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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)

Publication release (June 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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Success Measures and Benefits of Digital Engineering Transformation
Research from DoD SERC and Virginia Tech helped inform the DE Measurement Framework

Primary Benefits  Description Applicable Measurement 
Specifications 

Higher level 
support for 
automation 

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

8.6 Product Automation  
8.7 Deployment Lead Time 

Early 
Verification and 
Validation 
(V&V) 

Moving tasks into earlier 
developmental phases that 
would have required effort in 
later phases 

8.4 DE Anomalies 
8.5 Adaptability and Rework 
8.7 Deployment Lead Time 

Reusability Reusing existing data, models, 
and knowledge in new 
development 

8.4 DE Anomalies  
8.5 Adaptability and Rework 
8.7 Deployment Lead Time 

Increased 
Traceability 

Formally linking requirements, 
design, test, etc. via models 

8.7 Deployment Lead Time 
8.8 Runtime Performance 

Strengthened 
Testing 

Using data and models to 
increase test coverage in any 
phase 

8.1 Architecture Completeness and 
Volatility  
8.2 Model Traceability 
8.3 Product Size 

Better 
Accessibility of 
Information 
(ASoT) 

Leveraging an Authoritative 
Source of Truth (ASoT) to 
increase access to digital data 
and models to increase the 
involvement of stakeholders in 
program decisions 

8.7 Deployment Lead Time 
8.8 Runtime Performance 

Higher Level of 
Support for 
Integration 

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

8.6 Product Automation 
8.2 Model Traceability 

Multiple Model 
Viewpoints 

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

8.1 Architecture Completeness and 
Volatility  
8.7 Deployment Lead Time 
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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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DE Measurement Framework ICM Table (Excerpt)
* = Measurement specs written for inclusion in v1.1 release
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Summary of v0.95 Public Review Comments

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

A Accept
AIP Accept in Principle
R Rejected
Defer Deferred to a future release
N/A Comment only, no action

Of 476 public review comments received:
380 Accepted in full or in principle (80%)
26 Deferred to a future release (5%)
59 Rejected (12%)
Others in some partial combination of the above

183 Editorial (38%)
291 Technical (61%)
• High: 131 (27%)
• Low: 160 (34%)

Significant changes from v0.95 to v1.0
• Clarify terms and definitions
• Address editorial and technical 

comments to indicator specs
• Consolidate Defect Detection and Defect 

Resolution specs to ‘DE Anomalies’
• Provide additional guidance in 

measurement specs and indicators
• Expanded descriptions of applicable life 

cycle models (agile, DevOps, waterfall…)
• Some document section restructuring 

for readability

Technical comments are resolved.

Final editorial review in v1.1 release 
(consistency, cleanup)

Count of Resolution Column Labe

Organization A AIP AIP / Defer AIP / R Defer Defer/AIP N/A R
Grand 
Total

Aerospace 36 36 6 2 3 1 9 93
AFIT 1 1 1 1 3 7
Airbus 1 4 1 5 11
ALP International 1 1
Collins Aerospace 1 1 1 3
DAU 6 2 1 2 11
DHS 2 3 2 1 3 11
DoD 1 1 2
General Dynamics 4 7 2 1 14
GTRI 13 9 1 23
INCOSE 6 23 4 4 5 2 44
L3Harris 4 6 1 11
Lockheed Martin 6 12 2 2 3 1 6 32
MITRE 10 21 1 7 39
MxD 1 1
Naval Postgraduate School (NPS) 2 1 2 5
OSD DOT&E 5 15 8 28
OUSD R&E 18 12 2 5 37
PSM 17 8 25
Raytheon 14 13 1 2 7 37
SEI 3 1 2 6
U.S. Army 1 4 5
U.S. Marine Corps 4 4
Volkswagen 12 6 1 19
U.S. Navy 1 1
NRO 3 3 6
Grand Total 155 197 22 6 26 2 9 59 476

https://www.psmsc.com/DEMeasurement.asp
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Example Measurement Information Model – DE Anomalies

Digital engineering 
measures and indicators 

are specified in a 
structured template 

aligned with the PSM 
Measurement Information 

Model

Changed term “Defects” to 
“Anomalies” based on review 
feedback , and consolidated 2 

prior Defect Detection vs. 
Defect Removed indicators
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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? How can we reduce the leading causes of anomalies?

Excerpts only from DE measurement 
specifications. Some specs have 
multiple sample indicators. See 

framework Section 8 - Measurement 
Specifications for details.

Click titles for details



PRACTICAL SOFTWARE AND SYSTEMS MEASUREMENT

11DE Measurement Framework v1.1
UNCLASSIFIED

UNCLASSIFIED

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.

Adaptability and Rework

How much rework is for planned and unplanned changes?
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Tying it all together – DE measurement framework concept
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- DE measures for the enterprise
- 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 breadth of 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?
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Much appreciation to the many individuals 
and organizations that supported 

development of the 
V1.0a Digital Engineering Measurement 

Framework!
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Summary – Digital Engineering Measurement Framework v1.1

• Lack of common measures and established best practices have inhibited digital transformation
• The v1.1 release of the DE Measurement Framework establishes an initial consensus from our partners as a 

starting point to advance a discussion across industry – some measures are conceptual

• Help us improve it! Participate in reviews, provide comments and suggestions, pilot the measures 
proposed, and participate in the future evolution of this framework

• Contact our team leads to get further involved
Joe Bradley
Leading Change LLC
josephbradley@leading-change.org

Cheryl Jones
Practical Software and Systems Measurement (PSM)
cheryl.l.jones128.civ@army.mil

mailto:joseph.bradley@mainsailgroup.com
mailto:cheryl.l.jones128.civ@army.mil
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Architecture Completeness and Volatility
Information 
Need

How complete is the architecture? Does the architecture account for all required functions?
Is the architecture sufficiently complete to proceed with design at acceptable risk?

Evaluate iterative progress toward completion of an architecture (functional, logical, physical) based on allocated functions and interfaces. 
Completeness and stability of the architecture provides a direct view into the maturity of a system development. 

Functions Completed vs. Plan and Volatility Over Time
(Source Functions + Derived Functions)

Allocated Functions

Total Functions

Source Functions

Volatility = 
Changes / Time

Total = Source + Derived 

Completeness = 
Functions Allocated /

Total Functions

Example indicator – Functional Architecture Completeness

(Milestones)

Total functions
not yet allocated
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Model Traceability
Information 
Need

What is the extent of achieved traceability coverage across model elements?
What is the extent of traceability from requirements down to the logical or physical solution domain?
What traceability gaps or defects exist in the digital model?

Assess traceability between modeling elements to assure allocation, flow down, and coverage.
Evaluate gaps to assure the system solution is complete and consistent.

Traceability reports and analyses are greatly facilitated by modern digital 
modeling tools. The traceability concepts and indicators in this specification 
are representative examples of more general traceability mappings and reports 
across the development life cycle, such as:
• Traceability between stakeholder needs, system requirements, and 

allocated or derived requirements at each level of the system hierarchy
• Traceability and flow down of requirements to the logical or physical 

solution domain (e.g., design, implementation, integration, verification, 
validation)

• Allocation and traceability of performance measures or parameters, such 
as Measures of Effectiveness (MOEs) or Key Performance Parameters 
(KPPs)

• Traceability of system interfaces

Excerpts from: ‘MBSE and Requirements Analysis, key to Successful System Engineering’, M. Osaisai and F. Markham, 2019 MBSE Cyber Experience Symposium.
Used with permission from Macaulay Osaisai. All other rights reserved.
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Product Size
Information 
Need

What is the size and scope for the digital engineering project or product? How much work must be done? 
How does product size relate to estimates and measures of cost, schedule, productivity, performance, or ROI?

Product size can be used as a proxy for deriving other measures (e.g., effort, schedule, productivity, capability).
Currently proposed as a count of model elements to help advance further industry discussion.

Product Size is initially proposed as a count of model elements (pilot).

Several candidate measures could be derived from product size 
measures, such as these below.
• Productivity = (Product Size) / (Effort)

Number of model elements generated per unit effort 
(e.g., model elements / labor hours)

• Progress = (Product Size actual to date) / (Product Size planned)
Proportion or percentage of planned model elements completed for 
characterizing progress and work remaining. Can also be used to 
characterize growth and stability (actual size vs. plan). 

• Throughput = (Product Size) / (Duration)
Number of model elements completed per calendar period, e.g., elements / 
month. Can also be used to characterize a size vs. schedule relationship.
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DE Anomalies

Information 
Need

Is the quality of the product adequate to be used in subsequent phases or activities?
Are we finding and removing anomalies early in the life cycle using models and shared information?
Is the use of DE leading to detection of anomalies earlier in the lifecycle compared to traditional methods or projects?
How can DE and modeling efforts be improved to reduce the leading causes of anomalies?

Measure the effectiveness in timely detection and removal of anomalies during development (saves) vs. down stream activities (escapes).

Improved system quality and early defect detection are primary benefits expected 
from DE.
• Anomaly is the term used to discuss deviations from expectations

(e.g., errors, warnings, defects, change orders, problem reports, corrective actions)
Anomalies are collected, analyzed, and monitored across lifecycle activities or 
boundaries (e.g., stages, phases, iterations, releases)
Analyze attributes of anomalies to enable root cause analysis and improvement 
actions, such as:

Date timestamps
(opened, closed, state transitions)

Anomaly state
(open, in work, resolved, closed, …)

Work activity 
(originated, detected, resolved)

Work product type Product identifier Anomaly category

Severity Customer impact Rework effort
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Adaptability and Rework
Information 
Need

How much rework effort is spent maintaining planned or unplanned changes to digital engineering work products across the life cycle? 
Can changes to engineering work products be implemented more easily and with less effort in a digital engineering environment relative to 
traditional methods?

Measure how readily changes (planned and unplanned) can be implemented.
Model-based products can be more resilient to changes and facilitate automated product updates.

Traditionally, rework measures are focused on the effort to implement 
corrective actions for repair of defects. Here we envision the broader use 
of rework measures enabled through digital engineering to include change 
management, adaptability, and impact assessment contexts beyond simply 
the correction of defects.

• Corrective actions – repair of anomalies or defects
• Perfective actions – planned or scheduled enhancements
• Adaptive actions – adapting configurations to other environments

Typically driven by change requests, under the governance of a 
Configuration Control Board (CCB) or equivalent.
Model-driven products can be more resilient to changes with reduced 
rework impact

• Analyze rework distributions (effort; cost; schedule; resources) for a 
set of changes or attribute types
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Product Automation
Information 
Need

What percentage of artifacts are automatically generated from digital models?
To what extent are artifacts facilitating program reviews?
How much is automation contributing to meeting performance and quality objectives?

Measure the extent to which work products and reviews can be automated through digital models

Model-driven development provides opportunities to automate engineering processes and generation 
of work products that have often been done manually in traditional approaches. 
Model-based work products such as requirements, architecture, design, use cases and other views or 
modeling artifacts can be automatically generated and published directly from modeling tools, at 
significant savings in effort relative to traditional documentation-centric approaches. 
Examples:

• % of digital model artifacts produced via automation
• % of requirements verified through automation of digital model parameters and constraints
• % of labor hours spent generating digital artifacts through automated vs. manual methods

Potential benefits:
• Process efficiencies. Labor reductions. Shorter cycle times. Less rework. Earlier V&V of 

solutions.
• Automated model-based generation of milestone review artifacts.

Objectives for the extent of model-driven automated artifact generation may be specific to the product 
or domain. Automation in the range of 70%-80% is often beneficial in producing improved 
performance outcomes, but this may vary by domain or application.
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Deployment Lead Time
Information 
Need

How long does it take to deploy an identified feature or capability?
How long does it take to deploy a viable product for operational use after a request is received? 
Where is the deployment bottleneck; in planning/backlog, implementation, or deployment of the implemented capability?

Measure how rapidly authorized system capabilities can be engineered, developed, and delivered for use in their intended operational environment. 

Shorter deployment lead times and cycle times can indicate more efficient delivery/deployment flow and quicker 
response to business objectives or mission needs. Longer deployment lead times and cycle times are often correlated 
to the scope, product size, and complexity of work products. 
Attributes characterizing the relative work performed (e.g., product requirements, model elements, product size, 
complexity) can be used to normalize and synthesize comparable work performed under similar defined conditions.
Oftentimes, deployment requires coordination with the acquirer or operational environment outside the supplier’s 
control. From the supplier’s perspective, potential delays in scheduling access to the operational environment can 
greatly affect overall Deployment Lead Time.  For these reasons, measures based on Deploy Time can be interesting 
and useful to some extent but may be not as repeatable or actionable as Cycle Time which is more under direct project 
control.
Under consistent conditions, deployment lead time can be used as a measure of team capability and throughput.
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Runtime Performance
Information 
Need

What is the runtime performance of the capability or system? 
What is the likelihood that runtime performance will meet operational requirements?
Where are the runtime performance bottlenecks, and how can operational performance be optimized?

Measure the time it takes a software system to perform or execute capabilities or assess alternative model-based solutions.

Performance analysis is critical to early requirements development, architecture, 
and design processes to ensure the ultimate target solution is feasible. This is 
generally done through sophisticated models, simulations, and prototypes to 
validate applicable algorithms or ranges of performance prior to final 
implementation and deployment in the operational environment. 
The tech stack hosts models that form a digital twin.
Runtime performance is a particular concern for models that tax the computing 
infrastructure, where data latency or sluggish infrastructure performance can 
have significant adverse effects on the digital design effort.
Performance analyses can be plotted to tailor future capabilities to their 
expected environments and workloads.

© 2021 by Richard Halliger. Reprinted with permission.

SW Capability Runtime - duration in second(s)

Performance Benchmark

SW Capability Runtime - distribution
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