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Research Questions

How do we shift the culture to embrace modernization 
principles and practices?

What is the Future State of SE?

How do we bring innovation to the 
SE environment (process, artifacts, 

reviews, etc.)?

How do we know that we have 
achieved our goal?  What are the 

indicators of success?

What is the Current State of 
Systems Engineering in DoD?

What are the enablers to 
modernization?

What are the barriers to 
modernization? 

How do we create an SE 
Modernization Enterprise? 

CURRENT STATE COLLABORATION INNOVATION
How do we increase 

collaboration & knowledge 
sharing?

Who are potential 
partners/information sources?

How can we leverage NDIA, 
INCOSE & consortiums (or 
other government-industry 

groups)?

What role does systems thinking play?
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Systems Engineering Research Center (SERC) research task description 
"Program Managers Guide to Digital and Agile Systems Engineering 
Process Transformation." 
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SE MODERNIZATION APPROACH
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•Digital Engineering
•MOSA
•SW Engineering
•Mission Engineering

•Domain & Enterprise
•Acquisition Pathways
•WRT Specialty 
Engineering

•Define
over time

Understand the 
Implementation Status Review Identify

SE MOD 
Focus Areas

Use Cases & 
Ongoing SE 

Transformation 
Initiatives

Pain Points
& Challenges

Key Partnerships: Government, Industry & Academia  

• Best Practices/Lessons Learned/Use Cases 
• SE Workforce Roles & Responsibilities
• SE Workforce Training
• Updated SE Guidance/Policy

INFORM
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SE Modernization Approach

Architecture

Model-Based Systems Engineering 
(MBSE)

SOS/Enterprise Collaboration & Data 

Engineering Workflow

Workforce Training & Culture

Modeling Mission & Platform levels, embracing 
Reference Architectures

Enterprise-wide implementation; models 
as Source of Truth

Understand/Assess cross-platform capabilities

Evolving SE processes to model based, 
including V&V, R&M

A focused approach to workforce initiatives 
that enable culture change & skills gap

SE Modernization
Focus Areas

“There is a lack of an integrated approach to implementation of SE Focus 
Areas that is creating a delay in full implementation of the Digital 
Transformation which is necessary to ensure the relevant guidance, skills, 
and training are available to deliver a robust, disciplined approach to 
weapon systems acquisition.”

SE Modernization Problem Statement

Cross-Cutting Key Enablers

Collaborating with Government,
Industry & Academia

ENABLERS RESULTED FROM OUTREACH/INFORMATION SESSIONS 
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SE MODERNIZATION GOALS & LINES OF EFFORT (LOES)
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Lack of U  
Cases & 

Exempla  
(Metrics

LOE 1 -SEMOD BoK & Community of Practice

LOE 2 - Policy & Guidance Review & Update

LOE 3 - Model Based Artifacts, Data Workflow

LOE 4 - Roadmaps & Framework                                       
(Iterative Mental Model )

LOE 5 - Digital Acquisition Thread Exemplar

LOE 6 - Workforce: DE/SE Topic Workshops & 
Webinars

ALIGNED TO
Requires 
SE & DE 

Transformation

“The vision of SE Modernization is to use data and models to create a more
agile and responsive acquisition system that can quickly and effectively
meet the needs of the warfighter.”
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What                   Why                                How
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We envisioned a new 
mental model for 

systems engineering in 
a fully digital, iterative 

world

We captured a set of 
interrelated issues/ pain 

points/ challenges to 
implementation of this 

mental model

We drafted a roadmap of 
developmental needs and 

recommendations to 
improve the uptake of 
modernized systems 

engineering 
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Data
Storage
Layer

GENERALIZATION: 
THE SUPRA-SYSTEM MODEL

The supra-system lifecycle: what 
drives the experience of the system

Authoritative Sources of Data and Models are 
associated with the System not the Program,
and must consider all internal and external 

lifecycle drivers Adapted from: Thullier and Wippler, Finding the Right Problem, in Large Scale 
Complex Systems and Systems of Systems, ISTE, 2011

“System Experience” 
should be captured in 
stored data and used 
to continually update or 
remake our models
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Notional VIEW: Full SE Modernization Life Cycle

• Cyclic nature of modern SE
• Still milestone-based
• SE core principles in every Acq pathway
• Flexible system life cycle entry points:

Learn-Build-Measure (MCA)
Build-Measure-Learn (Mid-Tier, SW, UON)
Measure-Learn-Build (Sustainment)

• Continuous Iterative Development processes (around 
the circle)

• Continuous Data Management and Transformation 
processes (at the core)

Needs analysis & Planning

Implementation

Test, Evaluation, Support

Data & Models

Learn

Build

Measure
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PAIN POINTS FISHBONE

Slow uptake 
of modernized 
systems engineering 
capabilities and 
processes in DoD 
program 
offices

Build 
Reference 

Implementatio
ns

Modernize 
SETR Processes

Share Lessons 
Learned

Ways & Means 
to Drive 

Adoption

Lack widely 
demonstrated digital 

tools/ methods

Too much focus on models and 
not the underlying data

Lack a 
standard 
shared 
ecosyste
m

Tool interoperability/ 
connectivity issues

Overcoming legacy 
tools/ processesLack integration of 

engineering & PM tools

High tool/ 
licensing costWho owns 

the data?Lack authoritative 
sources of data & 

models

Lack example 
data/ model 

portfolios
Must deal with gaps in 
data & missing models

Lack 
acceptance, 
V&V processes

Lack standardized 
modeling approaches,

Style guides

Not enough use 
cases & examples

Gov’t reference 
architecture 
immaturity

Poor mission 
model to 

system model 
flow Lack documented 

quality 
improvements

as a risk  
managemen

t strategy
system focus 

is obsolete, 
need SoS 

views

Lack revised 
examples of 

acquisition 
artifacts

Lack 
contract 

approaches/ 
templates

Inconsistent 
taxonomy/ 

ontology

Lack ability to 
integrate legacy 

programs/platforms

Need enterprise 
culture change

SE Mod goal: 
seamless & efficient 

digital flows

Lack means 
to view/ 
extract dataLack model 

abstraction 
lessons 
learned

Lack consistent 
incentives

Lack culture for sharing 
data & models

Lack CM 
processes

Lack IP/data 
protection 
processes

Lack collaboration 
lessons learned

Not easy to drill 
down from 

decision artifacts 
to dataView that agile 

is for SW only

Lack training 
in PMO’s

Culture of 
waterfall/ 
milestone 

flowsMOSA culture 
not 

established
MOSA as enabler for 

adaptability & change

Lack examples 
of modernized 

reviews Immature 
test 
automation 
strategiesNeed tool 

automatio
n

Need to have & 
adopt measurement 

strategies

Means to value 
multidisciplinary 

rigor

Need examples 
of realized 
efficiencies

Lack cost 
estimation 
methods

Means to value the 
digital artifact 
(thread/ twin) 

lifecycle

Need examples 
of long-term 
realization of 

value

Multiple concepts and 
pathways maturing separately

Need breadth & depth 
of experience, staffing

Lack 
momentum for 
change

Overcome stovepiped 
DE/ME/MOSA/Agile 

guidance

Need 
experienced 

leaders

Funding 
constraints & 

priorities

Need PEO-
level early 
adopters

Lack effective compliance 
requirements

Need PM consumable 
visualization standards

Highlighted items are 
workforce related

Do not 
understand 
the return 

on 
investment

Policies do not 
incentivize 

programs to 
adopt new 
approaches

Lack 
acquisition/ 
engineering 

process 
integration

Lack open-source 
I/F standards

Issues about where data resides

Need data 
visualization 

norms

Reduce barriers/ 
cost of entry
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Digital SE Modernization Roadmap
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Available

Research in progress

Research needed

Acquisition and 
Engineering 
Digital 
Convergence

Collaboration 
around Digital 
Contracts and 

Artifacts

Digitalized

Data Integrated

Current State

Reference 
Implementations 

and Common 
Patterns

Controlling the 
Digital Agile 

Lifecycle

Seamless & Efficient 
Acquisition/Engineering 

Process Integration

Workforce & Culture

A Continuum

MOSA

Gov’t Ref. 
Archs

DECF

Pervasive 
Data/Model-

driven

Common 
Digital 

Ontology

Open-
MBEE

Digital
Assistants

Digital SEP 
Dashboard

Digital TEMP 
Dashboard

Ontological 
basis for SE and 

Acq

How-to guides

DEIXWG

Model-
Centric 
Pilots

Situational 
Awareness

DE 
Ecosystem

Lessons 
Learned

DEE Reference 
Implementations

DEE
Conops

Common 
Data 

Strategy

Integrative 
Taxonomy for 

SE and Acq

Agile
Contracting

DE
Contracting

SEMod
Lessons 
Learned

SEMod and 
other
BoKs

Agile
Methods

Decision 
AnalyticsCollaborative 

Contracting

Semantic
Integration

AI for 
Acquisition 

Strategy

System 
DevSecOps

Transmigration 
of models

DE 
Adoption 

Model

Human-AI 
Teaming

DE Metrics Domain 
Digital 

Ontologies

Data and 
Model Reuse

Style Guides 
& Standards

Continuous 
Iterative 

Development

SE Mod

GRA 
Assessment 

Tools

Model-based 
Executable 
Contracts

Digital SE 
Reference 

Implementations

Libraries

MOSA

Mission/SoS & 
Supra-system 

lifecycle

“How to 
Model”

Core skillset



Distribution Statement A. Approved for public release. Distribution is unlimited. Case # 22-S-0026 & 23-S-1760 11

Office of the Under Secretary of Defense for 
Research and Engineering

osd.r-e.comm@mail.mil | Attn: SE&A
https://www.cto.mil

https://ac.cto.mil/engineering

Contact

mailto:osd.r-e.comm@mail.mil
https://www.cto.mil/
https://ac.cto.mil/engineering
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