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• Lou Wheatcraft is a senior consultant and managing member of Wheatland Consulting, LLC.  
Lou is an expert in systems engineering with a focus on needs and requirements development,
management, verification, & validation. Lou provides consulting and mentoring services to 
clients on the importance of well-formed needs & requirements helping them implement needs 
& requirement development and management processes, reviewing and providing comments 
on their requirements, and helping clients write well-formed requirements.  

• Specialties include: Understanding and documenting the problem; defining project and product 
scope; defining and maturing system concepts; assessing, mitigating, and managing risk; documenting 
stakeholder needs; transforming needs into well formed design input requirements; allocation, budgeting, 
and traceability; interface management, requirement management; and verification and validation. 

• Lou’s goal is to help clients practice better systems engineering from a requirements perspective across all 
life cycle stages of system/product development. Getting the needs & requirements right upfront is key to a 
successful project. Poor needs & requirements can triple the chances of project failure. 

• Lou has over 50 years’ experience in systems engineering, including 22 years in the United States Air 
Force. Lou has taught over 200 requirement seminars over the last 19 years. Lou supports clients from all 
industries involved in developing and managing systems and products including aerospace, defense, 
medical devices, consumer goods, transportation, and energy. 

• Lou has spoken at Project Management Institute (PMI) chapter meetings and INCOSE conferences and 
chapter meetings. Lou has published and presented many papers concerning requirement RD&M topics 
for NASA’s PM Challenge, INCOSE, INCOSE INSIGHT Magazine, and Crosstalk Magazine. Lou is a 
member of INCOSE, Past Chair and current Co-Chair of the INCOSE Requirements Working Group, a 
member of the Project Management Institute (PMI), the Software Engineering Institute (SEI), the World 
Futures Society, and the National Honor Society of Pi Alpha Alpha. 

• Lou has a BS degree in Electrical Engineering from Oklahoma State University; an MA degree in Computer 
Information Systems from the University of Houston – Clear Lake; an MS degree in Environmental 
Management from the University of Houston – Clear Lake; and has completed the course work for an MS 
degree in Studies of the Future from the University of Houston – Clear Lake. 



Requirements Working Group

3

Chair: Tami Katz; Sierra Nevada Corporation, USA
Co-Chair: Lou Wheatcraft, Wheatland Consulting, USA 
Co-Chair: Rick Zinni, Harris Corp, USA
Co-Chair: Mike Ryan; University of New South Wales in Canberra, Australia
Co-Chair: Kevin Orr, Eaton, USA

INCOSE Connect address:
https://connect.incose.org/WorkingGroups/Requirements/Pages/Home.aspx

Number of Members:  580, INCOSE’s largest WG

March 17, 2020

https://connect.incose.org/WorkingGroups/Requirements/Pages/Home.aspx


Purpose
Advance the practices, education and theory of requirements engineering and its 
relationship to other systems engineering functions.

Goal
Expand and promote the body of knowledge of requirements engineering and its 
benefits within the systems engineering community

Scope
Activities relating to best practices for requirements engineering throughout the product 
lifecycle including:
Elicitation           Analysis                           Allocation                        Traceability
Elaboration        Management                   Change Management
Expression         Verification                      Validation 
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Charter
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Released RWG Products – Available 
for download from the INCOSE Store
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RWG Products in Work - Draft versions being discussed at IW2020
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Needs & Requirements 
Life Cycle Manual



RWG Product Plan 2020

March 17, 2020 7

Guide for 
Writing 

Requirements

Guide to 
Developing and 

Managing 
Requirements

Guide to 
Verification and 

ValidationIN
C

O
SE

 R
W

G
 W

hi
te

pa
pe

r:
 

In
te

gr
at

ed
 D

at
a 

as
 a

 F
ou

nd
at

io
n 

of
 S

ys
te

m
s 

En
gi

ne
er

in
g

Needs and Requirements Life-Cycle Manual

INCOSE Systems 
Engineering Handbook SEBok

• Generating products aligned to INCOSE SE Handbook 
and SEBok that addresses overall concepts and 
ontology, as well as provide specific guidance to the SE 
practitioner community.
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• This whitepaper is an outgrowth from discussions 
concerning the RWG participation in and collaborating with 
the MBSE Initiative that occurred within the RWG sessions 
during INCOSE IW 2016 and IW2017 in Torrance, CA and 
subsequent communications between the authors, 
members of the RWG, and members of other INCOSE 
Working Groups. 
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Preface
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• Present a broader data-centric perspective of SE that 
meets the intent the MBSE initiative.

• Provide an integrated context of the various perspectives of 
MBSE which can be built upon and expanded on by the 
various INCOSE Working Groups, SE tool vendors, and 
practitioners of SE.

The overall goal is to make this whitepaper a useful product to 
help organizations implement the level of SE capability that 

best fits their needs.

Goals
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Purpose
• Help organizations implement Systems Engineering by 

addressing the following areas:
– Make clear that the data-centric approach to practicing SE advocated 

in this whitepaper is a major part of MBSE.
– Outline the importance for an organization to keep track and manage 

data and information across all the system life cycle process activities.
– Provide guidance regarding the management principles and decisions 

important to the implementation and management of SE from a data-
centric perspective.

– Propose approaches & tools that can be used to measure & 
benchmark an organization’s capability to practice SE from a data-
centric perspective.

– Furnish guidance and a roadmap to help an organization move 
towards practicing SE from a data-centric perspective. 
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• Project and product managers and systems engineers who 
are: 

• Stakeholders in activities defined by the SE discipline
• Thinking about, or are in the process of, implementing 

SE within their organization 
• Wondering how to successfully implement the intent of 

the MBSE Initiative within their organization
• Interested in maturing their current SE capabilities 

toward a more data-centric implementation of SE 
• irrespective of the size and complexity of the system 

under development and the size and culture of the 
organization developing the system 

Intended Audience

March 17, 2020



This guide is also targeted to those: 

• From a requirements perspective, 
• who have been, or are currently, focused on defining, documenting, 

and managing requirements as a distinct and separate, siloed 
activity from other system life-cycle process activities  

• From a tool vendor perspective, 
• whose tools do not provide the capability to integrate and share 

requirements and the other SE artifacts and their underlying data 
and information across all system life-cycle process activities  
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While these approaches may have worked in the past and 
may work for some present system development efforts, it is 
doubtful these approaches will allow organizations to meet 

the future challenges of increasingly complex, software 
centric systems.
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Information Model
• The RWG produced this whitepaper from the perspective that 

requirements, along with all work products and artifacts (models, 
designs, documents, diagrams, drawings, etc.) generated during 
the performance of system life-cycle process activities are 
visualizations represented by the underlying sets of data and 
information

• These sets of data and information need be accessible and shared 
between organizations and PM & SE tools used within an 
organization as well as external organizations 

• Sharing data and information across all life-cycle stages will help to 
ensure consistency, correctness, and completeness of work 
products and artifacts 

15March 17, 2020

Project/program management needs to manage projects 
such that these sets of data and information can be 

shared across all system life-cycle stages.  



“SE, from a data-centric perspective, involves the 
formalized application of shareable sets of data to 

represent the SE work products and underlying data 
and information generated to support concept 

maturation, requirements development, design, 
analysis, and verification and validation activities 
throughout the system life cycle, from conceptual 

design to retirement.”
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SE from a data-centric perspective:

March 17, 2020

Using this perspective, integrated (or federated), shareable 
sets of data can be viewed as a foundation of Systems 

Engineering.  



The intent of MBSE:

• MBSE can mean different things to different people. 
– To some, MBSE is equated to the use of SysML and other language-based 

modeling tools. 
– However, the goal of MBSE is much broader.

• The goal is to move from a document centric practice of SE and move 
toward a data-centric practice of SE.

• The result is incrementally developing and managing system 
development using an integrated/federated data and information model 
of both the system of interest under development but also of the SE 
process.

• Within this model are all the artifacts generated across all life cycle 
stages, all linked together.

March 17, 2020 17

The result is a data and information model of both the SOI 
under development as well as the SE processes.



Integrated data as a foundation of SE
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Road map on how to use this whitepaper:

• Organizations must recognize
– The need to move to a data-centric practice of SE, 
– Understand the level of SE capably most appropriate for their organization, 

culture, and product line
– Develop a road map to achieving this level.

March 17, 2020 21

This white paper has tools built in to help organizations 
assess their current status as far as issues they 

currently may be experiencing due to their current level 
of SE capability from a data-centric perspective.



Step 1: 
Read Section 5.3 “Integrating SE from a data-centric 
perspective into your organization”
– Changing culture is often met with opposition
– Use a pilot project

March 17, 2020 22

Road map on how to use this whitepaper:

Provides practical guidance to help management realize 
the need to transition the organization to practicing SE 

from a data-centric perspective.



Step 2: 
Read Section 2 “The Need for Systems Engineering”
– Meeting the challenges of increasingly complex systems
– Benefits of practicing SE from a data-centric perspective

March 17, 2020 23

Road map on how to use this whitepaper:

Fill out the questionnaire that is contained in Appendix D: 
“Systems Engineering Issues Questionnaire”
(or take the survey on Survey Monkey)

Addresses common issues organizations face because of 
increasingly complex, software centric systems.

To be successful, organizations must recognize 
these issues and commit to resolving them!
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Step 3: 
– Read Section 5.1, Levels of SE Capability, which 

defines SE Capability Levels (SCLs) 0-5
• SCLs are defined in context of the level of SE 

capability in terms of practicing SE from a data-
centric perspective

– Use the tables in section 5.1 to access your 
organization’s current SCL.

March 17, 2020 25

Road map on how to use this whitepaper:



SE Capability Levels (SCLs)  
Example - SCL 0

26

Area of Capability (14) Current state
Organization The system life cycle process activities are divided across organizational units operating in silos.  
Enterprise Level Data & Governance 
Policy, Processes, & Procedures

The enterprise has no documented data and information governance policy, processes, and procedures. 

Project level Data and Information 
Management

Projects have not included data management concepts in their PMP nor SEMP and have no IMP.

Master Ontology There is no defined master ontology for the enterprise nor project. 
Master Schema The project does not store data in a database so there is no defined master schema for the project. 
Systems Engineering (SE) Tool Set The primary SE toolset used by the project is limited to common office applications: word-processing, 

spreadsheets, presentations, and basic drawing and diagraming tools. 
Project Management (PM) Tool Set The primary PM toolset used by the project is common office applications: word-processing, spreadsheets, and 

presentations. 
Work Product Format The primary focus of the project is on hardcopy, printed documents, design description documents, ICDs, CAD 

drawings, etc.
Shareability of data and information While the files representing work products are stored electronically, they exist as independent files (vs. in a 

database containing underlying data) making it difficult to share information contained within the files other than 
with other office applications (copy/paste).

Linking (Traceability) between work 
products developed in different 
development life cycles

Few, if any, work products are linked together across system life cycle process activities making it is difficult to 
identify and manage dependencies between work products.  Any traces between requirements is done manually, if 
at all.

Consistency of data across work products There are often inconsistencies between and within work products.

Completeness of work products It is difficult to assess completeness of data and information within work products.

Use of work product attributes and 
associated measures

Few, if any, SE work product attributes and measures are defined and used to help manage the project. PM 
measures focus on schedule and budget.

Configuration Management The project baselines and configuration manages individual printed documents or electronic versions of the printed 
documents (e.g., pdf files).   The single source of truth of project's data and information is represented by these 
baselined and configuration managed documents.
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Step 4: 
– Decide which SCL your organization needs to be at to 

address address the issues indicated when filling out 
the questionnaire in step 1.

• Your current level is your “as-is” present state (baseline)
• The level you want to be at is your “to-be” future state
• Identify the gaps between your present and future states

March 17, 2020 29

Road map on how to use this whitepaper:



Step 5: 
– Develop a roadmap to close the gaps and achieve the future 

state based on your organization’s specific needs.
– Read Section 4, Practicing SE from a data-centric 

perspective”
• Topics dealing with the enterprise level infrastructure 

considerations to successfully move to a data-centric practice of 
SE for projects.

– Data governance
– Information Technology (IT)
– Information Management
– Configuration Management
– Defining and using measures to better manage projects

– Read Section 5.2 “Choosing an appropriate SE toolset” and 
Appendix C: “Features a SE Toolset should have”
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Road map on how to use this whitepaper:
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The data-centric SE perspective focuses attention on the common, 
shareable integrated dataset that underpins all SE activities, including

– Modeling the system being developed 
– Modeling the SE lifecycle processes
– Generation and management of all SE work products and their 

underlying data and information

A data-centric SE perspective is essential to:
ü Manage the system development efforts across all 

lifecycles, 
ü Address the challenges of increasingly complex, software-

centric systems, 
ü Meet the intent of INCOSE’s MBSE Initiative
ü Move towards INCOSE’s Vision 2025. 

The shareable, integrated dataset is the 
foundation of all SE lifecycle activities
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Questions?
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