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Purpose of Study

• The INCOSE Systems Engineering Competency Framework (SECF), published 
in 2018, provides a set of competence requirements for 37 systems 
engineering competencies against 5 competence levels

• The INCOSE Systems Engineering Competency Assessment Guide (SECAG), 
published 2023, provides a sample evaluation criteria against each SECF 
requirement. 

• This paper describes the development of a Systems Modeling Language 
(SysML) model that provides a digital representation of the SECF/SECAG 
architecture framework. 

• SECF/ SECAG databases have been loaded into this structure to form a digital 
single source of truth representation of the INCOSE SECF / SECAG 
publications

• A description of the metamodel and data structure is presented as well as a 
tailoring approaches for use and a series of evolving model use cases.
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Outline of Brief

• Framework and Model Development Timeline

• Framework Structure

• Metamodel Structure

• Model Walkthrough

• Open actions

• Future Plans 
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Competency Framework Timeline
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• INCOSE SECF 

published as 

collaboration 

between 2 

professional 

societies, 12 

corporations, 4 

academic 

institutions, and 1 

research center

• INCOSE-TP-2018-

002.01.0

• CWG started work 

on SECF

• Earlier INCOSE UK 

Frameworks served 

as reference

• INCOSE Competency 

Assessment Guide 

published through 

Wiley

• SysML Cameo 

Systems Modeler 

model developed 

• INCOSE IS24 SysML 

Model Paper 

submitted (Oct)

• Plan for implementation 

within INCOSE SE Lab 

(fall)

• Work starts on 

follow on 

Competency 

Assessment 

Framework

• Vision starts for 

planning digital 

version of SECF

2011 2018 2019 2023 Future

• Plans for additional 

competencies, 

model use cases, 

user interfaces

• Work starts on 

coordination with 

PDP

• Work continues on 

follow on 

Competency 

Assessment 

Framework

2021



Definitions Background

Term Definition

Competency A measure of an individual’s ability in terms of their knowledge, skills, and behavior to perform a given role (Holt 

and Perry, 2011) , (International Council on Systems Engineering, 2023a)

Competence A measure of specified ability (INCOSE 2015) (International Council on Systems Engineering, 2023a)

Framework Broad overview, outline or skeleton of interlinked items which support a particular approach to a specific objective 

and serves as guide that can be modified as required by adding or deleting items (International Council on 

Systems Engineering, 2023a)

Proficiency Level Levels of increasing competence including awareness, supervised practitioner, practitioner, lead practitioner, expert 

(International Council on Systems Engineering, 2023a)

Role A role is a recognized organizational position, usually performed in exchange for payment. Historically the term 

“job” and “role” have been used interchangeably, more recently a distinction has appeared. A job comprises all, or 

parts of one or more defined roles which govern organizational processes and activities. An individual may remain 

in the same “job” for a long period, but during this time will usually perform multiple roles. (International Council on 

Systems Engineering, 2023a)
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Model Development Value Proposition

• Provides a dynamic single source of truth baseline for 
framework maintenance and development

• Allows for exploration of new framework areas and 
incorporation of other framework databases
– Developing configuration management process

• “Use Case” development for exploration of various 
framework applications
– 13 use cases under development

• Development of tailored models for organizations 
– With role and job definitions mapped to framework
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Model Organization
• Model organized into containers for ease of 

configuration management, maintenance, and 
development

• Task Management contains information about 
model management and prioritized dynamic 
development task list

• Language Extensions contains model specific 
SysML extensions

• Common Element Library contains model 
elements common across the model 
organization

• Documentation contains model dynamic 
documentation and PowerPoint presentation 
templates for auto generation 

www.incose.org/IW2024 7



SysML Metamodel
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37 Area 

elements 

satisfy 

requirements

1541 total Indicator 

elements (requirements)

Suggested 

evidence for 

each indicator

5 Proficiency Level elements 

satisfy requirements

Organization specific tailoring trace 

back to area and proficiency levels

3081 Objective 

Evidence  elements 

verify requirements

4751 KAP 

Evidence elements 

verify requirements

185 (37x5) cell 

matrix



Model Associations

•SysML model associates model elements through 

satisfy and verify relationships
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Sample Indicator Database Table

• Indicators modeled in SysML as 
requirements

• Proficiency levels and competency 
areas are each individual model 
elements

• 185 matrix cells (37 Area x 5 
Proficiency Level), each containing 
multiple indicator elements (1541 
indicator requirement elements)

• Each requirement is satisfied by 
proficiency levels and competency 
area

• Each requirement is verified by KAP 
and Objective evidence model 
elements
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• 1541 model elements



Sample SECAG KAP Evidence Database Table
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• 4751 model elements

• KAP entries are 
individually 
categorized by 
each KAP type

• Each entry is 
linked to an 
indicator 
requirement 
through a 
verification 
relationship



Sample CAG Objective Evidence Database Table

• 3081 model elements
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• Objective entries 

are individually 

categorized

• Each entry is 

linked to an 

indicator 

requirement 

through a 

verification 

relationship



KAP and Objective Evidence Database Table
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Area InformationEvidence 

Element ID

Satisfied requirement ID

Evidence text

Boolean check on satisfaction

Table organization mirrors SECF / SECAG publication tables



Model Allows for Organization Tailoring

• Jobs and roles particular to an organization can be created and mapped to existing 
model elements

• Allows for model tailoring to a particular organization

• Example shows a role, broken into 4 parts, mapped to required competency and 
competence level
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Current Model Use Cases

• 13 use cases currently 

being evaluated in the 

model

• Additional use cases and 

model behaviors under 

investigation
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Sample Model Use Case – Model Development
• Model development use case 

covers Competency WG team 
usage as well as the MBSE 
development sub team 
(members of the WG)

• Primary utilization is to have a 
digital single source of truth 
framework and database which 
aids in the development and 
advancement of future 
frameworks and addition of 
other databases
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Sample Model Documentation
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• Imbedded model documentation 

includes user guide, tailoring 

guide, style guide, acronyms, 

abbreviations, self generating 

briefing, INCOSE paper



Model Development Management

• Action item 
stereotype 
allows 
tracking of 
internal 
development 
task

• Developing 
model 
utilization and 
maintenance 
rules for 
configuration 
management
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Summary

• Model framework structure (metamodel) has been 
implemented 

• SECF / CAG databases imported

• Use case scenarios generated and under evaluation

• Model framework configuration management under study for 
possible structural upgrades if required

• Incorporation of additional framework databases from other 
areas such as digital engineering, security is an area of 
interest

• Development of a user interface to facilitate self-assessment  
with the model is a longer-term project of interest
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