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ManufacturingUSA

Advanced Manufacturing Occupation and
Competency Framework Briefing

Brad R. Conrad PhD, Office of Advanced Manufacturing, NIST
on behalf of Manufacturing USA

’é i‘ An interagency team building partnerships with U.S. industry and academia
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Network-wide Workforce Development Efforts

In 2024, across 17 Institutes: Category Fomat  Instute

v - Any - v -Any - v -Any- W - Any - v

 +4,100 training providers

+ +195,000 participating in L .
institute projects or internship SRR e S S
programs and training e = "® 9 @

e 237 separate workforce T g
development projects
* $54M in funding for EWD
projects and activities R

EWD Connect
www.manufacturingusa.com/ewd-connect
Manufa::turlng‘USA 64

Dominican
Jamaica -Republic. = 2 :
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Overview: MFG USA Workforce Network Efforts

1. Establish a shared workforce agenda

2. Collaborate on common goals

* Credentials, CTE, and Apprenticeships

* Training programs & platforms

3. Amplify institute workforce programs
e Communications & outreach

B’

* Exhibiting » .. .:8'A%
4. Define long-term priorities
 Manufacturing careers portal __‘ ‘
¢ Training best practices Manufacturing USA Workforce Annual
e Active duty and veterans Meeting at MxD 2025

Occupation and Competency Framework

Ié)é_

ManufacturingUSA 65



Example of Scalable Dissemination:
Wide Bandgap (WBG) Semiconductor Technology Course

Regional coordination on curriculum development:

Virtual lab & expansion strategy for course(s)
Central Carolina Community College (CCCC)
Western Carolina University (WCU)

North Carolina state University (NCSU)

Target launch: Spring 2027
Developing syllabi for institutional review and approval

CCCC: Placeholder course description to begin the state-level
approval process

estern
ssmz&%em érohna NC STATE

Developing educational pathways : CCCC — WCU — NCSU

)33 .

ManufacturingUSA 66
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Advanced Manufacturing Occupation and Competency Framework

Manufacturing
USA

Closing the manufacturing talent gap foundation 7

This framework supports: Manufacturing USA

. . . . Advanced Manufacturing Occupation
Co-developing workforce skills for emerging Bl e ey Framework
technologies S oo 2025

e Scaling efforts to increase U.S. advanced
manufacturing workforce

* Credentialing

* Pre-apprenticeships/Apprenticeships

Goal: Defining common Knowledge, Skills, and
Abilities (KSAs) through the next 5 years

1

ManufacturingUSA
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Advanced Manufacturing Occupation and Competency Framework

Each Institute

(o)}
>
(@)
c
Q
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Q
o
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(@)
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-z
7o)

Skill/Competency 4
Skill/Competency 5
Skill/Competency 6
Skill/Competency 7
Skill/Competency 8

Skill/Competency 2
Skill/Competency 3

—
>
(@)
C
Q
)
Q
o
E
(@)
)
>~
=
wn

For each Institute: Identify entry level occupations over the next 5 years
— Essential competencies for each occupation
. B — Examine: Linkages between competencies
l’; = — Examine: Linkages between occupations s

ManufacturingUSA
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Industry and Agency Engagement

Occupation and Competency Framework Process

B W N

Industry-validated research
Develop competency model
Refinement of analysis with industry and academia
Adv. Man. Occupation and Competency Framework

DOL’s Adv. Man. Competency Collaboration

S, y-Wide Technical p
Quality 2
‘%:".-.“::: ‘ e, Sy
improvement Environment

Manufacturing

Production in the
Process i
DesignDevelopment

Supply Chain/

Maintenance,
Operations. fe T
‘ | SRS ‘

— ‘25 Executive summary (Published)

Workplace Competencies

— Technology Sector Report (expected May) A

Recording  Technology

Academic Competencies

— ‘26 Executive Summary Update (expected June)

Mathematics Science

— Academia Technical Report (expected July) .

— Biomanufacturing Competency Model

’i;’é— ‘27 Executive Summary Update (Summer 2027)

ManufacturingUSA 69
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Advanced Manufacturing Occupation and Competency Framework

Key takeaways

The framework contains:

over
unique KSAs occupations competencies sub- data points
competencies (“connections”)
TIER 5: Industry-Sector Technical Competencies
TIER 5
5.4 5.2 5.3 5.4 55 5.6 57 NEW Advanced Manufacturing
Additive Smart Information Cybersecurity Experiments, Biomanufacturing Material .Sectf)l" Technical compete'_‘des
Manufacturing Manufacturing Technology Tests, and Production Design and identified by MFG USA Institutes
Technology Analyses Production
TIER 4: Industry-Wide Technical Competencies
TIER 4
41 42 43 44 45 4.6 Connects to DOL Advanced
Manufacturing Operations Maintenance, Production in the Quality Assurance ‘ Process & Equipment Manufacturing Competency
Process Management Installation, Supply Chain/Supply & Continuous Health, Safety, and Framework
Design/Development and Repair Chain Logistics Improvement | Environment
TIER 3: Workplace Competencies
TIERS 1-3
TIER 2: Academic Competencies Connects to DOL
Advanced Manufacturing
N A . . Competency Framework
== TIER 1: Personal Effectiveness Competencies
A/ -

ManufacturingUSA
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Advanced Manufacturing Occupation and Competency Framework

Key takeaways
Network-wide KSAs:
e 33% of KSAs cross technology area lines

* 50% of KSAs are shared by 3 or more institutes
e 29% of KSAs align with 8+ occupations

Most frequently identified occupations:

* Process/Mechanical Engineers (6 institutes)
e Electrical Engineers (5 institutes)

 Materials Scientists (4 institutes)

)33

ManufacturingUSA

Most Highly Selected Essential KSAs Across
the Manufacturing USA Network:

A
B.

c.

Data collection and analysis (4.1.7)

Knowledge and use of computer-aided
design (CAD)/computer-aided manufacturing
(CAM) software (4.1.2)

Use basic hand tools in a safe and
efficient manner to shape and form simple
components (4.3.2)

. Understand and execute test and

measurement assays (4.2.11)

E. Production/process troubleshooting (4.2.11)

F. Use computers, computer-interfaced

equipment, robotics or high-technology
industrial applications to perform work duties
(4.2.6 and 4.2.9)

. Monitoring manufacturing operations (4.2.5)

. Machine and equipment operations (4.2.5)

71
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Adv. Manufacturing Occupation & Competency Framework

Example - Robotics: Common entry-level competencies

4.2.6 Automated Systems and 4.2.9 Industrial Productions 4.3.27 Programmable Logic
Control Operations Use computers, computer- Cor'ntrolled Equipment'

Use Computel’s, Computer— interfaced equipment' rObOtiCS. Malnt-enance, |nSta|.latI0n, and
interfaced equipment, robotics or high-technology industrial Repair

or high-technology industrial applications to perform work duties Robotic programming

applications to perform work duties

4.2.9 Industrial Productions 4.6.8 Safety Procedures

4.2.6 Automated Systems and Operation and control of

Control Operations manufacturing machinery

Understand and use factory
automation technologies

Understand and follow safety
procedures

4.2.11 Production/Process

- 4.6.8 Safety Procedures
Monitoring

4.2.6 Automated Systems and Safe material movement

) Operational Technology (OT)
Control Operations

Operation and control of . . 5.3.1 Programming
automated systems 4.3.1 Maintenance, Installation,

and Repair - Critical Work
Functions

Knowledge and use of
programming skills (Python, C++)

Maintenance equipment, tools, and
workstations
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Competency Correlation

If an occupation needs ‘Knowledge and use of computer-aided design
(CAD)/computer-aided manufacturing (CAM) software’ for Technical Drawings
and Schematics as part of Manufacturing Process Design and Development

Understanding of thermal, mechanical, and optical material properties
Basic understanding of electrical and optical principles

Mechanical engineering

Data collection/analysis

Work with project managers on production efforts...

Careers: Digital Engineers; Electrical Engineers; Textiles Technicians; Designers; First-Line

Supervisors; Electronics Technicians; Industrial Technicians; Machinists; Mechanical Engineers;

Electrical Design Engineers; Semiconductor Manufacturing Engineers; Manufacturing

Engineers; Process Engineers; Fabrication Technicians; Quality Managers

73



. — 0y o N\

Manufacturing USA Occupation & Competency Framework

Planned Development

e v1.5 for release June 2026 J J -
o Revision of framework through 2031 Manufacturing USA
Advanced Manufacturing Occupation
* v2.0 planned for Summer 2027 B Framework

2025

o Full re-analysis through 2032
 Connections to DOL and MyMFGCareer.org
e Build out of useful translation for:

o Industry

Trainers

O
o Academia
O

Hiring Managers / SMEs

[=].::
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MxD Learn Virtual Training

Center Platform

Angela Accurso
Manufacturing USA Network Meeting
May 12, 2026




MxD Learn

Define

ARTNERS IN CONNECTION
g\ THE DIGITAL WORKFORCE
\ SUCCESSION IN MANUFACTURING

THE HIRING GUIDE:
Cybersecurity in Manufacturing

NG e e OIB MODERNIZATION

WORKFORCE
READINESS ROADMAP

[T

a&{mgUSA et

Develop
45

Courses

across digital manufacturing
and cybersecurity

Including:
Digital Design
Data Analytics

Cybersecurity for Al
Machine Learning

CAPITAL CyMOT

coursera

Deliver
400,000

Learners

supported through MxD’s
portfolio of workforce training
programs over the last 9 years




MxD Learn Virtual Training Center AT [ LT

- - . . a skill-evaluation test
All-in-one virtual platform designed to train and future-proof the for a data annotation

manufacturing workforce job and this course
made me feel much
more confident.”

- Maya F.
At a Glance ‘

40,000+ enrollments in 18 months

More than 20,000 courses available across cybersecurity,

Al/machine learning, digital manufacturing, supply chain, B3
operations, and more MxD Content MxD CAPITAL Program

Role-based trainings preparing for success on-the-job

Third-party certifications from the Smart Automation S e
Certification Alliance (SACA) epiiepegl (s |

Microsite capability to rapidly deploy virtual learning to
partners

Microsoft Workplace Beh...

Featured Courses

Lfermced Mamircar g Peceryion Tertrg
mire Conrse

This presentation is the property of MxD. The information contained herein is proprietary and confidential. Do not distribute without permission.



WELCOME TO THE MxD LEARN
VIRTUAL TRAINING CENTER
i raining,

A first-of-its-kind virtual platform for recruiting, t:
and securing the manufacturing workforce

MxD Learn

n n n ARCHITECT MESSACE B ARCHTECT MCRATION, BUSHESE. ARCHITECT NETWORK AZURE FUNZAMENTALS PART §
AND SERVERLESS APPLCATIONS CONTINUITY AND DISASTER INFRASTRUCTURE IN AZURE DESGRIEE CORE AZURE CONGEPT:
I r u a ra I n I n g e n e r o e

Improving Access to Skills
Development

Scan QR Code to
Register for Free




ARM

INSTITUTE

The ARM Institute

Manufacturing USA Update - May 2026
MyMfgCareer.org




How is the ARM
Institute Putting
Competencies Into

Action...

ARM

INSTITUTE

At the core of modern manufacturing,
worker competencies bridge the gap
between advanced technology and
operational success




Robotics Competency Framework Essential
Soft Skills

Robotics Integrator
Applied Industry 4.0

A ted realit System & Teaming
Big data Interoperability ystem & process
virtual reality design Problem Solving
Systems simulation . o . . Offline Computer

Aptitude

Critical thinking

. . 1 Leadership
Robotics Specialist

Advanced Industry 4.0 Conflict Resolution
Safety — Risk Project Vision Sensors Adaptability
assessment management Attention to detail
Advanced robot Robot & system Application Installation . . .
—_—

Robotics Technician
Fundamental Industry 4.0 Interpersonal

Mechanical Maintenance & Electronics & Electrical svstems Communications
= systems troubleshooting controls y

Time Management

=
<
o)
Lo
-
(2]
=)
©
£

Robotics Career Pathways

Active Listening




Competencies are the Key to All Components

RoboticsCareer.org:
Supporting the Nation’s

Robotics Workforce
Competency
Framework
|dentify the necessary Advanced Manufacturing Assess and Foboties
Credential
robotic competencies refente Pathways
Understand the Advanced Manufacturing robotic
career pathways
: : - RoboticsCareer.org
Find the right training for the pathways Asset map of
Personal robotics-
. . .. Career specific
Highlight the best training programs Tracking educational

programs

Find the right job and narrow skills gap

Highlight career and competency progression
ARM Institute

X Job Matching Program
Assess the skills through VR/AR Endorsement




RoboticsCareer — Powered by SkillsMatch ™

Track Your Career Journey and Goals Connect to Personalized Job and Training Matches
Explore Jobs

Showing 2078 Results

4

Your Robotics Career in
Manufacturing Starts Here f - ) 4
Help Me Find Training or Jobs Find Training on My Own > Search Jobs on My Own > | l Y

3 et

FindJobs  FindTraing Programs v Resources v Sinin
e E. P
) ’
.
.

EFricifis

Find the Most Effective Training Programs

150+ 16,700+ 18,0000+

Articles Training Active Job &

Programs Internship
Postings




Data Analytics and Workforce Readiness

ARM

INSTITUTE

Powered by ARM Institute © 2023

View by Competency

All

View by Credential

Credentials Desired Credentials Earned

11.29% Certificate... 11.99%

Academic credits
Micro-crede... 6.05%

8.03% App... 10.1...
Master"... Associat...
6.47% 12.84%

Journey...
8.77%
Bachelor's ...
Industry/On-th... 10.38%

4 2 3 8 . Users by State
[#

Registered Users

Competency Profile Completeness
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Competencies Users Have vs. Users Want
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Growing Usage of RoboticsCareer
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RoboticsCareer Usage by Year
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How to Expand
RoboticsCareer.org
to All Advanced
Manufacturing
Needs...

ARM

INSTITUTE

MyMfgCareer.org

Find Your Future in
Advanced Manufacturing

Wherever you are in your journey, we'll help you find your fit and connect with
jobs and training in Advanced Manufacturing today!

Find Jobs Find Training

Thousands of opportunities
exist nationwide

Whether you're starting out or seeking a change, a robotics career in
manufacturing could be the perfect fit. Our partner institutes offer
competency frameworks that guide you toward the training, skills, and
opportunities shaping the future of advanced manufacturing.

55 Why should | ider a career in f ing? v
’c;a What kind of education is typically needed? v
,Aff What types of jobs are available and what do they pay? v

View all FAQs >




MyMfgCareer.org Roadmap

ARM | 4BioMADE.

OA
\ / v4

N
biofabusa ’; : Manufacturing

Manufacturing the Future of Biofabrication - ®
— USA

NEXTFLEX ’A\Ile

America Makes ra YIrAd
PHOTONICS

A R M Phase 1 Phase 2 Phase 3




Audiences Served

Explore career
alternatives

Explore career
alternatives

Curate job
opportunities

Align training
to industry
standards

Add/edit
competency
framework

Match to
specific job

opportunities

Match to specific

training
opportunities

Identify and
connect
w/talent

Reach boarder

audience

Curate jobs
and training

MyMfgCareer.org

Register
and/or apply

Register
and/or apply

Hiring Guide
resources

Endorse
training
program

Add/edit
resources

Business Analytics

Standardized Skills
and Competencies

Additive Mfg.

Cybersecurity

Robotics

Skills from
other Mlls

Outcomes

Stronger
educational
pipeline

Next-generation
manufacturing
workforce

Regional insight
into talentand
training needs




Find Your Future in
Advanced Manufacturing

Wherever you are in your journey, we'll help you find your fit and connect with
jobs and training in Advanced Manufacturing today!

Find Jobs Find Training

Thousands of opportunities
exist nationwide

Whether you're starting out or seeking a change, a robotics career in
manufacturing could be the perfect fit. Our partner institutes offer
competency frameworks that guide you toward the training, skills, and
opportunities shaping the future of advanced manufacturing.

Why should | consider a career in manufacturing? v

—>> What kind of education is typically needed? v

" What types of jobs are available and what do they pay? v

View all FAQs >




Explore Careers Driving the
Future of Manufacturing

Each career represents a key area of innovation and connects you to
related skills, training, and job paths.

<o <o <o
Additive Manufacturing Al Cyber Security

Using advanced 3D printing Centers on developing and applying Focuses on protecting digital systems,
technologies to design and produce intelligent systems that optimize networks, and data from threats,
innovative, high-performance parts production, enhance quality, and ensuring that advanced technologies
across industries like aerospace, enable data-driven decision-making and connected operations remain
defense, and healthcare. across every stage of the secure, resilient, and reliable across
manufacturing process. the production environment.

Explore Career > Explore Career > Explore Career >

e e

Hybrid Electronics Robotics

Involves designing and producing Focuses on designing, building, and
flexible, lightweight electronic maintaining automated systems that
systems that combine printed circuitry improve efficiency, precision, and
with traditional components to power safety across modern production
innovations in wearables, medical environments,

devices, aerospace, and beyond.

Explore Career > Explore Career >




Career Paths

nced Manuf

Artificial Intelligence (Al)
Career

Artficial inteligence in manutacturing 1urms shop-looe ¢

es, 3 img
o create high

g fai

ata pipel

ten for Artrcial inteligence

Al Data Technician Competencies

e and maintain o Al Mogel Safety & Security Adherence Data Cobection
OusEihics  Dutalsbeing  DataUinesge
. - DutaVerifeson  Model Catbeation
Typical Job Activi
Model Test Imglementation  Model Usization

+ Collect, verity, and

production ¢
+ Maintain data lineage and ethica’

Job Overview

Co

+ Al Data Annotats
ataset Coordin

+ Data Quality Ansly

Video Gallery

Al Data Annotation Explained in Transforming Manufacturing Data Quality Explained
Under 2 Minutes with Al: From Data Analytics to. " P

Career Paths

. Rebotics

facturing-boo ty. qualty

tory floor. From

ow, well paid roles 9108 the
egrating advanced sutomation there's a pathway

ceft require a four-year degree.

Robotics Technician Competencies

Entrydevel role focused on day-to-dsy maintenance and safe operation of Bectrical Sy Bacuosios 8 Ossel
robotic systems on the manufacturing flooe
FludPower  Mantenance & Trousleshooting

Typical Job Activities Mechasical Systerms

+ Supervise and instruct robots on exi

PLC (Programmable Logie Controliers)

Rsbot Programming  Safety (Systems & Procederes)

data for machine bearing aigorithns

Job Overview

+ Work with the team 10 identify and solve I

Common Job Titles

MMA/GED,  Entry-Leves

- Entry L
+ Assembly Oper

Video Gallery

ARM Endorsed Training Program Smart Pendant with Smart Meet Shane & Alex (Oberg
Pittsburgh Technical College. Pattern and HC10 Industries Apprentices).




r‘} Mnygcareer Jobs Training Programs Career Paths Resources VvV

Additive Manufacturing Artificial Intelligence Cybersecurity Hybrid Electronics Robotics

Cybersecurity Career

Cybersecurity is critical to modern manufacturing. As the most targeted sector
for cyberattacks, manufacturers need skilled professionals to protect operations,
secure data, and maintain resilience. Careers in cybersecurity offer opportunities
to safeguard advanced technologies, prevent disruptions, and ensure national
security. Whether you're starting out or advancing your expertise, cybersecurity
roles are in high demand and provide competitive salaries.

Learn more about the institute leading innovation for Cybersecurity.

MxD Virtual Training Center Workforce Readiness Guides




Quiz to Assess Career Pathways

Take the quiz to match your
interests to a career

Answer [#] questions to find your ideal career match.

Take Quiz >

92% Top Match

Additive Manufacturing
Technician Role

Lorem ipsum dolor sit amet consectetur adipiscing elit. Quisque
faucibus ex sapien vitae pellentesque sem placerat. In id cursus
mi pretium tellus duis convallis.

[C 1 [C 1 [C 1

Explore Role ->

Next best match

81% Match

Robotics Technician Role

Lorem ipsum dolor sit amet consectetur adipiscing elit. Quisque
faucibus ex sapien vitae pellentesque sem placerat. In id cursus
mi pretium tellus duis convallis.

[c 1 [c 1 [c 1

Explore Role =




Partner Institutes

Meet the institutes driving innovation and shaping
tomorrow’s manufacturing workforce.

YRR
America Makes

America Makes

America Makes convenes government, industry, academia
the workforce, and economic development organizations to
accelerate additive manufacturing (AM) adoption and
support global U.S. manufacturing competitiveness

Explore Institute >

MxD

MxD (Manufacturing x Digital) advances economic
prosperity and national security by strengthening U.S.
manufacturing competitiveness through technology
innovation, workforce development, and cybersecurity
preparedness.

Explore Institute >

%V insTiTuTE

ARM Institute

The ARM Institute leads the way to a future where people
and robots work together to respend to our nation's
greatest challenges and to develop and produce the world's
most desired products.

Explore Institute >

NEXTFLEX

NextFlex

NextFlex strengthens U.S. manufacturing through hybrid
electronics—combining printed circuits with thin
semiconductors to create flexible devices that bend and
stretch.

Explore Institute >
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THE SMART MANUFACTURING INSTITUTE

Scaling

Workforce Education on
Smart Manufacturing
with Micro-credentials
and Training of Instructors

Conrad Leiva
VP Ecosystem and Workforce Development, CESMII




Smart Manufacturing — Competency Framework

OT-IT
. N Production Executive "Citizen OT-IT Mfg/Process
Smart Manufacturing Skill Areas . o . Implementer &
Operator Leadership Technologist Engineer )
Architect
Smart Manufacturing - Introduction, Concepts, Benefits, Examples
SM Introduction, Strategy, Concepts, Roadmap Steps, Business Benefits, Examples. Relate and contrast with IloT, Remember, Evaluate, Apply, Analyze,  Apply, Analyze, Understand,
Industry4, digital twin, digital thread initiatives. Understand Create Evaluate Evaluate Apply
Smart Manufacturing - Capturing and Organizing Data
SM Essentials, 11oT, OT/IT integration, Edge & Cloud Computing. IloT sensors, wireless networking, data gateways, edge Remember, Understand, Apply, Analyze, Understand, Evaluate,
and cloud services. Understand Evaluate Evaluate Evaluate Create
Data Sources, Contextualization, Aggregation, Exchange and Storage. Interoperability, information modeling publish- Remember, Understand, Apply, Analyze,  Apply, Analyze, Evaluate,
subscribe vs request-response messages. Big Data, Data Lakes, Data Mesh, Blockchain. Understand Evaluate Evaluate Evaluate Create
Smart Manufacturing - Providing Insights for Enhanced Decision Making
Data Visualization, Manufacturing Metrics, Data-driven decision making, Big Data Analytics. Data Literacy, dashboards, Understand,  Apply, Analyze, ~ Apply, Analyze, Evaluate, Evaluate,
SPC, value of data for the business. Apply Evaluate Evaluate Create Create
Augmented Worker, Interfacing Human and Machine. Interactive AR/VR. Tablets, Wearables. Semi-autonomous Understand, Understand, Apply, Analyze, Evaluate, Evaluate,
systems, worker Al assistance. Apply Evaluate Evaluate Create Create
Smart Lean Manufacturing, Digital Lean. Information and Value Stream Analysis. Digital enhanced complex problem Understand, Apply, Analyze,  Apply, Analyze, Evaluate, Apply, Analyze,
solving, DMAIC, root-cause analysis, continuous process improvement. Apply Evaluate Evaluate Create Evaluate
Digital Supply Chain and Smart Manufacturing for transparency, traceability, resiliency, and orchestration in the supply Remember, Apply, Analyze, Apply, Analyze, Evaluate,
chain. Optimize inventory, trouble-shoot logistics, and assess business continuity risk . Understand Evaluate Evaluate Create
Smart Manufacturing - Connecting Data, Platforms and Systems
Integration of Modular Applications and platforms for manufacturing operations management. Considerations for Understand, Apply, Analyze,  Apply, Analyze, Evaluate,
architecting SM systems and connecting apps. Leveraging edge and cloud computing. Evaluate Evaluate Evaluate Create
Methodologies towards a Digital Thread and Digital Twins. Data collection for product and process digital twin analysis. Understand, Apply, Analyze, Evaluate,
Digital thread in product lifecycle management. Evaluate Evaluate Create
Smart Manufacturing - Automating Flow and Control
Automating Logic and Control, Optimization of Resources/Energy, Process Modeling, Simulation, Predictive Analysis, Understand, Apply, Analyze, Evaluate, Apply, Analyze,
Machine Learning/Al. Semi-autonomous decisions, triggering workflow and human intervention for non-routine Evaluate Evaluate Create Evaluate
Cybersecurity
Industrial Cybersecurity Risk, Policies, and Tools. Data Ethics. Tools for multiple layers of protection in the SM Remember, Remember, Apply, Analyze,  Apply, Analyze, Evaluate,
infrastructure. Cybersecurity framework. Understand Understand Evaluate Evaluate Create

i



Skills/Competency Frameworks Inform Education

omr
s facturing SKil A Production  Bxecutive  "CitizenOTT  Mig/Process | 0T
mart Manufacturing reas Operator Leadership  Technologist" Engineer Pl
Architect
Smart Manufacturing - Introduction, Concepts, Benefits, Examples
SM Introduction, Strategy, Concepts, Roadmap Steps, Business Benefits, Examples. Relate and contrast with lloT, Remember, Evaluste,  Apply, Analyze, Apply, Analyze,  Understand,
Industryd, digitaltwin, dgital thread initiatives. Understand Create Evaluate Evaluate Apply

Smart Manufacturing - Capturing and Organizing Data

SM Essentials, lloT, OT/IT integration, Edge & Cloud Computing. IloT sensors, wireless networking, data gateways, edge Remember,  Understand,  Apply, Analyze,  Understand, Evaluate, T h e com p ete n Cy fra mewo rkS | n fO rm:

and cloud services. Understand Evaluate Evaluate Evaluate Create
C lization, A ition, Exch: d Storage. ity, information modeling publish- Remember, Understand,  Apply, Analyze,  Apply, Analyze, Evaluate,
subscribe vs request-response messages. Big Data, Data Lakes, Data Mesh, Blockchain. Understand Evaluate Evaluate Evaluate Create
Smart Manufacturing - Providing Insights for Enhanced Decision Making
Data Metrics, Data-driven d making, Big Data Analytics. Data Literacy, dashboards, Understand,  Apply, Analyze,  Apply, Analyze, |IJEvaluate) Evaluate,
SPC, value of data for the business. Apply Evaluate Evaluate Create Create .
e ot tarfcig o and ochin, eracve AR Tabis,Wearbe S tanmovs ndrsans, | Undersan, | ey e, [ENERISER RS Career Credentials
systems, worker Al assistance. Apply Evaluate Evaluaty Create Create
Smart Lean Manufacturing, Digital Lean. Information and Value Stream Analysis. Digital enhanced complex problem Understand,  Apply, Analyze,  Apply, Analyze,  Evaluate,  Apply, Analyze, PathWayS DeVeIOpl | ent
solving, DMAIC,root-cause analyss, continuous process improvement. Apply Evaluate Evaluate Create Evaluate
i hain and Smart ing for traceability, resiliency, and orchestration in the supply Remembenll Apply, Analyze, Apply, Analyze, | Evaluate,
chain. Optimize i /. trouble-shoot logistics, and busi . Understand Evaluate Evaluate Create
Smart Manufacturing - Connecting Data, Platforms and Systems
Integration of Modular Applications and platforms for operations < ions for Understand,  Apply, Analyze,  Apply, Analyze,  Evaluate,
architecting SM systems and connecting apps. Leveraging edge and cloud computing. G Gelee Evaluate Create Vi

Methodologies towards a Digital Thread and Digital Twins. Data collection for product and process digital twin analysis. Understand, Apply, Analyze, | Evaluate,

o
Digital thread in pAraduct lifecycle rnanag:mer\t, Evaluate Evaluate Create CU I CU| um 9, 2 E m ployee
Smart Manufacturing - Automating Flow and Control D evel opm ent N A ssessment

Automating Logic and Control, Optimization of Resources/Energy, Process Modeling, Simulation, Predictive Analysis, Understand,  Apply, Analyze, Evaluate, Apply, Analyze,

Machine Learning/Al. Semi-autonomous decisions, triggering workflow and human intervention for non-routine Evaluate Evaluate Create Evaluate
Cybersecurity

Industrial Cybersecurity Risk, Policies, and Tools. Data Ethics. Tools for multiple layers of protection in the SM Remember, Remember, Apply, Analyze,  Apply, Analyze, Evaluate,

infrastructure. Cybersecurity framework. Understand Understand Evaluate Evaluate Create

Employer Job
Descriptions

Training
Guidance [[oo

.—1
mop

e ->

Manufacturing USA q .
Advanced Manufacturing Occupation TIER 6: Occupation or Employer Specific
and Compotency Framework C .
ompetencies
2025 pe
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CESMII-Amatrol SM Learning System

Wired & Wireless Sensors, PLC, HMI, Edge & Cloud Platform, Security, Analytics, Data Analysis Skills
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SMART AUTOMATION CERTIFICATION ALLIANCE

CA Smart Manufacturing Micro-credentials

C-217 Smart Manufacturing Fundamentals

The purpose of this credential is to certify that individuals can describe the principles, technologies, and applications of Smart Manufacturing, Industry 4.0, and the Industrial Internet of Things (lloT) and how they affect the competitive position of
manufacturers. Further, individuals must be able to safely operate basic smart automation systems that use Human Machine Interface (HMI) panels, monitor system operation parameters and energy usage using HMI visualization software, and connect/test
to smart devices through point-to-point Ethernet communications.

C-218 Smart Manufacturing Data Acquisition

The purpose of this credential is to certify that individuals can identify types of manufacturing data and its function, describe how smart manufacturing data is collected and stored, set up and operate a dedicated cloud-based data acquisition system,
interface and test analog and discrete sensing devices, configure and test wired and wireless Ethernet communications to sensors, and view data stored in a dedicated data acquisition system.

C-219 Smart Manufacturing Visualization and Data Analytics

The purpose of this credential is to certify that individuals can organize and interpret data using a variety of visualization methods, set up and operate visualization displays using dedicated and controller-based data acquisition systems, set up programmable
controllers to collect data, configure Bluetooth technology to transfer information between devices, use OPC server software to facilitate data exchange between a smart device and a database or another smart device, set up Excel Spreadsheet, and use Excel
to analyze data.

C-220 Smart Manufacturing Data Transmission and Cyber Security

The purpose of this credential is to certify that individuals can assess potential cyber security threats to an industrial smart manufacturing system and data transmission methods, use best practices to protect stored and transmitted data against cyber
security attacks, respond effectively to cyber security attacks, and set up secure industrial local area networks and firewalls.

C-221 Smart Manufacturing OT-IT Integration (Coming Soon)

The purpose of this credential is to certify that individuals can configure and operate various types of edge and cloud software including SCADA, OPC-UA server, MQTT broker, and SQL Database to enable real-time data exchange with open standards
like ISA-95, OPC UA and MQTT between automation equipment and lloT sensors (a.k.a. Operational Technology — OT), and enterprise systems like Manufacturing Execution Systems (MES) and Enterprise Asset Management (EAM) systems
(considered part of the Information Technology systems —IT) . Individuals shall also demonstrate the ability to configure various types of visualizations and organization of the data for use in dashboards and analytical applications.

C-222 Smart Manufacturing OT-IT Semi-autonomous Intelligence (Coming Soon)

The purpose of this credential is to certify that individuals have the foundational skills for designing and working with a Uni‘iec. Narnespace (UNS) to organize and contextualize lloT data from industrial systems. Individuals will demonstrate the ability to

collect, model, and prepare operational data for downstream use, including analytics and Al-enabled applications. The credential emphasizes preparing high-quality, well-structured data suitable for programmatic or Al-based workflows, and includes
practical experience using Python to access, transform, and analyze industrial data.

How to Leverage Micro-Credentials for Workforce Education Development
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SMART AUTOMATION CERTIFICATION ALLIANCE

SACA Industry 4.0 Micro-Credentials

C-201 Electrical Systems 1

C-202 Electric Motor Control Systems 1
C-203 Variable Frequency Drive Systems 1
C-204 Motor Control Troubleshooting 1
C-205 Sensor Logic Systems 1

C-206 Electrical System Installation 1
C-207 Programmable Controller Systems 1
C-208 PLC Troubleshooting 1

C-209 Pneumatic Systems 1

C-210 Mechanical Power Systems |

C-211 Industry 4.0 TPM

C-212 Ethernet Communications 1

C-213 Smart Sensor & Identification
Systems 1

C-214 Smart Factory Systems 1

C-215 Robot System Operations 1

C-216 Robot Systems Integration 1

Plus more new micro-credentials in-process...

T

C-217 Smart Manufacturing
Fundamentals

C-218 Smart Manufacturing Data
Acquisition

C-219 Smart Manufacturing Visualization
and Data Analytics

C-220 Smart Manufacturing Cyber
Security

C-257 Process Control Systems 1

C-258 Process Control Troubleshooting 1
C-302 Laser Shaft Alignment 1

C-303 Electric Motor Troubleshooting 1
C-304 Pneumatic Troubleshooting 1
C-305 Industrial Electronic Systems 1
C-306 Industrial Electronic Systems 2
C-307 Electronic Systems Installation 1
C-311 Data Analytics 1

C-308 Variable Frequency Drive
Systems 2

C-309 Programmable Controller
Systems 2

C-310 Ethernet Communications 2
C-312 Robot Systems Integration 2
C-313 Smart Factory Systems 2
C-351 Predictive Maintenance 1
C-356 Process Control Systems 2
C-358 Autonomous Mobile Robot
Systems 1

C-359 Programmable Controller
Systems 3

C-360 Motion Control Systems 1
C-361 Programmable Conveyor
Systems 1

C-362 Machine Vision Systems 1



Specialist Roles provide Pathway Options

Industrial Automation and IT Integration Specialist

C-222 Smart Manufacturing - OT-IT Integration [new]

C-220 Smart Manufacturing - Data Transmission & Cybersecurity
C-219 Smart Manufacturing - Visualization and Data Analytics
C-218 Smart Manufacturing - Data Acquisition

C-217 Smart Manufacturing - Fundamentals

C-214 Smart Factory Systems 1

C-213 Smart Sensor & Identification Systems 1

C-212 Ethernet Communications 1

I C-221 Smart Manufacturing - OT-IT Semi-autonomous Intelligence [new]

Control Systems Specialist

C-208 PLC Troubleshooting 1

C-207 Programmable Controller Systems 1
C-206 Electrical System Installation 1
C-205 Sensor Logic Systems 1

C-204 Motor Control Troubleshooting 1
C-203 Variable Frequency Drive Systems 1
C-202 Electric Motor Control Systems 1
C-201 Electrical Systems 1

R Machine/Process Operator — Level 4

~

C-104 Associate - lloT, Networking & Data Analytics
C-103 Associate - Robot System Operations

C-102 Associate - Advanced Operations

C-101 Associate - Basic Operations



Education/Career Pathway with Micro-Credentials

|FICATIONS
KABLE CREDENT|
STAC BS or BAS DEGREE

AA or AAS DEGREE UNIVERSITY

COMMUNITY COLLEGE » 120 Credits
. 60-75 Credits = 24-32 SACA100/200/300

Level Certs
DUAL CREDIT » 16-20 SACA 100/200 Level Certs

HIGH SCHOOL

= Grades 9-12
9-12 Credits
= 1-4 SACA 100 Level Certs

SEMI-SKILLED JOBS MIDDLE-SKILLED JOBS

= Industry 4.0 Operator Level | - Industry 4.0 Automation Technician - Industry 4.0 Automation Technician - Applied Industry 4.0 Automation
= Industry 4.0 Operator Level Il Level | Level Il Engineer Il
- Operations Supervisor - Maintenance Supervisor = Manufacturing Engineer
- Applied Industry 4.0 Automation - Manufacturing Manager
Engineer | « Procurment Specialist

= Technical Sales

How to Leverage Micro-Credentials for Workforce Education Development

I
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SM Instructor Academy

SM Credential Aligned Community College Instructor Academy

* Instructor Academy and Hub for SM
Skills in the region

» SACA Certification-Based Courses

* Professors leave with curriculum and
exercises

* Hybrid online and in-person

« Smart Factory, SM Learning System,
and Digital Twin VR software

 Training Assessment for fast tracking
worker learning

MART AUTOMATION CERTIFICATIG

S
INDUSTRY 4.0 CERTIFICATION

Smart Factory

C-217 Smart Manufacturing

Fundamentals
E o aaciau

IT AJM tExXAs asm

[ ]
THE SMART MANUFACTURING INSTITUTE

_ i W
SACA

VR/digital twin

Copyright © 2024 CESMII - All Rights Reserved. ﬁ



Hybrid Online and Hands-On Courses

. )
Smart Manufacturing Courses (SACA Aligned)
——

AMATROL|

MX75217 - Smart Manufacturing - Fundamentals (Aligned with SACA C-217) = o
MX75218 - Smart Manufacturing - Data Acquisition (Aligned with SACA C218)

MX75219 - Smart Manufacturing - Visualization and Data Analytics (Aligned with SACA C-219)

The Smart Manufacturing Visualization and Data Analytics eLearning course covers data visualization and data analytics. Learners will study visualization tools, database concepts,
data exchange applications, and Bluetooth data acquisition.

The Smart Manufacturing Visualization and Data Analytics course prepares learners to earn the SACA C-219 Smart Manufacturing Visualization and Data Analytic
which certifies that individuals can organize and interpret data using a variety of visualization methods, set up and operate visualization displays using dedicated

data acquisition systems, set up programmable controllers to collect data, configure Bluetooth technology to transfer information between devices, use OPC sel
facilitate data exchange between a smart device and a database or another smart device, set up Excel Spreadsheet, and use Excel to analyze data.

SM Learning System: 990-SM10CL
+99-SM10B - Data Analytics Learning Kit

Hands-on Exercises:
Identify the type of variation given a cause
Calculate the mean and range of a data set
Manually record process data and analyze an X-barand R chart
Use SPC software to create an X-bar and R chart
Configure a visualization software dashboard and trend chart
Configure an OPC-UA server to transfer data from a PLC to an
Excel spreadsheet
Use Excel to analyze exported data through histograms and
Pareto charts
Configure and pair a Bluetooth device barcode reader
Use a barcode reader to transmit data to a data acquisition
system

Learning topics include:
Visualization Tools
Smart Manufacturing Visualization and Data
Database Concepts

Data Exchange Applications
Bluetooth Data Acquisition

Copyright © 2024 CESMII - All Rights Reserved.



Goal is to Scale SM Education Nationwide...




CESMII-Endorsed SM Education B

()
THE SMART MANUFACTURING INSTITUTE

ENDORSED

Education Catalog To achieve its education mission nationwide, CESMII collaborates with various

education and training organizations that share its goals and offer courses
aligned with the First Principles of SM. CESMII evaluates and offers guidance to
educators offering SM courses/programs seeking CESMII-Endorsed status.

Workforce = - > TEXAS A&M o
Training Programs @ Rensselaer £} Toouncu  SME I| SNV ER ST pJ PennState

NC STATE ﬁ@ 3 ifornia State University
Learn More NIVERSITY UNIVERSITY rthridge

[ S

LEVELAND STATE

WY WestVirginia o PURDUE THE UNIVERSITY OF
¥ University ' WUIEY ) rexas ar i1 1aso
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THE SMART MANUFACTURING INSTITUTE

Purchase a
Smart Manufacturing
Learning System &
Get Your Teams Trained!

Train the workforce with our
educational resources,
hardware kits, software,

datasets, & curated
exercises.

Education Programs & Resources

Use Micro-credentials to
Guide Curriculum for
SM Education Programs

SACA micro-credentials
provide guidance for
curriculum so students and
workforce start accumulating
stackable credentials.

Train and Equip
Instructors to Teach SM
Skills

The Instructor Academy
trains instructors to teach SM
skills with courses aligned to
SACA micro-credentials and

hands-on competency
exercises using the CESMII-
Amatrol SMLS.

Verify plans for SM
Education

Have CESMII subject matter
experts provide review and
advisory services for the
development of curriculum
and hands-on exercises for
Smart Manufacturing
education.

O
020

Join CESMII and
become a member of this
great ecosystem

Work with peers that are
advancing Smart
Manufacturing practices in
their companies and
ecosystem.




¥7CESMIT

THE SMART MANUFACTURING INSTITUTE

Ecosystem to
Support Manufacturers

conrad.leiva@cesmii.org
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NIIMBL Workforce
Impact Assessment
Framework

A tool for standardizing and aligning

communication about workforce
development ROI

John Balchunas
Workforce Director, NIIMBL
May 2026

Funding provided by Gates Foundation

I7A

ManufacturingUSA




- S DO N\

Measuring Workforce Impact: A Problem Statement

Current State Impact Assessment Framework
ﬂWD initiatives cannot be\ (Establishes a standard, \ * Consistency: Ecosystem-wide

holistically evaluated or consistent approach for agreement on process and
assessed as funders have assessing impact across key components of effective
different metrics audiences workforce initiatives

* Securing funding, advancing * Guides the successful * Effectiveness: Industry needs
innovative ideas, and development, are met by better designed
effectively demonstrating implementation, and and implemented initiatives
ROl is challenging tracking of workforce * Efficiency: Increased

* Emerging regions lack the initiatives opportunities to more
knowledge and best * Framework-informed effectively leverage and build
practices to design impactful initiatives can become a upon best practices
solutions model for emerging

/ vrganizations /
’é’é‘ 111

ManufacturingUSA 111
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Community-Driven Socialization for Solutions

NIIMBL conducted an extensive review of existing frameworks and engaged its broader
workforce community in partnership with Nexight Group to design a solution.

We realized that:

 Workforce initiatives fall
into three broad buckets

« Impact can be seen and

Non-Degree Industry-Aligned Career Outreach &

Programs Degree Programs Awareness
felt across multiple Industry & Learner Programming Business
dimensions Partner ROI Impact & Instruction Processes

- Workforce initiatives and
impact signposts vary by Plan Develop Pilot Sustain
maturity

) 3 X "

ManufacturingUSA

112
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Let’s look at industry and partner ROI for a
mature/sustained non-degree in initiative...

Contextualizing a Solution

ASSESSMENT QUESTION: To what extent does the initiative continue
to provide return on investment to industry?

BASELINE MEASURES EXEMPLARY MEASURES

Qualitative positive feedback (e.g.,

Cross walking these three facets yielded
an incredibly rich, meaty, and dense

framework.

Align initiatives with cur
projected workforce needs

Learner Impact
Enhance learner skill marketability
and career opportunities

Programming & Instruction
\pp

ly best practices to optimize
instructional effectiveness

Effective Business Processes
Support initia uC hrough sound
rational planning and practices

Framework Impact
EFFICIENCY

Industry-aligned best practices for
developing or improving initiatives

CONSISTENCY
Standard methods for assessing
and communicating initiative
impact

EFFECTIVENESS
Successful initiatives that better
meet industry needs

Quantltatlve data from Industry that

testimonlals) from Industry that ates

Industry‘s percelved valpe of the Initlative
Examples: reduction in unfilled positions or
time to fill, more qualified candidates, reduced
employee time to contribution, improved
employee performance

D ated Imp of data
collection, management, analysis, and
reporting plan, including key stakeholders,
methods, and frequency
* Clearly defined key performance indicators
and benchmarks

ates Industry’s sustalned value from

the Initlative over time

*  Alignment with industry market data, including
occupations, current and anticipated positions
to fill; demonstrated contributions to industry
success and growth (e.g., regional expansion)
Data comparisons of initiative participants
with similar groups who did not participate
Examples: number of initiative participants
that industry interviews, hires, or promotes;
reduction in unfilled positions or time to fill;
reduced employee time to contribution;
longitudinal improved employee performance
and retention; time to promotion; skills
competency scores

Multiple methods used for collecting and

reporting data on Initlative Impact

* Collection examples: survey/feedback forms,
interview, roundtable, focus group
Reporting examples: Industry case studies and
testimonials that can be used in future

initiative marketing and communications

types of impact levels content
pages

initiative dimensions maturity> 200+

=

ManufacturingUSA
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2026 Impact Framework Rollout & Future Plans

« Self assessment tools will provide a
user-friendly mechanism for “digesting”
the treasure trove of guidance.

« Sets the stage for future institute work
around “endorsement” of impactful
workforce programs.

« Future plans to develop consultative
capacity in applying framework to new
and emerging initiatives.

M.

ManufacturingUSA

ABOUT THE FRAMEWORK

To help meet the growing workforce needs of the biopharmaceutical manufacturing industry, the
National Institute for Innovation in Manufacturing Biopharmaceuticals (NIIMBL) has rolling out a

suite of tools to standardize how the community can:

e Evaluate feasibility of proposed workforce initiatives and programs
e Maximize and communicate the impact of existing workforce initiatives
e Facilitate program benchmarking and comparison through standardized metrics

o-9-0

1 AN

I X~

0O-o-0

Framework Self-Assessment

Comprehensive report Web-based assessment to
and “database” of help organizations identify
activities, considerations, initiative strengths and
and measures that define areas for enhancement,
industry-informed best supplemented by guidance
practices for initiative from NIIMBL on effectively
development and collaborating with industry

sustainabilitv

eEY

NIIMBL Endorsement
Program

Industry program
endorsement based on
guidance and measures
outlined in the
framework

Anticipated future launch

114
114



ACE, METAL and Internships:
Scaling Successful Workforce

Programs

PA NCE METAL




aeimi Scaling Workforce Impact
N 24,300+ Online Registrants

Hub-and-Spoke Workforce 7,000+ Bootcamp Participants
Model 56 Partner Sites Across 17 States

« Central program design,
standards and data
systems

IACMI provides
curriculum framework,
credentials and quality
control

Sites adapt delivery to
local workforce needs

72 ACE ' METAL




Why Partnerships Matter
« Contracted partners bring:
— Existing relationships
with employers
— Specialized technical

and training
expertise
* Diverse partner network

Increases resilience and
adaptability

« Partners = force multipliers
» Faster deployment
« Outcome-based accountability

MET: 4L
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Momentum
e Clear workforce deliverables

« Standardized data collection
across partners

How ACE and METAL Built ,-,!v!f

— Enables cross-region comparison
— Continuous improvement

— Stronger storytelling to funders
and industry

Industry credibility increases




1IaCIN
ower Cost, Higher impact

INST]

MeTALDigital  \WWhat Enabled Sustained

Technologies

in Casting GrOWth

Bootcamp B|ended ]CU ﬂdiﬂg Strategy
— Federal resources

— State and regional
workforce funds

— Employer investment

D composites Co-investment aligns
y  Bootcamp Incentives and
~ strengthens employer
commitment

Results improve while
cost per participant
declines over time

METAL LVL1
Casting
Bootcamp

Machining
Bootcamp




Questions?
Thank you

Andrew Pokelwaldt
IACMI Director of
Workforce and Education
andrewp@iacmi.org
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