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Future of Work

• Nature of work changing at unprecedented speeds
• Technology advancements in machine learning, AI, IoT, 

and robotics eliminating some jobs, creating others
• NSF’s 10 Big Ideas pushing new research agenda: 
 “The Future of Work at the Human-Technology Frontier”
 Enable creation of technologies that can collaborate with 

humans to enrich lives and workplaces
This material is based upon work supported by the National Science Foundation under Grant DUE1839567.  

Any opinions, findings, and conclusions or recommendations expressed in this material are those of the 
author(s) and do not necessarily reflect the views of the National Science Foundation.

https://www.nsf.gov/news/special_reports/big_ideas/


FY19 The Future of Work at the Human-Technology Frontier

• Future Workers: Addresses the worker as an 
individual or in small teams, including 
education and training

• Future Technology: Engineering and 
computer science technologies to develop the 
human-technology partnership in future 
workspaces (office, classroom, warehouse, 
farm, and factory)

• Future Work: Considers a societal, 
economic, professional, occupational, 
industrial, or national context

Social & Economic 
Sciences

Computer & 
Information Science

Engineering
Learning Sciences
Human Factors



Powered Exoskeletons for Industrial Applications

1839946: Enabling the functional use of powered exoskeletons for industrial applications and 
understanding the socioeconomic consequences of exoskeleton technology application
Srinavasan (Industrial & Systems Engineering); Ge (Economics); Dunbar (Communication)



ATE Leadership Caucus Keynote

The Future of Jobs
Automation or augmentation?
Mehran Gul
Lead for Digital Transformation Initiative 
World Economic Forum

https://www.weforum.org/agenda/authors/mehran-gul/
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The Automation Jobless
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180815 - Digital Enterprise Ex ...NYC

“Thus technological change (along with other forms of 
economic change) is an important determinant of the precise 
places, industries, and people affected by unemployment. But 
the general level of demand for goods and services is by far 
the most important factor determining how many are affected, 
how long they stay unemployed, and how hard it is for new 
entrants to the labor market to find jobs. The basic fact is that 
technology eliminates jobs, not work”

Blue-Ribbon National Commission on Technology, 
Automation, and Economic Progress











How AI Will Transform Manufacturing and the Workforce of the Future
MAPI Foundation August 2019







The Future 
of Work in 
America
McKinsey Global Institute 
July 2019

https://www.mckinsey.com/featured-insights/future-of-work/the-future-of-work-in-america-people-and-places-today-and-tomorrow




How Will the Future of Work 
Affect Your Community?

List of Cities and Counties by Segment

https://www.mckinsey.com/%7E/media/McKinsey/Featured%20Insights/Future%20of%20Organizations/The%20future%20of%20work%20in%20America%20People%20and%20places%20today%20and%20tomorrow/The-Future-of-Work-in-America-US-county-city-segments.ashx


Enable the NSF-ATE community (2-year colleges) 
to collaborate regionally with industry partners, 

within and across disciplines, on the 
transformation of associate degree programs 

to prepare US technicians for the Future of Work.

Project Mission



1. Industry’s perception of FOW and implications for technician 
education are identified.

2. New technologies and cross-cutting technologies impacting 
technician education are identified.

3. Colleges have new levels of knowledge of future technician’s role.
4. Recommendations are developed to address major challenges.
5. NSF has detailed knowledge of cross-discipline and 

emerging discipline issues relative to FOW.

Overarching Project Outcomes



Project Phases

• 3

Discover Specify Develop Sustain 

2019 2020 2021 2022



Feedback from Educators

From your perspective, what changes in technician education do you 
think will be prompted by FOW-driven issues?
• Entry-level jobs changing at rapid pace will require swift curriculum changes
• Interrelatedness of advanced manufacturing disciplines
• Data, cyber and IT literacy becoming foundational cross-cutting skills
• Effects of AI on “human and machine interface” for all disciplines
• Cross-disciplinary core: How to identify? How to update? 
• Pressure to constantly update skill sets will intensify



Perspectives on 
Industry 4.0 and the 
Future of Work for 
Technicians:
National Industry 
Advisory Board

Feedback from Industry 

http://www.preparingtechnicians.org/industry-advisors.php


What challenges are facing your company?
 The challenge of the here and now
 Uncertainty about the future; the need to be agile
 Access to talent 
 Profitability in an era of customization
 Zero down time; adopting Overall Equipment Effectiveness (OEE) concept
 Machines no longer standalone. Integration of local and global networks invokes 

a requirement for connectivity and a demand for cybersecurity. 

Feedback from Industry 



What implications could they have for technician education?
 Technicians need to be able to bridge virtual and live experiences in the 

workplace.
 Cybersecurity must be taught as a broad subject encompassing physical 

and virtual systems and applied across an organization.
 Embed business context in courses; use scenario learning to demonstrate 

“cross-the-enterprise” approach to problem solving.

 IT students must understand they are digital transformation specialists.

Feedback from Industry 



•

Learning at the Festo Technology Plant — Scharnhausen, Germany

Production plant of the future for valves, 
valve terminals and electronics

Making the future adaptable in the Technology Plant

• Automated and flexible

• Highly flexible, energy-efficient 
assembly lines

• Flexible, flowing production

• An optimised flow of information 
and materials

• Optimised energy consumption

• Energy network for buildings
and production processes

• Learning taken for granted

• Training factory as practical, 
integral constituent

• 29



 “Nothing has changed except the tool set 
and speed of response to technology 
changes.”

 “You can monitor the PLC from the office 
and tell when a machine is about to break 
down. That’s huge in preventive 
maintenance.”

Interview Highlights: Technician



 “There are fewer problems with the new PLCs but the problems 
are more significant when something happens.”

 “One of our core operating principles is making minor and major 
decisions based on factual information. We already push a great 
deal more data down to the floor level to make it both visible 
and actionable by floor level employees. We anticipate the 
reliance on data for worker actions to continue to increase in 
the future.” 

Interview Highlights: Technician Supervisor



 “We’re constantly installing new equipment. 
With new lines, comes new technology –
new robotics, different/more/better 
communication systems. New technology 
is a constant.” 

 “We’ve had 14 of our technicians migrate 
into engineering. What we do every day 
involves the skills of an engineer.”

Interview Highlights: Middle Management



Identified through: 
 Industry Advisory Board input
 ATE Leadership Caucus input
 Industry/education focus group
 Recent business news and research on FOW; 

existing competency models
 Industry site visits and interviews

GOAL: Identify foundational skills for future STEM technicians

Competencies for Technicians of the Future



 Skill Area 1: Advanced Digital Literacy
 Skill Area 2: Business Knowledge and Processes
 Skill Area 3: Data Knowledge and Analysis 

FOW Skill Areas for STEM Technicians



Digital communications and networking; cloud interface; 
cybersecurity; machine learning, sensors, programming

• AI software tools
• automation/robotics 
• basic programming/Python 
• cloud computing 
• digital fluency/vocabulary 
• digital twins
• edge computing 

Skill Area 1: Advanced Digital Literacy

• function block programming 
• human-machine interfaces 
• IoT 
• digital machine learning 
• network architecture
• network/device communication 
• security controls



General understanding of an enterprise, value chain, business 
practices; includes work performance skills as well as ethics 
surrounding use of new technologies. 

• blockchain
• OEE
• business cycles
• communication
• continuous process improvement
• entrepreneurship 
• customer focus 

Skill Area 2: Business Knowledge and Processes

• lean processes 
• market trends 
• production and distribution chain 
• ROI
• risk management 
• supply/demand 
• vertical and horizontal integration 



Skill Area 3: Data Knowledge and Analysis

Interpretation and decision-making

• computational thinking
• data analysis
• data backup and restoration
• data flow from origin to end user
• data fluency/vocabulary
• data management and storage

• data modeling
• use of Excel/spreadsheets
• querying language
• SQL/databases
• statistics
• visual representation of data/business analytics software



Data 
Knowledge
and Analysis

Business 
Knowledge 

and Processes 

Advanced 
Digital 
Literacy

Foundational Skills for 
STEM Technicians



Industry 4.0 Visualization - Aethon



Integrating Industry 4.0 for Community Colleges

What Community and Technical Colleges Need to Do:
1. Instructor training
2. Equipment procurement
3. Interdisciplinary cooperation
4. Curriculum development



Integrating Industry 4.0 for Community Colleges

What Industry Needs to Do:
1. Cross-sector regional engagement 
2. Adopt a common nomenclature
3. Address both the “here and now” and the future of work
4. Start small to address production efficiency and security
5. Invest in workforce training with partners



1. Reach out to employers; discuss what I 4.0 means to their changing 
workforce needs

2. Take an audit of what I 4.0 components are already being taught across 
the college and where

3. Determine which existing curricula can be leveraged or updated across 
departments and form interdisciplinary teams

4. Use stackable credentials and emerging certifications as tools for 
upskilling/reskilling/lifelong learning (cross walk and integrate into 
courses, programs, certificates, degrees)

Integrating Industry 4.0: Next Steps for Colleges

NCATC Industry 4.0 Executive Toolkit

http://www.preparingtechnicians.org/ncatcI40


FOW Considerations for Community & Technical Colleges

Institutional: Robust technology infrastructure
Curriculum/Program Development: 

Responsive programs aligned to the 
technologies of local industry

Students: Armed with skills for the Future of Work



Gateway Technical College
• 3 Counties

• 20,000 Students
• 7,500 High School Dual Credit Students

• 70 Programs• Racine Campus

• Kenosha 
Campus

• Elkhorn Campus

• iMET 
Center

• HERO Center
• Burlington 

Center

• Horizon Center

• Inspire Center

• LakeView Center



Smart Campus Investments

Gateway monitors 400 security cameras throughout the district to collect 
data and keep student safe.

Since 2009, Gateway has had a 25 percent decrease in greenhouse gas emissions. 

Gateway has invested in smart technology, securing student data while increasing 
access to high speed broadband and Wi-Fi services. 

Gateway hosts a system of 45 electronic messaging boards, 25 interactive electronic 
assistance kiosks and a combined 42 videoconferencing rooms and carts.

Gateway has invested in mobile education services, connecting more than 23,500 students, faculty 
and staff to instant data on programs and services they need to succeed. 

High efficiency LED lighting across the district has impacted all aspects of the 
learning environments and college operations. 



Data Analytics Robotics Cyber Security Supply Chain 
Management

Gateway’s
Advanced Manufacturing Buildout

New Courses Including:

https://www.gtc.edu/sites/default/files/files/documents/1530564488/Advanced%20Manufacturing%20Industry%204.0%20brochure%20spreads%20May%202018.pdf


September 2019

Recommendations for 
Building the Future STW:
1. Change the Message
2. Focus on the Data
3. Leverage Federal 

Investments
4. Build Partnerships 



 Industry site visits, podcasts, blog
 Regional convenings of employers 

and educators
 Regional networks and 

recommendations for action
 Professional development for faculty

Project Activities





Related Resources

 World Economic Forum:
o The Future of Jobs 2018
o Globalization 4.0 [April 2019]

 McKinsey & Company:
o The Future of Work in America [July 2019]

 Deloitte: 
o Future of Work Practice Area

 National Science Board: The Skilled Technical Workforce [Sept. 2019]

 HBO Vice Special Report: The Future of Work [2019]

www.preparingtechnicians.org

Questions:
Hope Cotner: hcotner@cord.org

http://reports.weforum.org/future-of-jobs-2018/
http://www3.weforum.org/docs/WEF_Globalization_4.0_Call_for_Engagement.pdf
https://www.mckinsey.com/featured-insights/future-of-work/the-future-of-work-in-america-people-and-places-today-and-tomorrow
https://www2.deloitte.com/us/en/pages/human-capital/topics/future-of-work.html
https://www.nsf.gov/nsb/publications/2019/nsb201923.pdf
https://www.amazon.com/VICE-Special-Report-Future-Work/dp/B07QTK2MG6
http://www.preparingtechnicians.org/
mailto:hcotner@cord.org
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