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In a successtul education-industry eco-system, expanding and improving the system of
education and training across levels (IKK-12; two-year and four-year colleges; graduate and research
institutions) induces productive investment by industry at ever higher levels of value-added.

Education Industry

The relationship is recursive, because industry investment in turn induces greater commitment on
the part of educational institutions to expanding educational opportunity and quality.

In the United States, the clearest examples of these successful institutional eco-systems are local.



I wish to address five questions:

1. What kinds of institutional eco-systems for integrating education and industry are there across
countries and across regions in the United States?

2. What are examples of such eco-systems at different levels:
a. In secondary schools
b. In two-year community and vocational colleges
c. At four-year and graduate/ research level educational institutions

3. What challenges do institutional eco-systems face?



There are many types of such eco-systems across countries (Remington and Yang 2020)
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Liberal model:

Competitive labor market;
competitive educational market;
multiple bilateral school-firm
relationships

Solidaristic model:

Sectoral and regional associations set
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The theoretical setting:

Society faces a trade-off between maximizing the private return and the public return from education.

When the benefits of education accrue mainly to individuals and firms (as in a purely private system of education),
most of the potential benefit to society from the wider diffusion of knowledge are lost; inequality is increased; and
much investment in education is foregone because the expense is borne by individuals and firms.

But firms and individuals may underinvest if they cannot realize the full benefit of their investment?

The frontier remains at a low level relative to its potential.

Private investment/
private returns

Public investment/ public returns



Society can push the production possibility frontier outward by aligning the public and private interests at a higher
level of cooperation by the public, individuals, and firms in educational investment.

Individuals and firms benefit from the higher productivity of a more highly skilled workforce. Both firms and
individuals can realize a higher return from their educational investment. The public realizes a portion of the
returns from higher aggregate productivity.

The challenge is to solve the mutual commitment problem between educational institutions and firms in raising
their level of educational investment.
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Let us start with the state of
South Carolina.

Interstate highway 85, running
from the northeast to the
southwest across the state, is
sometimes called the “upstate
Autobahn” because of the large
number of automobile industry
plants located in and around the
area, many of them foreign.

South Carolina today is home to
over 500 companies in the
automotive industry.
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Civic leaders—politicians and businesspeople—recognized in the 1960s that South Carolina’s traditional
dependence on textile-making and agriculture was leading to economic decline.

They agreed to build a new economic development strategy for the state around higher value-added
manufacturing, which would require a good quality system of state vocational colleges to provide training,

They reformed the tax system (increased income and cigarette taxes), actively recruited foreign companies to
locate production facilities in the state, established a state-wide system of technical colleges, and state and local-

level economic development boards.

They overcame resistance from the old-guard elite with roots in the agrarian and textile economies—which paid
low wages and preserved de facto racial segregation.

Their strategy succeeded. Michelin opened a tire production facility in 1975. Other tire companies came 1n as
well. BMW opened a car assembly plant in 1992.

Since then, 500 automotive industry companies have come to the state. In turn, they have attracted aerospace
companies such as Boeing and Lockheed.

Manufacturing employment is higher in South Carolina today than in neighboring North Carolina or Georgia.



A key to South Carolina’s economic development strategy is the cooperative relationship between industry and

educaton.

This includes 16 technical colleges
as well as K-12 educational
institutions and specialized units of
major research universities such as
Clemson University.

Clemson is a public university, as are
the technical colleges.

The state has made a serious and
sustained commitment to being a
major center for automotive and
other advanced manufacturing
industries, encouraging
complementary commitment on the
part of industry and other
educational institutions.
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For example, Clemson University’s
International Center for
Automotive Research offers MA-
level and PhD degrees in

automotve engineering.

The center collaborates with the

two-year technical colleges and with

industry (it has 50 partners in the
automotive industry in South
Carolina). Faculty research relates
to industry needs.

Research in turn shapes curriculum.

The university is currently
completing construction of a large
research facility dedicated to
advanced materials innovation,
conducting both basic and applied

research on the main campus.

Founded in 2007, the Clemson University International Center for Automotive Research is an advanced-technology research campus
where education, research, and economic development collaborate to create a global venue for the automotive industry.

EDUCATION

CU-ICAR is home to the

CU-ICAR's research portfol en, as is our philosophy, try needs. We cont usly analyze the market
and survey industry partners, industry leaders and automotive companies to determine their technology and R&D
focus. Based on that knowledge, today the research clusters and “technology identity” of CU-ICAR are centered in the
following seven areas:

An associate vice-president of the university serves as intermediary with industry.
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In central Ohio, Intel’s $20 billion investment in two # Home | AbouUs | News | 2022 cive

Columbus State leading new Ohio-wide community college collaboration creating two-year degree pathways to chip manufacturing technician careers at Intel

semi-conductor manufacturing facilities created a need
for manufacturing technicians.

Intel was offered $5.8 billion from the federal
government and another $2 billion from state and local
government in loans and tax credits to build the facilities.

In order to ensure an adequate pool of technicians for
the facilities, Intel invested $2.8 million to build a
network of community colleges using a shared
curriculum for training.

Columbus State Community College is the leading
institution 1n this consortium.

This 1s an example of a locally-based consortium
anchored by a leading firm.

Altogether Intel plans to spend $50 million in Ohio on

education in two-year and four-year schools.

Columbus State leading new Ohio-wide
community college collaboration creating
two-year degree pathways to chip
manufacturing technician careers at Intel

Intel has awarded $2.8 million to support the Ohio
Semiconductor Collaboration Network’s efforts to create open,
shareable curriculum for integration among all 23 community
colleges in the state

Campus News | Thursday, September 8, 2022

Columbus State President David T. Harrison today joins Intel executives, Governor Mike
DeWine, and President Joe Biden at the formal groundbreaking for Intel's leading-edge
semiconductor manufacturing plant in New Albany, which will include the announcement
of the company’s initial grants to Ohio higher education institutions through the Intel
®Semiconductor Education and Research Program for Ohio.

Intel awarded $2.8 million to Columbus State’s proposal of the Ohio Semiconductor
Collaboration Network to develop two-year pathways to semiconductor technician work in partnership with the Ohio Association
of Community Colleges (OACC) and all Ohio community colleges.

In addition to two-year degree development, including bootcamp curriculum along the way toward credentialed education with
workplace learning opportunities, the Ohio Semiconductor Collaboration Network intends to create a coordinated vision to raise
$100 million in supportive public and private sector grants and philanthropic gifts furthering chip manufacturing career education
access for students from all Ohio communities.

Columbus State and OACC leaders will serve as the network’s principal investigators responsible for its administration and
performance, which over three years targets the preparation among all 23 Ohio community colleges of more than 5,000 workers
for Intel, including 33 percent enrollment of underrepresented students.

“Columbus State and Ohio’s community colleges are well prepared to work with Intel and their suppliers to bring a new industry
to Ohio,” Harrison said. “Intel's commitment to workforce equity and diversity is among the most exciting aspects of this work.
The career pathways we'll build together will result in life-changing economic opportunity for thousands of Ohio students and
families, and will go a long way toward establishing a new, equitable standard of prosperity for our state.”

“Ohio’'s community colleges are strong partners in helping employers succeed, which is an important reason why our state’s
workforce is one of the best in the world, especially in advanced manufacturing,” said Jack Hershey, OACC president and CEO.
“Community colleges’ long track record of success on this front is one of the reasons Intel now calls Ohio home. We look forward
to partnering with Intel to build out a statewide collaborative approach to help make this incredible new venture as successful as
possible.”

Intel's Semiconductor Education and Research Program for Ohio was announced at Columbus State in March as part of the
company’s pledge to invest $100 million in education and research collaborations with universities, community colleges and
technical educators in Ohio and across the U.S. The program is designed to help build a pipeline of talent and bolster research
programs. Of its $100 million investment, Intel designated $50 million specifically to Ohio colleges and universities.



This is a picture of Columbus
State Community College,
located just outside of
downtown Columbus, and

close to the new Intel
facilities.
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Like other community colleges, CSCC is
closely attuned to the needs of local business.

And like other community colleges, it serves

both economic and social functions. Semiconductor Careers.

It creates a pipeline of skilled production

workers and technicians for local industry, Preparing Students to Meet the World's Insatiable

contributing both to the economic and social Demand for Semiconductors

development of its surrounding region.
In collaboration with: nktel

The SleS lt fOfmS are nOt proprletary to any There has never been more opportunity for a good-paying job to build the life you want

in central Ohio. Intel establishing an advanced semiconductor fabrication site in the

One ﬁrm’ but are portable. They Can region brings immediate and long-term career opportunities for future students,

current students, job-seekers, and lifelong learners.

therefore help meet the Skl]_l needs Of Other The investment is expected to attract dozens of suppliers from semiconductor
equipment and materials suppliers to a range of service providers, creating thousands
f' : h : d b 1 di h of good jobs in central Ohio. The businesses in the combined ecosystem, known as the
lrms ln t e Same ln uStrYD lnc u ng Supp ers Silicon Heartland, are all going to require top talent. Columbus State Community College
is a leader in preparing students and working professionals with the latest knowledge,

tO maj Or ﬁrms SuCh a,S Intel. skills, experience, and credentials they need for the career they want — now and in the  §

future.

Many of those good-paying jobs are accessible with a two-year Electro-Mechanical
Engineering Technology Associate Degree. In the coming decade, the semiconductor
industry is set to experience substantial growth, with a projected increase in the U.S. of
115,000 jobs. Now is the perfect time to start a degree that will prepare you for a
sustainable career in semiconductor manufacturing.



In Chattanooga, Tennessee, VW | HAMILTON
collaborates with the local public school ‘ E COUNTY

. . sl SCHOOLS
district, the local community college, and
Chattanooga Branch of the University of
Tennessee to build a pipeline of skilled
workers and engineers for its facility.

District

This is the website for the educational
program in mechatronics for the county

school district—combines high school and

» Home

dual credit coursework.

» Mechatronics Akademie at
Volkswagen

» Mechatronics Academy at

VW has related programs with the local Volkswagen Home Page

. » About Us
community college and the local branch of ,
» Prospective Students
U Of Tennessee. » Senior Recognition
» Charter

» Available Choice Seats

The city, county and state actively © How  Abply
COllaborate Wlth \/ OC, Seemg auto \ » Frequently Asked Questions
manufacturing as a path to regional > Choice Procedures

» Explore Our Choice Schools

economic development.

» Alternative Programs

This 1s a typical example of a “parental”
type eco-system.

/(QuickLinks in he . 4 f "D

Students & Families Schools Staff How Do I? Careers

Choose
Hamilton

One District. Endless Opportunities.

Hamilton County Schools / School Choice / Mechatronics Akademie at Volkswagen

N ° e
MAV M ISSIOMN  Mechatronics Academy

Mechatronics Academy at Volkswagen @.
empowers students to excel
1AV

academically and professionally by
integrating essential and technical
skills. We focus on developing robust
communication abilities, research and
presentation skills, and a commitment
to resilience and diversity.
Simultaneously, students gain
proficiency in technical areas with a
focus on mechatronics and electrical
systems.

Meach 3 Acad

< B A A+

Y is a unique partnership between Chattanooga State, Volkswagen, and Hamilton

County Department of Education. Blending high school, dual credit, and dual enrollment courses, this

program is designed to give students a jump start on the path to future success.

Did you miss Preview Night?

You can view the Presentation for more information.




CHATTANOOGA §

COMMUNITY COLL

The main partner of the apprenticeship program is
the local community college—this is for production
line workers and maintenance workers.

2024-2025 CATALOG v

8w <8 ?

Catalog Search

e a  Mechatronics
o Technology, A.A.S.

Catalog Home

Mechatronics integrates the fields of mechanical, electrical, robotics, controls and computer engineering to THE UNIVERSITY OF TENNESSEE Appl
Welcome From The President optimize the functionality of modern engineering systems. CHATTANOOGA Q No
College Vision, Purpose, Values, The Mechanical Systems Certificate balances mechanical, electrical, and automation coursework for students
and Mission Statement interested in pursuing careers in mult-craft maintenance and troubleshooting, engineering services, and About | Academics | Campus Life | Admissions | Athletics | Give | lam.. = | Quick Links ~
equipment installation. The Electrical and Instrumentation Certificate emphasizes programmable logic control
: (PLC), motor control, and instrumentation and calibration for students interested in pursuing a career as a ENGINEERING AND GOMPUTER SCIENCE About CECS ~ | Departments - | Programs ~ | Students - | Social ~
Academics PLC programmer, control systems technician, and Instrumentation and calibration technician
Academic Calendar There are three certificates within the Mechatronics Technology A.A.S. degree.
Academic Divisions Electrical and Instrumentation Systems Technical Certificate

] ] ]
Mechatronics Engineering Technology Program
Robotronics Technical Certificate

Academic Resources Center

R Summary of Hours ABET ||lf0rmati0n

Academic Program Inventory

Gollrses Offered FIEShman Engineering and Computer Science / Academic Programs / Engineering Management and Technology / ABET Information - Mechatronics Engineering Technology Program
Program List- by Program Type
Fall (18)

Programs By Department

¢ ET 112 - Mathematics for Engineering Technology (3 Credit Hours) Prospective Graduate

Transfer e CSEG 1000 - College Success in Engineering and Technology (3 Credit Hours) Students . .

e ENST 1370 - Manufacturing Processes (3 Credit Hours) 0 M
fennesseeilianstenBatnways e OR CHET 1320 - Process Control and Instrumentation 1 (3 Credit Hours) ur ISSIon
General Education Requirements e ENGL 1010 - Composition 1 (3 Credit Hours) Engineering Management
/ University Transfer Information e MECH 1310 - Electrical Components (3 Credit Hours) and Technology

The mission of the Mechatronics Engineering Technology program at UTC is to provide accessible education in the
principles and application of technology and technology management, while preparing students to understand and

Technical Elective (3)

Students Spring (15) MS Engineering be productive in the work environment.
Student Handbook Management and MS
* MATH 1710 - Precalculus Algebra (3 Credit Hours) (Or Higher) ENGM: Construction
Apoly & 1d=8081 * MECH 1330 - Electro-Pneumatic and Hydraulic Control Circuits (3 Credit Hours) Management

p?

_ _ Our Program Objectives
For engineers, VW collaborates with UT Chattanooga. Mission, Objectivesand >

Qutcomes
Graduates of this program will:

ABET Information - 1. be prepared to hold technical positions that require analysis, applied design, development, implementation,

A good example of a public-private partnership for technical- Mechatronis Engineering and oversightof mechalroic systems and automaled processes. |
. . . . . . . Technology Program 2. have the knowledge, problem-solving ability and hands-on skills to be successful in careers in the design,
vocation training and education in a high-technology industry.

commissioning, testing, evaluation, technical sales, or maintenance of mechatronic systems
3. appreciate the need for, and will pursue, self-directed professional development opportunities, such as

Graduate Certificate

Can this mo del be replicated more widely? Programs graduate work, additional trainings, and participation in professional organizations.



An important element of local education-industry eco-systems is in the K-12 educational system.

In many places, the challenge is less to provide basic educational skills than it is to prepare young
people for good jobs after graduation.

Many young people need to develop a basic aspiration for an education and a meaningful career.

Many, especially in lower-income places, lack the opportunities to learn about the jobs and careers that
may be available to them or the pathways to reach them.

Therefore in many parts of the country, there are intensive efforts focused on workplace-based
learning, where they gain greater confidence in themselves, the ability to communicate with adults, to
apply classroom learning to real-world tasks, to pursue a personal interest, and to know more about
the world of work.

These efforts are another test of the ability to construct institutional eco-systems for sustained
cooperation between schools and businesses.



The state of Maine recently funded a major state-wide effort
to build such arrangements.

The state allocated $25 million for efforts to expand “career-
exploration” activities throughout the state.

The goal was to ensure that 6000 young people gain some kind
of “meaningful paid work experience.”

It did so through three channels.

One was to fund coordinators in schools for “expanded
learning opportunities” for students. These are activities under
the supervision of school staff that combine pay with school
credits. Students and school staff have flexibility in choosing
the activities students undertake.

Another channel was funding for a state-wide intermediary
organization (Jobs for Maine Graduates) for career-exploration
experiences. A third was funding for community organizations
to provide work experiences to students.

FIGURE 2.
MCE New and Expanded ELO and CBO Sites Map

FINAL EVALUATION REPORT




Another mitiative in Maine targets two counties in the
northwest of the state, Franklin and Somerset Counties.

Both are relatively poor and rural.

The state and a private company are funding an effort to
improve STEM education in the two counties.

Since 2021, the project has provided over $115 thousand in
grants to teachers for equipment and professional
development, and $52,000 in scholarships to residents of the
two counties to acquire STEM-related educational credentials.
It has worked with more than 30 elementary, middle, and high
schools, and more than 80 businesses and post-secondary
schools.

It has reached more than 6500 students.




This is one example of the impact of the funding in a 4th
grade classroom:

3D PRINTING

Valerie LaPointe, 4" Grade Teacher
Margaret Chase Smith School

This fall, | received a 3D Printer and filament for my
classroom through the STEM Pilot Project. My son, a
Mechanical Engineering student at the Technical
University of Munich in Germany, and his girlfriend, a
Computer Science major at Stanford, visited my
classroom during their Christmas break. They taught
my students some of the basics of 3D printing and
demonstrated how to use the program Tinkercad to
design personalized bookmarks.

Students have learned that 3D printing can be
frustrating when the design is incorrect or the printer
isn't functioning properly. Students are learning to
persevere and troubleshoot when faced with
challenges. These experiences help develop important
life skills they can use in daily life or in their future
career field.

After creating their bookmarks, our guests presented
the class with a design challenge: to create a pencil
topper using their newly acquired skills. My students
learned a great deal and are excited to practice and
further develop their 3D printing skills throughout the
year!

“My students are thrilled to have access
to a 3D printer in their classroom. They
enjoy watching the printer make various
items and are eager to learn more about
how to use Tinkercad to create designs.”




Evalutions of both of these efforts in SeuEE
. . Youth participants report being motivated to participate in the program by...
Maine consistently find that students,

teachers, and business people value them.
Work experience that was meaningful

Students value doing meaningful, hands- s N 65

onwotk. Employers benefit from sandzontesron | ¢
attracting more young people into their
Earning credits _ 35%

industries.

FIGURE 8.
As a result of their participation in MCE, employer survey respondents reported moderate to major

benefits for their business/organization in...

ATTRACTING TALENT PROVIDING YOU INFORMATION
TO YOUR INDUSTRY/FIELD ABOUT THE NEXT WORKFORCE
GENERATION'S SKILLS




Summing up: the key to successful eco-systems is coordination of partners.

Successful partnerships of schools and industry require organizational intermediaries to ensure continuing
cooperation on the part of all partners.

Community colleges perform this role in different ways—by forming active working advisory bodies from
industry and by regular consultations with industry about curriculum.

Coordinators also often assist students facing transportation or financial problems.

In K-12 institutions, specialized coordinators may serve as intermediaries, either as staff members of the
school or through an organization specifically hired to perform the role.

Intermediaries take many different forms, but their role is similar in all cases.

These coordinating functions by themselves do not generate a return; they are expensive and require active,
motivated, and skillful effort.

Who will fund them?



Institutional challenges to the eco-system model:

1.  How to scale it up and out, to a broader set of industry and educational partners, operating at a higher level of
value-added? Needs capable “gearbox’ mechanisms to address problems on a larger scale.

2.  How to induce longer time horizons on the part of industry? Returns on investing in research and training are
uncertain and long term. Credible commitment on part of all partners is required.

3. How to ensure the sustainability of such institutional arrangements, including the role of intermediary, especially
it they are funded by one-time grants from the private sector or government?

4. And finally...



How to ensure that a shift to a “knowledge
economy’” does not replace humans with robots, but
rather treats embodied knowledge as a value in itself
for society?

-gj
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Adam, the robot bartender, at a Texas Rangers baseball game
(wearing a Texas Rangers baseball cap)

Famous story about Henry Ford and Walter Reuther: Ford and
Reuther were walking through a spanking new Ford plant decked out
with the latest automated assembly line. "Ah, Mr. Reuther," Ford said
to Reuther, needling him, "pretty soon we won't need workers to
assemble our cars and then who's going to join your unionr?" Replied
Reuther: "Ah, Mr. Ford, and who's going to buy your cars?"
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