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TWC Moderator: 

Good morning, everyone.  We’re going to go ahead and get 
started.  Welcome to the 10:30 session entitled “Super Systems: The 
Role of Education, Workforce, and Economic Development 
Collaboration in U.S. Competitiveness.  My name is Brandy Harrison, 
and I’ll be serving as the moderator for this session.  

A few housekeeping items: Please remember to place all electronic 
devices on silent or vibrate.  Should you have to step out and take a 
call, there are doors to my right.  Also, this session will be 
recorded.  Any time you have a question, please raise your hand, and 
I will bring around the handheld mic.  We want to make sure that we 
get all questions on our audio.  Also, this workshop is scheduled to end 
at 11:45.  An online conference survey will be emailed at the end of 
the conference.  Definitely provide us your feedback on how you think 
the session and the conference has gone.  Also, the conference 
materials will be available on the TWC website in approximately two 
weeks.  From what I understand there is also a resource table.  If we 
have fliers left over, you can pick those up there. 

Now I would like to introduce our speaker for this session, Jim 
Brazell.  Jim is a technology forecaster, strategist, and public speaker 
focusing on innovation, transformation, and what’s next.  His 2008 
National School Boards Association essay entitled “The Bellwether 
Sounds” was one of the early voices proclaiming the need for a 
Sputnik like awakening of the public to the importance of science and 
technology to the economy, education, society, and national security. 

For the past decade, Mr. Brazell’s speeches and workshops have been 



well received by a broad range of audiences.  Mr. Brazell’s 2012 
audiences include the National School Boards Association’s 72nd Annual 
Conference, The League for Innovation in the Community Conference, 
Pennsylvania Northwest Region STEM Network, The Tennessee State 
STEM Transformation Conference, and also the National Careers 
Pathways Network. 

Mr. Brazell is a 1995 George Gilder Fellow in high technology, 
entrepreneurship, and public policy.  He graduated summa cum laude 
with a bachelor’s of science in sociology from Bradley 
University.  Please help me welcome Mr. Jim Brazell.  [Applause] 

Jim Brazell: 

Thank you.  It’s a pleasure to be in Texas.  I started out here about 
[ten] years ago doing consulting work for the Texas State Technical 
College system on emerging technologies and jobs and the 
implications to our schools.  That work laid a foundation for me to 
actually travel all over the country and tell people about what’s coming 
down the line in terms of technology, education, [work], and economic 
development. 

I’d like to tell you a story – the Sputnik story – and how it relates to 
where we are today…  

On February 19th of 1957, [General Bernard Schriever]… from San 
Antonio gave a speech, which is affectionately known today as the 
“space speech.”  In this speech, he proclaimed that America’s future 
economic prosperity, as well as our security, would depend on 
space.  For giving this speech, Charles Wilson, the secretary of defense 
at the time, reprimanded General Schriever and told him to never ever 
use the word “space” again in a public speech… 

On October 4th of 1957, the Russians launched Sputnik and forever 
changed America’s and the world’s perception about the role of space 
in education and economic prosperity, as well as its role in 
security.  About 12 years later on July 20th of 1969, we were able to 
land a man on the moon.  Today, resulting from that speech was… 
both the ICBM program for the Defense Department… [and] the 
threads for NASA.  

Many people don’t know, but NASA’s origin in… in San Antonio, Texas 
where in 1948 a guy named Harry Armstrong convened the first panel 
on the implications of space flight to humans.  The medical science 
behind space flight was largely pioneered by the School of Aerospace 



Medicine in San Antonio, Texas.   

So this propelled the space program.  Today, we don’t have a single 
object like Sputnik orbiting the earth, omitting a beeping sound, telling 
us that we need to change, and we don’t have a goal like landing 
someone on the moon, but we do have a new target.  The target is 
Mars.  Now, a lot of people wonder why it is we should go to Mars.  On 
May 25th of 2008, the Phoenix Mars probe found two things that 
ultimately answer why it is that we should send humans to mars and 
not just robots. 

Does anybody know what the Phoenix Mars probe found? 

Audience: 

Water. 

Jim: 

Water and?  It found ice and salt, putting us halfway to a 
margarita.  [Laughter]  It works really well with Texas.   

As I said earlier, we don’t have this exigency, this external force telling 
us that we need to change today.  We do have what many people have 
called a Sputnik moment or a 21st century Sputnik or an equivalent of 
Sputnik--trends that are causing a requirement for us to change, to 
transform, and to innovate.  

The three trends that I would highlight that form this virtual Sputnik 
[include] the transformation happening in technology [globalization, 
and demographic changes].  Technology is undergoing a profound 
change today.  I’m going to talk about that in one third of the program 
and connect that to why this is changing requirements relative to 
jobs.  The second component of this [virtual Sputnik] is 
globalization…  the emergence of a global economy--the increasing 
inter-linkage of our economies.  

About four years ago, you could talk about globalization, and people’s 
eyes would glaze over.  Once the financial crisis hit, people really 
began to understand that a butterfly flaps its wings in one place, and 
you have a hurricane in other places--this cascading effect of the inter-
linkage of our economies.  

Finally, there are profound demographic changes happening all over 
the world, not just in the United States, not just in Texas.  These are 
due to immigration, birth rates...  Many people don’t know that the 



millennial generation is approximately the size of the Baby Boomer 
generation.  They’re called an Echo Boom generation.  We’re having 
profound demographic changes.  These three trends form this 
exigency or external requirement for us to change.  

The question today is: What is the role of education, workforce, and 
economic development in U.S. competitiveness?  I will tell you that the 
ultimate goal of what we all do in the world of workforce and with our 
partners in education and economic development – particularly today – 
our goal is the cultivation of innovation and the cultivation of 
innovators.  

… The requirement is for us to innovate [in] what we do in our practice 
every day as workforce practitioners – whether we’re in business 
services or different components of the workforce system--the 
question for us is how do we do things differently in sync with how 
things are changing?  

The second component to this is how do we cultivate the next 
generation of innovators?  It’s not enough to just produce science, 
technology, engineering, and math capable students or a 
workforce.  Innovation is much bigger than science, technology, 
engineering, and mathematics.  I’ll spend some time today getting you 
up to speed on what STEM – science, technology, engineering, and 
math – is really about, as well as sharing a different perspective about 
STEM relative to innovation.  

Innovation is how we create wealth.  It’s how we create jobs.  It’s how 
we maintain our quality of life in America.  It’s how we enable our 
security as a country, our safety as citizens.  Ultimately, it’s about the 
survival of our species.  Innovation, again, is much bigger than 
STEM…  

There was a report recently – to dovetail off of what Bill Symonds 
talked about this morning – where it was agreed that there’s a 
widespread interest in the subject of industrial education.  This is 
interesting, and Bill sort of hinted at it.  

The lack of skilled workmen is not chiefly a want of manual 
dexterity.  The key requirement today is not people who can do 
physical jobs, physical, manually dexterous jobs but a want for what 
may be called industrial intelligence.  I’ll cover this in the technology 
component today to share with you what this new industrial 
intelligence entails in the 21st century and how technology is behind 
that.  



There’s a growing feeling of inadequacy of the existing public school 
system to fully meet the needs of modern industrial and social 
conditions.  Would you agree with that?  The schools were too 
exclusively literary in their spirit, scope, and methods.  Finally, to the 
question of who should bear the expense of technical education, the 
common answer was the state.  

Would is surprise you to find that that was written in 1905?  What was 
happening in 1905 is analogous to what’s happening today.  In 1905, 
we were in the middle of the third industrial revolution.  Cities were 
electrified.  There was a mass migration of people from rural areas to 
urban areas.  They were settling at this point.  You had the chemical 
revolution happening.  Science was changing agriculture.  It was 
changing the industrial nature of work and production.  

It was the movement of new science and new technology into both 
agriculture and into the industrial system that necessitated this 
original requirement for a kind of practical education that focused on 
these competencies that were called in 1905 a new industrial 
intelligence.  In fact, if you go back into history, you’ll find out that the 
land grant college system, the Morrill Act, was set up to provide both 
liberal arts and practical education.  The foundation of our network of 
colleges and universities is in honoring the tradition of liberal 
education founded by the Greeks with the trivium and the 
quadrivium.  What we would think of today as reading, writing, and 
arithmetic, they thought of as rhetoric and grammar and logic and 
astronomy and music and these kinds of things, so the idea of 
education for citizenship.  

Our college system was set up – our university system – to honor the 
liberal arts tradition but simultaneously to produce students who had… 
this industrial intelligence or what was called the practical arts.  We’re 
at the same kind of inflection point today.  Bill Symonds was talking 
about it relative to career education and applied learning strategies in 
our schools.  In fact, nationally many states [have] adopt something 
called the common core curriculum.  Have you guys heard of that?  

Texas is one of the few holdouts in accepting national common core 
standards for curriculum… I go around the country and I tell people 
that, and they kind of laugh.  It’s interesting because the Texas 
Workforce Commission funded an initiative a couple years ago called 
WhyCareers, and it’s still available today free to anybody in the 
world.  It’s based on a virtual world called Whyville that has about a 
million users a month.  In this game world, students learn about math, 
science, and careers in the context of aerospace, bio-genomics, and 



also power or energy systems.  

This system [WhyCareers] that was developed in Texas [received 
continuation funding from] the Bill and Melinda Gates Foundation 
about two years ago because it was so close to what people want to do 
in common core, which is to integrate the math education and science 
education with the career education and teach the theory through 
applied learning.  We, in [Texas in] some respects, are ahead of the 
curve relative to other states.  I believe Texas has made some 
changes that they want to see how they work out before we adopt 
common core.  I fully expect that we’ll be on common core when 
[states] figure out what [common core really means to their 
schools].  In the meantime, [Texas is] beginning to move in this 
direction [for integrated academics and career education].  

About two years ago, I was hired by the Texas Education Agency to 
educate 400 new support people that were working at the intersection 
of career and technical education and academic learning, so {Texas 
is]… doing some of the right things.  One of the primary over arching 
themes of common core is college and career readiness.  Both, ready 
for college and ready for career.  

What’s interesting is if you talk to people from Achieve, Inc. – at least 
about eight months ago – or listen to them give speeches, they talk a 
lot about college preparation and not about career preparation.  There 
is still some work to be done on what this really means.  There is a 
taskforce that’s been formed by Achieve, Inc. and the people behind 
common core to connect common core standards to career and 
technical education.  Basically, the report opens up and says the focus 
on college readiness and career readiness remains in two distinct silos, 
two separate paths.  

We like to think in America that we don’t track our students, but we 
do.  We track our students largely to the four-year university degree, 
and we relegate the industry certifications and the career pathways 
and the CTE programs to a second tier track, a lower status 
track.  What’s beginning to happen all over the country is the 
integration of career and technical education with academic learning 
[opening up the system to an and proposition, rather than academics 
or career education].  

What I want share with you… is that one of the ultimate answers to 
how we cultivate innovation and innovators in our communities and in 
our schools is to focus on what I would call the classical contemporary 
model of education.  This model honors the time-honored traditions 



set forth by the Greeks for educating students for civil participation 
and civil leadership and academic learning but simultaneously 
equalizes academic education, health education, [arts education,] and 
career and technical education.  I’ll share with you some model 
programs in Texas and around the country that are doing this [at the 
end of my speech].  

The question for today is: What is the role of education, workforce, 
and economic development in U.S. competitiveness? …It’s our 
responsibility because workforce is largely the boundary spanner that 
connects our communities together.  You work between… pre-K all the 
way up to college education… What we need is leadership in the state 
of Texas that will, for example, take Bill Symonds report, “Pathways to 
Prosperity” – it’s free – and share it with your people and community 
to help redevelop the current technical education system that’s taken 
some serious hits in Texas and nationally…  I think this is really, really 
important.  

I’ve been doing this about a decade.  What I’ll tell you is that most 
people when they want to think about workforce will think down to 14 
years old.  You’ll think down to 14 and up.  The reality is Dr. George 
Kozmetsky from the Innovation, Creativity, and Capital Institute at the 
University of Texas at Austin many, many years ago said, “Sixth grade 
is the last meaningful opportunity for intervention with students.” 

We have to figure out a way, whether it’s from our resources or 
programs or in partnership with other people, to enable this kind of 
education systemically all the way down into elementary and even pre-
K education… I think it’s our responsibility in the workforce, education, 
economic development system to work together to make this happen.  

One of the issues here is perception.  A couple of years ago, the Texas 
Workforce Commission had this innovation for education fund.  They 
funded San Antonio, Texas to stand up the first U.S. robotics 
competitions in the state of Texas to pilot in San Antonio so that these 
robot programs that you see everywhere around the state could 
happen.  Prior to the funding from the Workforce Commission, we had 
received funding in San Antonio to do this from the Economic 
Development Council in San Antonio.  

Well, the leadership changed there.  Two years into it, the guy threw 
the program out.  He said, “What does elementary, middle, and high 
school robot education have to do with economic development?”  I will 
tell you it is everything [to do with economic 
development].  Everything.  



I guess what I’m trying to say is we’re all looking at our feet when it 
comes to workforce.  Employers have to.  They’ve got to figure out the 
next guy that’s going to come in and fill that slot, and you guys [in 
workforce] have to serve that [employer] to make sure they can keep 
the engines running.  But, if we don’t lift our eyes up over the horizon 
and start to work downstream, we’re going to be in a real serious 
pickle in the next decade or two.  I mean a serious global pickle.  We 
could end up like Britain [and essentially fall of the [economic] edge as 
a leader in the world.  

As I said, my work began at the Texas State Technical College 
System.  They do tremendous work still today.  I wanted to share with 
you, if you’re not aware, you can download the reports that I wrote 
and other people continue to write at www.forecasting.tstc.edu.  I’m 
very grateful to [TSTC] for the opportunity that my work has afforded 
me in the world today. 

We’re going to start off on the three topic areas I’m going to cover, 
[first] understanding the structure of technology… I’m going to take 
you through something that I’ve been saying for 10 years that’s really, 
really starting to happen on a widespread basis today.  Notice when I 
was introduced, I’m not a futurist.  I’m a forecaster.  My job is to look 
at emerging technologies in 2003, 4, 5, 6, 7, and 8 and look at these 
technologies – like mechatronics, if you’ve heard of that, or basically 
robotics or embedded computing or what’s called smart grid today or 
video game technology – and say, “Where is this going?” 

Ten years ago, we said video games were turning into the next 
educational platform of the future.  That’s happening today.  When we 
looked at machine-to-machine computing, computers are now 
embedded in everything.  Look around your house, your work, your 
office.  Everything is controlled by a computer today, and they’re often 
hidden.  What I want to do is help you understand the structure of 
technology, show you some of the jobs, and how they’ve changed… 

Second, I’d like to define STEM in the context of workforce and 
economic development, so we understand what we’re talking about 
when we talk about STEM jobs.  I go to STEM conferences all over the 
country and keynote.  One of the questions I’ll ask is, “Do you have a 
definition for STEM?” and they never do.  They’re all there talking 
about STEM, but there is no common agreement about what they’re 
really talking about.  Let’s at least understand how the Department of 
Labor defines science, technology, engineering, and mathematics and, 
as Rich Frochelle [from the Texas Workforce Commission] has pointed 
out to me many times, maybe what some of those shortcomings 



are.  Finally, I’d like to share with you some schools that I think have 
it right.  I usually talk all about the schools, so I’ve made that just one 
section of this [speech]… 

Let’s start off with technology.  I want to sort of play a little game with 
you.  Will you play with me?  Okay.  I’m going to ask you a 
question.  I’ll do this twice today.  What I want you to do is just get an 
image in your head.  What do you think of when I say robot?  You got 
a picture?  What is a robot to you?  Can you think of a name of a 
robot, your archetype robot?  How many of you thought of 
this?  [Laughter]  

What does mutton busting have to do with robotics?  Well, if you had a 
glass of milk this morning, it came from a robotic milk’er.  It didn’t 
come from a human hand.  We don’t do that any more.  There’s even 
an app so the farmer can monitor and control the robot milk’er 
remotely.  My definition is that’s the remote control, and that’s the 
robot.  Are you with me? 

The academic definition of a robot is a machine that takes over a task 
or a decision formally performed by a human.  Okay?  How many of 
you thought of [Wall-e]?  Anybody?  It’s generational, right?  How 
about that?  Transformers anybody?  [Laughter]  It’s 
generational.  How about [Rosie from the 
Jetsons]?  [Laughter]  Okay.  Or [Robbie the robot from Lost in 
Space]?  [Laughter]  Or [of the War of the Worlds 
robot]?  [Laughter]  Anybody there?  Okay.  It’s generational, right? 

…We have to think beyond [walking talking robots].  How many of you 
have employers who are saying, “We need a new kind of 
technician.  We need a technician that can run computers”?   But the 
computers are running conveyor belts or they’re running processes in 
a plant.  We need to think beyond walking, talking robots.  Our 
archetype – we’ve been programmed through science fiction and 
popular culture to think of a robot as having a head, and arms, and 
talking, but the definition is a machine that replaces a task or decision 
formally performed by a human. 

Robots are now fundamental to how we live, work, and play in the 21st 
century.  Notice I’m not saying robots are coming down the road.  I’m 
not looking into a crystal ball.  I’m telling you they’re everywhere 
now.  Now.  It’s like the PC revolution in [1997], not 1983. In [1997], 
PC’s were starting to take off, and they were everywhere.  

This is a robot. Have you seen, [Fisher-Price Laugh & Learn Dance And 



Play Puppy] on the commercials on TV?  It’s a robot that teaches your 
child basic literacy.  It’s a robot.  How many toys have you bought in 
the last couple of years that talk or walk?  These are robots.  We play 
with these things and give them to our children, and we don’t think it’s 
a robot.  We think it’s a cute toy.  It’s a robot.  

How about this?  Does anybody have [a Roomba from I-
Robot]?  [Laughter]  Or how many of you go to Redbox?  That’s a 
robot.  How did you use to get your movie?  Blockbuster, right?  You 
walked in a store.  You picked it off a shelf.  People set the 
inventory.  You checked it out with a human being.  Did [Redbox] 
replace a task or decision performed by humans? 

If you’ve been to Orlando and ridden the Harry Potter ride, it’s a robot 
arm on a rollercoaster.  It’s literally a robot arm that puts you in the 
scenes and moves you through the system...  

Has anybody seen the commercial for this?  I was doing a program for 
8 to 12 year old girls a couple of weeks ago, and I had to get the video 
for this.  It’s called “Perfect Polly.”  It’s an infomercial on television for 
a robot parakeet that you don’t have to feed or clean up 
after.  [Laughter]  My friend and I were sitting there watching TV, and 
we had the volume off.  We were watching it and I was going, “Look, 
Mike, it’s a robot.”  He started doing the voiceover for it and said, 
“Send $14.99 and get two,” and sure enough it came up.  [Laughter] 

Literally we’re at the point of anthropomorphism and this idea that we 
can replace even the pets in our lives and reduce the maintenance and 
cost because it chirps and acts like a parrot. [Laughter] 

Think about your home.  How many places around your home have 
computers that control mechanical systems that replace things you 
used to do, tasks you used to do?  What about your washing 
machine?  What about your dryer?  You know how your dryer now has 
that sensor and it will shut off so [your clothes do not over dry and 
wrinkle]?  How did you used to do it before that?  Well – for guys – 
you’d put them in the dryer, and if they over dried, we’d go get some 
water and sprinkle it in there and turn it back on, right? [Laughter] 

Now you don’t have to do that.  Your washing machine, dishwasher, 
dryer, icemaker [are all robotic].  My icemaker went out at my house, 
and I had a guy come out.  What was the problem with my 
icemaker?  The computer board.  My air conditioner.  I put a new AC 
in, and within a year I was having some problems.  They came out, 
crawled around the attic, went outside, popped off [the cover], 



[connected an analytical device] to the [electronics] in the air 
conditioner, and it was the computer board. 

It’s not just about computers.  It’s about computers that are 
connected to machines.  Do you see that?  I’m talking about a 
computer in the dryer that controls the motor.  What we’re talking 
about being new [or at least more ubiquitous] is a computer that 
controls a mechanical process.  I’ll show you that these computers can 
even control chemical or biological… processes.  So the line between 
humans and machines is beginning to collapse so that we become one. 

Have you ever met anyone with a cochlear ear implant or a heart 
pacemaker defibrillator?  By definition, they are 
cyborgs.  [Laughter]  Cyborg culture, right?  This is a modern 
trend.  What’s happened recently in the last 15 years or so in planes, 
trains, and automobiles is the analog – the little needles on the gauges 
– have been replaced by what?  Digital display.  The analog dial or 
speedometer’s mechanical system has been replaced by a digital 
system.  In some cases, these digital systems control mechanical 
systems…  

It’s electronic, and it’s all glass displays.  That’s a train.  This is the 
cockpit of a jet.  It’s all glass displays when you look at it.  This is the 
new Tesla that’s being manufactured in California.  It gets 256 miles 
per gallon equivalent.  It’s an all electric vehicle.  It has a tremendous 
amount of computing power.  

Your cell phone in your pocket today, if you have a digital cell phone 
with Internet and video cameras, [it] has as much computing power as 
was used to put man on the moon.  These cars are packed with 
computers.  The requirements for the engineering of this kind of 
system, the manufacturing of this kind of system, and even the in 
driver are a little bit different.  I have a Prius, and my mom won’t 
drive it.  She’s like, “I can’t figure it out.”  It’s a little different.  It’s all 
computerized.  

If you’ve been into wind country here in Abilene, TX or around the 
state, you know that these wind turbines are giant robots.  The 
technicians who work on them, rather than being specialized, are 
called multi-skill or multi-craft technicians.  The requirement for a wind 
turbine tech in Abilene is somebody who can master high voltage 
electricity, work on the mechanical hydraulic and pneumatic systems 
in the wind turbine, program the programmable logic control systems, 
and then they’re certified for high mountain rescue and 
CPR.  [Laughter] The ultimate multi skill technician, right? 



This is also increasingly true in our physical infrastructure, whether 
we’re talking about the water distribution system that carries water to 
our house in the morning.  We don’t think about it, but without the 
combination of digital control systems and mechanical valves, we 
couldn’t even brush our teeth in the morning… Notice I’m talking about 
the plant where they refine or do the process work on the water so 
that we can drink it [and the] distribution system.  Both the plant 
where these things are produced and the physical infrastructure are 
basically… robotic systems. 

Here’s a final example I’ll give you.  This is from Medtronic.  This 
should be out in the next couple of years.  It’s a pacemaker the size of 
a Tic Tac.  It’s so small that they have to put it in the heart via 
catheter, and there’s an app for that.  [Laughter]  It ties to your cell 
phone and relays your data both to the doctor’s office for an archive or 
for real time monitoring, depending on your condition, and it will give 
you a warning if you’re going to have atrial fibrillation, so you can sit 
down or pull your car over.  The connectivity between these systems 
implanted in us and the way they relay and connect to the network will 
become increasingly profound [mediating human physical, chemical, 
biological, and neurological processes and machines]. 

What I’ve been saying for at least 10 years now is that we are in a 
shift from what you might think of as traditional computers as an 
information appliance to these kind of robots or what I’ll call cyber 
physical systems.  Cyber being the software, computer, and network 
side, and the physical side of this being the physical thing that’s being 
controlled, whether it’s our heart or our washing machine or our 
dishwasher or a refinery process control system in an oil field or a 
plant that brings the water into the shale systems. 

What are the implications for work?  The increasing footprint of 
automation of these kinds of [integrated] computers and mechanical 
systems [cyber physical systems] – cars, trains, planes, automobiles, 
rockets, satellites, heavy equipment – has necessitated a shift from 
what we have traditionally thought of as a mechanic to [multi-skill] 
technician [effectively up-skilling manual labor].  

Have you been into a Toyota dealership and made the mistake of 
calling the guy with the white coat a mechanic?  I did early on, and 
I’ve learned with all the tours that I’ve been on that they’re not 
mechanics.  They’re technicians.  Many of these people have really 
good entry level job paying from $24,000 to $35,000 depending on 
their skill set as an entry level first time employed person.  Within a 
decade, if they’re really good and they get the appropriate 



certifications, they can earn $70,000 or $80,000 in a Toyota dealership 
as a technician.  As Bill pointed out, these can be really good jobs 
associated with [two-year degrees in addition to four year degrees]. 
[Multi-skill technicians start employment at Toyota Manufacturing in 
San Antonio, TX at $50,000 a year.] 

What I’m talking about when I say “cyber physical systems” is what I 
told you earlier: The combination of the computer, software, and 
network with the mechanical system.  Typically, the technology 
architecture is electronics, computers, motors [actuators], and 
software.  Motors being the key new component [in computing].   The 
definition I’ve come up with for cyber physical systems is: Cyber 
physical systems utilize information technology to direct the 
communication and control of physical processes and systems or vice 
versa. 

This is interesting if you’re following me.  If you have an iPhone 4 or 
you have a device where when you hand it to someone the screen will 
orient itself to the six axes of movement, there’s a tiny gyroscope in 
there and the communications device for the gyroscope is the width of 
one red blood cell.  This gyroscope and some of its components are 
nanotechnology-based mechanical systems.  What’s happening in that 
case when you move the phone is the mechanical system is driving the 
software, rather than the other way around. Even your cell phone – 
these new phones – is an example of a cyber physical system or what 
I call fourth generation computing in the report we wrote for TSTC. 

…  Recently I was in Upper Peninsula Michigan.  There’s a company 
called Superior Extrusion.  What they do is they produce aluminum 
[for commercial buildings].  So they do extrusion and produce this 
aluminum, and you can see it there... Look at the “blue collar” 
workers.  What are they doing?  They’re in front of computers that are 
controlling the process system for the furnace and for the 
production.  What I’m trying to show you is the lines are beginning to 
break down between what we would typically associate with white-
collar work and blue-collar work.  There’s an up-skilling happening in 
the workforce [due to automation and cyber physical systems]. 

This is the tell tale sign.  When you tour a plant, what they’ll typically 
tell you, especially if you get a line foreman as opposed to a vice 
president or someone like that to tour you around, is they’ll say the 
tolerances are getting tighter and tighter.  Does anybody know what 
that means?  That means that they’re manufacturing to more precise 
specifications.  Typically, what you’ll hear is that our tolerances are 
moving from one one-hundredth of an inch to one one-thousandth of 



an inch. 

As the tolerances become tighter, the requirement for precision and to 
maintain quality, the mathematical rigor in the work goes up.  This is 
what I mean by up-skilling.  What’s effectively happening in our 
workforce is even the entry level jobs – I’m kind of on these middle 
skilled technical jobs now – is the requirement for both literacy and 
mathematical reasoning are up, as well as for problem solving in 
general and for teamwork. 

Now, you’ve all heard that.  What’s interesting about the problem 
solving change is that if you talk to these technicians, they’ll say, “I’m 
an old school guy.  I used to be able to put my hand on the equipment 
and feel a vibration.  That’s how I did my troubleshooting.  Or I could 
hear something, or I could look around, and I could see 
something.”  What they’re saying now is that computers are 
embedded in these machines...  How do they do [the 
diagnostics]?  They connect the computer to the cyber physical 
system, and they run the diagnostics through a computer. 

What’s happened is the level of abstraction has gone up, so it requires 
a different kind of problem solving at the process level.  This [picture] 
is also at Superior.  

[A couple of years ago] I was in Mount Pleasant [TX] at Priefert [Ranch 
Equipment].  There’s a great story behind this.  We went out to try to 
get a program built between Mount Pleasant Independent School 
District and Priefert.  Do you all know who Priefert is?  They make the 
[barns and shelters], gates, [and chutes] for the ranches.  [Priefert] 
didn’t have much hope [for the schools students or CTE 
program].  They didn’t think the students would be able to do the work 
if they built a work-study program.  They certainly didn’t think the 
teachers were ready for the kind of technology that they’re dealing 
with at Priefert’s [manufacturing plant]. So we went out with a teacher 
that taught electrical systems – you know, standard wiring, electrical 
systems – and then the computer science teacher.  We did a tour.  I 
did my speech, and I left.  

[The school district] managed to place the two teachers in on 
externship into Priefert – the electrician teacher and the computer 
science teacher – and they did a project that changed Priefert’s 
production process and saved them money.  [They] created [an 
innovation]--something new.  Then the [teachers] went back to the 
school and were able to begin this dialog with [Priefert about] how to 
get students to come work for them [through this new collaboration 



between the AP computer science teacher and the CTE electrician 
teacher]. 

What that kind of work was about at Priefert [and Mt Pleasant ISD is] 
what you’re seeing here [in this picture]--the computer laptop is now a 
tool of the electrician and the mechanic [the new emerging multi-skill 
technician]. The processes are automated.  This is what I hear 
everywhere.  I’ve been hearing this for a decade.  Technicians work at 
the intersection of mechanical, computer, and electrical processes. 

If you think of that diagram where I had computer, electronic, 
software, and motor, that cyber physical systems technician is really 
what’s in common, whether you walk into manufacturing for Aerospace 
or you walk into a process control system for a combined heat and 
power plant to produce electricity or you walk into a biotechnology 
shop that’s producing either the research and development side of 
biotechnology or the production side of a biotechnology product.  The 
technicians work at the intersection of [cyber and physical systems]. 

The engineers and scientists do increasingly as well.  There’s a 
movement in academia towards what’s called multi-disciplinary 
research and development or transdisciplinary research and 
development or systems research and development, [research, 
degrees, and studies] that span the disciplines [and connect 
knowledge together]. 

In terms of middle skill workers, what we’re saying is the skill jobs and 
the knowledge jobs are overlapped today.  This is, again, not a crystal 
ball forecast.  This is what I’m finding no matter where I go, what 
state, what country, or what kind of job.  When I look at [science, 
engineering, manufacturing, and operations] jobs, I’m finding this 
overlap between what was traditionally thought of as a knowledge job 
and what’s thought of as a skill job [in the past].  You’ll see it in some 
of the quotes [from my industry tours]. 

This is, again, Upper Peninsula Michigan.  I was at a giant pit – not a 
mine but a pit – and they were [processing] iron ore.  This is the 
{Empire] production plant.  They said, “digital control systems require 
people who have theory and skill.”  Do you ever hear that from 
employers?  We need people who have skill, but they need to have 
this other theory, this sort of academic knowledge, this math 
knowledge as well.  Trigonometry, for example in machining and 
computer numerically controlled manufacturing. 

“Most new employees have associates or university degrees in the 



mine.”  The new employees they’re getting are largely people who 
have degrees because of the knowledge and skill requirements of 
these jobs [and the associated cyber physical systems and automated 
processes]. Another interesting thing about these systems is they’re so 
automated that rather than requiring physical manual labor, they’ll tell 
you, “We never physically touch the product.”  All of this stuff is 
increasingly automated.  This [picture] is the control room at the 
[mining production pant], for example. 

This is Spirit AeroSystems in Wichita.  This is aerospace 
manufacturing.  Again, look at the floors in this plant.  Some of these 
jobs are dirty.  A mining plant is going to be dirty.  Some of this 
manufacturing – for example, Toyota in San Antonio is this precision 
quality manufacturing where safety is really important, and cleanliness 
is a big part of the job.  You see these technicians.  They look like 
Silicon Valley guys.  They’re wearing a golf t-shirt and jeans.  They’re 
not wearing the traditional things you’d associate [with blue collar 
work]. 

When people ask me to explain this to them, I say, “Here’s one picture 
that explains to you what’s happening in 21st century work.”  This is a 
computer numerically controlled machine producing aerospace 
products in El Dorado, Kansas.  You see this guy sitting in front of a 
computer.  Now, he’s running a software program that costs 
$400,000.  It’s the same engineering program that the engineers use 
to design the planes and the component systems and the electronics 
and do all the integration verification tests [called CATIA].  He’s on the 
production floor, and it’s connected to a computer numerically 
controlled machine. 

What’s interesting is this trend is happening today where instead of 
using the manual configuration – they used to have a desk with a 
blueprint they would lay out.  They would verify their measurements 
and then program this machine.  Today, the CATIA system will 
effectively make the part by directly working with the computer 
system rather than having to work with the blueprint and do the 
translation.  

Here you have a guy who is running the engineering design software 
for the production manufacturing process.  This is a door that opens 
up.  You put a block of aluminum in, and it [mills] the metal. So here’s 
the robot.  Computer, knowledge-based, the physical robot.  Then 
what’s this?  A toolbox.  What they need increasingly in these 
manufacturing environments is someone who can pop the machine 
open and use a sledgehammer or a hammer or a screwdriver or a 



wrench, program the robot to do the work, and simultaneously use the 
same software used by the engineers who designed the product. 

You have the computer component, the robot component, and then 
the physical tool part.  When asked to describe what are the 
characteristics at a very high level of the change that’s happening in 
the workforce, there’s a shift from our focus on specialization, which is 
largely a result of the industrial revolution.  If you think about it, in the 
industrial revolution, what we did is we figured out that we could 
standardize work tasks and break them down [task allocation].  

What happened is people who were craftsmen, they were integrated in 
their knowledge and skill, became outmoded because the work 
became very specialized.  What’s happened is from the principles of 
scientific management that happened in the industrial revolution, 
we’ve taken those techniques into the way we teach today in our 
schools.  We do task allocation.  We break the skills down that we 
want to teach.  We want to measure each discrete component [of 
learning].  

Today what’s happening is a shift from specialized knowledge and skill 
to what I’ll call systems knowledge and skill.  Notice I didn’t say a shift 
from specialization to generalization.  Specialization indicates narrow 
and deep.  Generalization indicates broad and shallow.  I’m not saying 
broad and shallow.  What I’m saying is systems are about broad 
knowledge, deep knowledge, and interconnected knowledge.  For 
example, understanding the relationship between the electrical 
current, the mechanical system in the wind turbine driving and 
creating that current through the turbine, and then the computer 
process control system that controls that process, understanding the 
relationships between the different components. 

If you go into wind, they’ll tell you – this is at the Sweetwater campus 
in Abilene.  “In most industries you have electricians, mechanics, and 
IT.  In wind, you’re expected to do everything.”  When we looked at 
this in 2004, this was specialized to emerging jobs.  What we’re seeing 
now as a result of the downturn of the economy is tremendous 
investments in automation across the board industry. 

Increasingly, now what we’re seeing is people update the 
manufacturing process to have more automated systems.  They’ve 
made those investments, and now [industry] needs a different kind of 
workforce to do work.  This is true in the emergence of what’s called 
smart grid as well.  All the linemen today don’t have to deal with these 
[integrated] mechanical and computer processes.  As we move to 



what’s called smart grid, where we have computers connected to our 
homes to control the electricity and machines, then increasingly people 
who are linemen will have to [have multi-skill training and 
certifications]. 

I was working on a concept for space based solar power in San 
Antonio with some high school students and a guy named Dr. Francis 
X. Kane.  Have you heard of space based solar power?  It’s where 
they’ll have satellites that capture solar energy, and then they’ll beam 
the solar energy to earth via microwave.  So we were working through 
the design system – this was an epiphany for me a couple of years ago 
– where Duke Kane, who is 92 years old and was recognized in 2010 
as the father of the global positioning system for the Air Force, said to 
me, “Well, okay.  What are the satellites that capture the solar 
energy?”  I was like, “Solar array…” and he said, “Robot.”  I said, 
“Yeah.”  He said, “What do we need to put these satellites up?  How 
will we construct them and maintain them?  Robots.”  

Okay.  Well, when we beam the microwave energy down to earth, we’ll 
have a receiving station. What is the receiving station?  Robot.  When 
this stuff goes out over the electrical grid, what is the electrical 
grid?  Robot.  How will it be consumed?  If it’s at an industrial plant, 
the plant is a robot.  If it’s at your home, your home is a robot.  If it’s 
your car, your car is a robot.  He said, “End to end, it’s a robotic 
system.” 

That’s where we’re going, and that’s where we’re already 42% of the 
way there, I would say – almost halfway there in terms of the systems 
that exist today.  This is an oil refinery in El Dorado, Kansas. The same 
thing.  Instrumentation control technicians are needed.  This is a 
process control technician at a combined heat and power plant in East 
Texas.  This [technician] is sitting at the head end of all of these 
processes, looking at the automation, running them to make sure that 
they’re optimal and safe.  If you look at the technicians that work and 
repair this combined heat and power plant, they’re working physically 
at the intersection of these systems. 

The technicians who work on these cyber physical systems are called a 
lot of different things.  In the auto shop, they’re called auto 
technicians.  In the FAA world, they’re the FAA certification for 
avionics.  They’re cyber physical technicians.  If you go into science 
and technology research and development like in our universities and 
our large companies like Exxon that have research and development 
labs, often the equipment that’s used in the research and development 
process are mechanical systems controlled by the computer. 



They’re called multi-craft technicians, integrated systems technicians, 
mechatronics technicians, engineering technicians, instrumentation 
control technicians, process control technicians.  Many of these things 
are essentially cyber physical control technicians with specific kinds of 
knowledge and skill relative to manufacturing or biotech or whatever 
[industry] they’re [in]. What’s common is the increasing inter-linkage 
of these systems. 

These cyber physical systems [also] extend computer control in the 
realms of biology and chemistry.  If you go into a hospital and you get 
hooked up to an IV, there’s a little computer now that hangs on the IV 
drip to monitor and control the drip.  If you’ve seen these beds, they 
were first manufactured in San Antonio Texas by a company called 
Kinetic Concepts Incorporated where they received the patents for 
these to make the beds that will move you so you don’t get bed soars 
after an operation or surgery.  It’s a robotic bed.  Many of the 
processes and machines are basically cyber physical [systems] at 
hospitals. 

This is a science and technology research and development technician 
[at] Baylor [University].  [Baylor has] a nanotechnology lab housed at 
TSTC Waco.  Again, here you see the science and technology research 
and development technician.  “We had to upgrade our basic 
mechanical skills to include programmable logic controllers and 
electrical systems.”  The path is where they were mechanics or they 
were electricians, they are increasingly meeting the requirement to do 
all three things – electrical, mechanical, and computer. 

If you look at chemistry technicians, the spectrographic machines that 
are used to do chemical analysis are robotic systems.  This is Peoria, 
Illinois.  This is a bio-genomics lab that [enabled] the ability to mass-
produce penicillin.  I went in there and looked at the equipment they 
were using.  Instead of using just computers, they’re now using 
computers to control these mechanical systems to look at biology and 
genes in plants. This is biotechnology in Florida where they’re trying to 
make oranges and grapefruits into fuel for our cars.  This is an 
electronics lab.  Again, increasingly the intersection of [of cyber 
physical processes and systems]. 

The big thing that’s happening, very similar to that shift and the call to 
change in education in 1906, is today we’re actually shifting from what 
we might think of as an information age or a post-industrial era into a 
new age.  Just to keep it simple, I’ll call it a robot age.  It’s an age 
where these [cyber physical] control systems are increasingly part of 
the way we live, work, and play in the 21st century. 



The question [today] is about [the role of] workforce, education, and 
economic development collaboration [in U.S. competitiveness]… 
Similar to space in 1957, cyberspace is the new platform for 
education, workforce, and economic development [in the 21st 
century].  You probably got that when the dot com thing started back 
in the 90’s.  I was a dot com CEO, and many of the things that we 
thought would happen are just now happening.  There were so many 
entrenched interests that it’s taken 20 years or so to actually see the 
kinds of things that we all knew were possible in 1995. 

We are heading further into a dependence on cyberspace. Cyberspace 
is the new realm [for innovation in] education, workforce, economic 
development, and security.  It’s like space was in 1957.  In fact, there 
is a group presenting from 2:00 to 3:15 today, which is the Texas 
Cyber Education, Workforce, and Economic Development Council.  I 
would really encourage you to go to that program.  For a year, they 
were commissioned by the House and the Senate here in Texas to 
produce a study group and new report, which will be due out the first 
week in December, to the governor on the implications of workforce, 
education, and economic development relative to cyberspace. 

What’s [profound] about cyberspace is that while it’s our platform for 
education, workforce, and economic development, it is simultaneously 
a domain of warfare, terrorism, and crime.  It’s a yin and a yang.  It 
cuts both ways.  There are issues and things to be concerned about, 
and then there are things that we can do proactively, both about those 
issues as well as about creating wealth and maintaining our quality of 
life. 

The integration of computers, networks, software, and machines – or 
what I’ve called cyber physical systems – has given birth to a new 
generation of work, education, and economic development.  This trend 
will continue to grow.  I’ve been telling it to this audience – the Texas 
Workforce Commission – the same story for 10 years.  Now, I’ve 
updated it a little bit. 

I want to take you back again to this same period in time about a 
hundred years ago when we were here [at an inflection point and 
change in work].  I mentioned this earlier.  The Morrill Act, July 2nd of 
1862, was created to promote the liberal and practical education of the 
industrial classes.  What many people miss is that both the high school 
movement that Bill Symonds talked about that happened in the early 
1900’s and our university system were rooted in the formation of 
workman’s groups for agriculture and for industrial systems to 
basically elevate the condition of the working class. 



Somehow we’ve left behind our charter to work on the practical 
education side simultaneously with the liberal arts or liberal 
education.  In 1862 and up to about 1906, or about the period when 
the Smith-Hughes Act was created that enabled a technical education 
system, what happened was science and technology motivated a 
requirement for a new kind of education.  We’re at the same point 
roughly a hundred years later. 

This is the St. Louis Manual Training School in 1880.  Above the door 
of the school the proctor of the school had an inscription where every 
student passed every day.  “Hail the skillful cunning hand.  Hail to the 
cultural mind contending for the world’s command.  Here let them be 
combined.”  Just as then, today the answer is to produce a balance, 
not an “or” proposition but an “and” proposition between this idea of 
academic learning and career education.  What I mean by this is 
integration, not a second pathway. 

What I’d like to do now is talk a little bit about STEM in the context of 
workforce and economic development.  Here we go again.  Are you 
ready?  What do you think of when I say “STEM jobs”?   Just get [a 
picture] in your head.  Are you ready?  STEM jobs.  

Can you all help me out with this?  We’re going to do an audience 
survey.  By a show of hands, what percentages of jobs in the United 
States in 2010 are classified as STEM jobs by the Department of 
Commerce?  How many people think it’s 60% or more?  How about 
25% to 49%?  Okay.  Get them up high.  Let’s see what we 
have.  About maybe a quarter.  Six to twenty-four 
percent?  Okay.  Less than 6%?  The answer is 5.5%. [Sigh.] 

I think Rich Frochelle [the Texas Workforce Commission, Labor Market 
Economist] has done some really good thinking on this.  I don’t know 
that [he has] published it yet. I know maybe here and there I hear 
[him] talk about it, but we need to do some work [on STEM] in Texas 
if we’re going to work on [innovation and competitiveness]. 

How many of you are working on STEM?  How many of you consider 
that STEM is part of your charter?  Okay.  If we’re going to work on it, 
we need a common denominator.  

According to the Department of Commerce [report STEM: Good Jobs 
Now and for the Future, 2012, “1 in 18 jobs are STEM jobs in 2010 – 
7.6 million jobs.”  Of those jobs, women hold 24% of those jobs the 
way the Department of Labor defines [STEM in Women in STEM: A 
Gender Gap to Innovation, 2011].  Women hold 48% of jobs in the 



economy but only 24% in the STEM fields.  There’s an incredible 
opportunity to do work – for example, Girls Inc. or Women in 
Technology – in your local communities on the opportunities for 
women in STEM jobs. 

This is the breakdown of men that are blue and women that are red in 
2009 by degree levels [according the Economics and Statistics 
Administration calculations from the American Community Survey in 
Women in STEM].  So this is prevalent across no college all the way to 
a doctoral or professional degree.  The wage gap is about 14% in 
STEM jobs, where it’s 21% in other jobs.  It’s a bit better, but I think 
we can do some work there as well.  

Here’s the first thing to understand about STEM: One half of STEM jobs 
are computer occupations.  Computer occupations have different 
flavors.  You have computer occupations that people can track into 
through certifications like the A plus certification or the Network plus 
certification.  You can get those in high school and go to work.  Then 
go to a community college and get an applied information technology 
degree and come out two years later with an [Associates] degree, then 
go to a university and get a management of information technology 
degree, which is largely applied.  Or then go to a university and get a 
computer science degree, which is very often not applied and highly 
theoretical.  Both are required, and both are good, but you have to 
understand that there are two types of education for IT [theoretical 
and applied, today]. 

Of the IT jobs, depending on how you count, using the Department of 
Labor standards, there are 3.8 million IT jobs in America.  If you use 
OECD standards, it’s 5.8 million people.  These jobs are projected to 
add three quarters of a million new jobs between 2008 and 2018.  As 
a group, they’re forecasted to grow more than twice as fast as the 
average for all occupation in the economy.  This is from the President’s 
Council of Advisors on Science and Technology report [Designing a 
Digital Future] in 2010. 

I mentioned earlier that there’s a program from 2:00 to 3:00 p.m. on 
Texas cyber education, workforce, and economic development.  A that 
was shared with me by one of the committee members recently was 
produced on August 2012. The report, [Preparing the Pipeline: The 
U.S. Cyber Workforce for the Future], says, “there’s a widespread 
agreement in public and private sectors that U.S. educational 
institutions are unable to meet the growing demand for cyber 
workforce professionals.” An interesting thing about this report, if you 
read into it – there are actually two things.  One is that they’re talking 



about not just your traditional computer occupations.  They’re talking 
about computer programming, people who can do software 
engineering and do it in a secure way.  They’re also talking about 
lawyers and policy makers who understand computers.  They’re talking 
about the use of computers in fields that are important for policy and 
other things.  I thought the systemic approach was really good. 

One of the most profound calls from the defense community and the 
industry community in this movement for cyber education is a 
requirement for people who are trained or who go through education 
programs to demonstrate their learned knowledge in a test.  They’re 
shifting the requirement. The requirement that these guys are 
advocating is that people who are trained in information technology or 
network skills demonstrate their learned knowledge.  So there’s a 
movement to competency rather than seat time in the way that we 
award people certifications or degrees relative to cyber or at least a 
desire to go in that direction. 

When we talk about STEM jobs, we’re typically talking about computer 
science, math, engineering, life and physical science. This is some of 
the same source data that Bill Symonds used this morning from the 
Georgetown Center for Workforce and Education.  [The report STEM] 
projects in 2018 fifty-one percent of STEM will be computer 
occupations, twenty-eight engineers and engineering technicians, 
thirteen percent life and physical science occupations, six percent 
architects, surveyors, and technicians, and two percent mathematical 
science occupations. 

An interesting point here is architects are included in this definition of 
STEM.  Architects are not usually in the STEM grouping.  They’re not in 
the group from the Department of Labor or the Department of 
Commerce, for example.  That’s usually considered an arts job.  Note 
that STEM does not include medical and health jobs or many of the 
middle skill jobs transformed by technology in the past decade across 
industry sectors. 

If you look at middle skill jobs, [according to the Center for Education 
and the Workforce, in CTE Five Ways that Pay] we’re talking about 29 
million middle skill jobs.  STEM jobs are roughly eight million 
jobs.  These middle skill jobs that we care so much about, 62% of 
middle skilled jobs pay $35,000 plus per year.  You heard Bill Symonds 
talk about that this morning.  Two out of five middle skilled jobs pay 
$50,000 plus per year.  Just by the definition of STEM, we sort of miss 
a big piece of middle skill.  I guarantee you at least 80% of these 
middle skill jobs have a significant technological component to them. 



So we’re missing it.  If we’re going to define STEM, we have to define 
it, I believe, in a way that includes, for example, middle skill jobs.  I 
know this has been a point of contention in Texas over the last couple 
of years.  According to the U.S. Department of Labor and the U.S. 
Bureau of Census in the National Skills Coalition [Middle Skill Jobs 
State-by-State]… if you look at Texas in 2009 just on a degree level 
basis, what we have is a gap in the middle skill area where we have 
51% of the jobs are middle skill, and only 40% of our workers are 
prepared to fulfill the middle skill requirements.  We have a 
tremendous opportunity in middle skill jobs. 

To be fair, the Department of Labor says… although the STEM jobs are 
only 5.5% of jobs, technology has had a profound impact on virtually 
all jobs.  I think the DOL says 80% of jobs are impacted at least in 
some fundamental way by technology.  Sixty percent of jobs today 
require a significant technological component to the literacy to do the 
job. 

What we’re seeing is really STEM is bigger than STEM.  What’s 
happened in science and technology, as I said with the virtual Sputnik 
idea, is the transformation of technology has placed new requirements 
on all of us.  

I drove through a McDonald’s the other day.  When I picked up my 
order, I noticed that the drinks and the ice were being put in the cup 
by a machine.  The person didn’t scoop the ice and fill the cup.  It was 
a [robot] doing it. 

Even the lowest level jobs – think about McDonald’s – they’re like 
SEAL Team 6.  They have radios on.  They’re running a point of sale 
terminal that’s running a robot that’s making the drinks.  [Laughter] 

If there’s a fire, the sensor will call the fire department and spray 
halon [fire suppressant] before a human ever pushes a button.  Even 
our low skill jobs are highly automated requiring higher levels of 
literacy and [problem solving to complement the automation]. 

What are the implications for economic development?  First of all, in 
my experience, STEM practice is culturally and geographically bound. 
Example: In San Antonio, Texas in 1948, the Air Force stands up 
something called the Air Force Security Service.  It’s cyber in the 
defense department.  Today if you look at that, it’s the 24th Air Force, 
which was commissioned in 2009, brought to San Antonio, and moves 
a billion dollars a year into our economy.  We have Rack Space, a 
significant IPO in the [Information Technology] space. Our STEM 



programs are focused on things like students who are going to enter 
the pipeline for cyber security.  We have a program called the 
Information Technology & Security Academy, which has gained some 
national awards for what they’re doing.  

John F. Kennedy came to San Antonio November 21st of 1963.  This 
was the day before he was assassinated in Dallas.  His last official act 
as president was to dedicate or turn the School of Aviation Medicine 
into the School of Aerospace Medicine.  In that speech he said, “The 
nation has tossed its cap over the wall of space, and we have no 
choice but to follow.”  You may remember that. [As a result, today] in 
San Antonio, we have this significant medical, bio, life, and health 
industries, about 20 billion dollars [a year annually in our 
economy].  We have two bio [safety] level four facilities that hold 
[pathogens such as] Ebola [for vaccine research].  [San Antonio 
houses] the most powerful scanning electron microscope in the world, 
at the University of Texas San Antonio, donated by the King 
Ranch.  Then we have programs at the community college and high 
school level – for example, ION, funded by the National Science 
Foundation for nanotechnology recently.  

The very first U.S. astronaut to walk in space was Lieutenant Colonel 
Edward White from San Antonio, Texas.  We called our robotics 
[program] when we set it up in [2005] in San Antonio “Space Teams” 
– TEAMS for technology, engineering, arts, math, and science  – and 
“Space” because we wanted to contextualize the robotics education 
and the theory with something we thought students would find 
interesting. 

I mentioned General Bernard Schriever earlier.  He went on to become 
the father of the U.S. Space and Missile Program.  He controlled 40% 
of the Air Force budget at one time.  The Alamo Heights [High School] 
rocketry program in San Antonio, Texas has produced a rocket that 
was launched at Mach 2 to 100,000 feet in the air.  It was launched at 
White Sands Missile Range.  So there is this continuity between our 
history and our culture and the kinds of jobs in industry we have and 
the programs we have [illustrating that STEM is culturally and 
geographically bound].  

What do we mean when we say STEM?  I really think what we mean 
when we say STEM is the technological transformation of existing 
situations into new situations.  When we talk about STEM, we’re 
usually talking out of a motivation and need to do something different 
and new because the world around us has changed.  I think that’s 
really our Sputnik moment.  The requirement in this new world is a 



shuffling of knowledge.  Essentially, what’s happening today in the 21st 
century is, for example, this new kind of industrial intelligence, the 
new kinds of technicians or engineers that we need that operate at the 
intersection of cyber and physical systems have to put knowledge 
together in a new way. 

What we see motivated by the change in STEM is a requirement 
organize knowledge in new ways, to organize our organizations in new 
ways.  Have you gone through restructuring?  You’re trying to figure 
how to work better as teams across departments, across institutions, 
and partnership with other people in your community.  This is all 
motivated out of the need to change because of the demographic 
changes, the science and technology changes, and the globalization 
changes. 

New markets are beginning to emerge.  There are new structures in 
these markets.  Old markets are beginning to change.  Think about 
how you get music today or the impact of digital downloads on the 
music industry or the movie industry.  That’s motivated by these 
[STEM] changes.  New technical systems are coming into play.  New 
kinds of human capital organizations and efforts are needed.  New 
curricula is needed – a restructuring of curricula, human capital, 
technology, markets, industry, organizations, and knowledge.  This is 
big.  It’s really big.  It’s post, post industrialization.  I call it the robot 
age. 

[In conclusion], I want to show you a couple of education pathways to 
innovation.  Bill [Symonds from Harvard], of course, shared this with 
you [this morning].  [By 2018,] thirty-three percent of our students in 
the United States will need a University Degree or higher [according to 
Georgetown in Pathways to Prosperity].  Thirty percent will need at 
least two years of education beyond high school.  Thirty-six percent 
will have a high school degree or less.  I believe that the path to 
balance that output is what I call classical contemporary 
education.  It’s the classical education we’ve always done, and what’s 
different is changing the definition of excellence, making career and 
technical education something for every student, rather than an option 
for students. 

If you get my PowerPoint after the program, I have the characteristics 
that I’ve worked out over the last five years or so of what these 
schools have in common.  

What I want to show you is that this is the kind of data we need in 
Texas to get other people on board with what we’re talking 



about.  This is what I believe is the most advanced program in the 
country at a state level.  It’s Maryland.  If you look at Maryland’s data 
[CTE: Educating Tomorrow’s Workforce Today] – this is from 2008 – 
this bar graph shows the percentage of students completing four 
science credits with a grade of B or better.  For all students, it’s 
7%.  For environmental science, pre-engineering, and health 
occupations, it’s 20%, 20%, and 35%. 

What we can show if we’ll do the data in Texas – and I’ve seen data 
like this for the Rio Grande Valley area – is that our career and 
technology education students are dealing with the rigors of science 
[technology, engineering and mathematics] because that’s what’s 
required for the kinds of career education they’re studying.  They’re 
not sacrificing the chemistry and the biology in the physics class if 
they’re going to be nurses.  It’s a requirement.  The same thing in 
math.  This is Maryland [CTE: Educating Tomorrow’s Workforce Today, 
2008], percentage of students completing a math course about 
Algebra 2 with a grade of B or better.  For the entire state, it’s 
17%.  For health occupations, graphic design and art, pre-engineering, 
business systems, and computer programming, it’s 41% to 59%. 

We can show that students that are in career and technical education 
are ready for the rigors of academics.  This is Denton Independent 
School District, TX, not far from here.  In 2010, their career and 
technical education program partnered with their engineering program, 
and they broke the world speed record for 79-volt dragsters, not the 
high school world speed record, THE speed record. [Laughter]  

This is the Alamo Heights Group that launched at Mach 2.  This is the 
Information Technology & Security Academy students in San Antonio, 
Texas that are currently the reigning champions nationally for cyber 
security in the high school non-military [service] division. 

Essentially, what these programs have in common is 
transdisciplinarity.  They stand on the knowledge we have, face the 
world in which we live, and work in an applied way to solve problems 
[and create opportunities].  This is called 
transdisciplinarity.  Transdiscipline is the organization of people across 
academia and institutional silos to innovate.  Innovation is the creation 
of new knowledge, new tools, new processes, and new systems. 

It looks like this homepage [from Olin College]:  Learn to solve real 
world problems before you get there, real world applications, learn to 
do by doing, and apply your engineering to solve local community 
problems.  Innovation is how we move forward.  



Denton Independent School District does it like this: Send us your 
students if you want them to be doctors [or nurses].  Send us your 
students in the Career and Technology Education Center if you want 
them to be lawyers.  Send us your students if you want them to be 
architects, or machinists, if you want them to be in [IT] or cyber 
security, crime scene investigation, 911 dispatch, movie [special] 
effects, videography, or welding.  They’ve married their four-year 
programs and their two-year programs in CTE as preparation for both, 
[academic and CTE], not one or the other. 

In San Antonio, we’ve connected formal and informal learning 
programs initially with a grant from the Texas Workforce Commission 
to build elementary, middle, and high school programs in robotics 
designed to feed our cyber security requirement in a systemic 
program.  What we’ve been able to do over a couple of years is in San 
Antonio you can complete your associate’s degree in information 
technology at a community college.  Dr. Carol Green who is here from 
Texas A&M San Antonio will admit the [cyber completing] students as 
juniors into Texas A&M San Antonio. 

If we get this right, that’s how it will work.  Doing this won’t be about 
just producing more students that have two-year degrees or industry 
certifications, but more students that have a bridge to the future to a 
four-year degree.  

The intent was to feed the robotics program into our IT program.  This 
is one of the high schools, Holmes High School.  This is the 
Information Technology & Security Academy.  The students who won 
the national competition gained part-time employment over the 
summer at $25.00 per hour.  They all had to have security clearances 
from the Defense Department, so there were some big hurdles to run 
through to get kids under the age of [18] security clearances.  Two of 
them I understand are now working full time for… contractors for the 
Defense Department on cyber security issues at the 24th Air Force in 
San Antonio, Texas.  Learn more today at 2:00 to 3:00 p.m. at Texas 
Cyber. 

We’ve gone through the structure of technology, STEM, and some 
educational pathways to innovation.  I shared with you this issue: [our 
virtual Sputnik moment].  What I really believe is our mandate leaving 
this room today is to deal with this college readiness and career 
readiness being in two distinct silos.  We have to be the bridge to 
connect these silos together.  The role of education, workforce, and 
economic development in U.S innovation and competitiveness is to 
cultivate innovation and innovators, and you need to champion the 



next generation of CTE.  That is what I would like you to do when you 
leave this room.  Thank you very much.  [Applause]	  


