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Executive Summary

Introduction

STEM + CS

Science
Technology
Engineering
Math

Computer Science

The combined total all twenty-six public universities of USG (The University
System of Georgia), and all private universities in Georgia are currently producing
ZERO teachers for K-12 teaching in the fields of Technology, Engineering, and
Computer Science. Furthermore, GaPSC, the Georgia Professional Standards
Commission rate of teacher certifications, for teachers from all sources, for these

same fields are effectively zero.

*source: University System of Georgia, Academic Data Mart and/or Student Information
Reporting System (CIP Codes: 13.1309, 13.1319, 13.1320, 13.1316, 13.1311, 13.1322, 13.1322,
13.1329); Georgia Professional Standards Commission



Introduction

STEM+CS, Science, Technology, Engineering, Math, and Computer Science is crucial to the
success of our country. Nationally, billions of dollars and countless hours of effort are invested
in STEM+CS education and initiatives.

K-12 students today are exposed to and are pursuing STEM+CS interests and activities at a rate
that is unprecedented in history. Corporations, foundations, and school districts are making
investments in infrastructure, and activities that support student engagement and STEM+CS
learning. Popular culture, social media, and television shows present STEM+CS activities in a
visible and meaningful way. STEM+CS mentoring organizations such as corporations, foundation
and other advocacy groups work to inspire and motivate young students into STEM+CS pursuits.

High school student interest in pursuing STEM+CS careers is high. Students pursuing engineering
and computer science related post-secondary studies is increasing and becoming increasingly
competitive. At the high school level, the implementation of College and Career Academies, and
STEM+CS oriented high schools have increased the demand for teachers that can teach courses
in technology, engineering, advanced manufacturing, cybersecurity, information technology and
computer science. Interest in these 21st-century disciplines continues to grow amongst
students, parents, and school administrators and districts. At the same time that interest and
activities in STEM+CS fields have increased; the development of a robust teacher pipeline has
not occurred. This problem is not new.

Two of the most critical issues in American education today are the issues of developing human
capital for teaching, and governance in education. Governance is hotly debated, weighing the
merit of public versus private versus charter schools. Debates rage about curriculum, standards,
and testing. Historically, focus has been on what schools and teachers do, and student
performance. Much less attention has been paid in how we create robust ecosystems for
teacher development. The issue of governance in education is connected to how we develop
human capital for teaching. The governance of our school is mostly delegated to the lowest level
possible, in the American tradition of local control of schools and education. This philosophy is
reflective of the founding of the United States, and the implementation of the 10th
Amendment, powers reserved to the states.

In 1952, President Dwight Eisenhower, in response to a rapidly changing global national security
climate, declared it a national priority to improve the scientific, engineering and technological
capacity of the United States. He pressed the Federal government into service, pursuing efforts
to support the development of a new generation of STEM teacher. This effort included the
creation of the National Science Foundation. Every President from Eisenhower through Obama
has worked to support STEM teacher development. The Federal effort to advance education,
and teacher development and governance, is limited by the Constitution.

To date, the United States has yet to solve the problem of creating a robust system that will
produce high-quality STEM+CS teachers in sufficient quantity to meet the demands of the 21st
Century, 4th Industrial Revolution economy.



Georgia is producing new teachers at the lowest rate in over 20 years!

At the same time, the number of graduate degrees granted is at a near peak, presumably as teachers are
seeking professional development and increased pay.

The chart below, in blue, is a plot of the production of new, undergraduate teachers by USG. The plot in
brown is the production of graduate degrees, masters, educational specialists, and doctorates.

USG Teacher Degree Production 1998 - 2018
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Compare the teacher production rate with the Standard and Poor’s 500 Index, as a measure of
economic success in the general economy. Note the following: 1) the decline after the 9-11 incident, 2)
the credit market freeze in 2009, and 3) the improvement from 2009 to present.

The crash of 2009 and subsequent budget cuts, plus the improvements in the general economy
correlate with the exodus from teaching.
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Discussion and Relevance of this Issue

The State of Georgia has a vibrant economy. The state economy is strong in Aerospace, Advanced
Manufacturing, Information and Cybersecurity, FinTech, Defense, Entertainment, and Life Sciences, to
name a few sectors. The state consistently is recognized as being a top choice in supporting business,
and economic development.

Georgia is widely recognized as a leader in many areas and is a destination for people wanting to
improve their life. According to the American Enterprise Institute’s Norman Ornsteinby 2040, 1/2 of the
population will live in 8 states, including Georgia. According to the Georgia Governor’s Office of Planning
and Budget, Performance Management Office Report entitled “Georgia 2030, Population Projections”
the state population will increase from 10.4 Million in 2017 to 14.7 million in 2030. This is a 41%
increase over a 13 year period.

Georgia Population 2009 - 2018
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How is Georgia going to support the current robust economic development initiatives and projected
population growth without an ample teacher supply? Note that from 2010 to 2018, USG teacher
production of new undergraduate teachers fell by nearly 1/3. In 2010 USG delivered 3,347 new BS and
BA degreed teachers and in 2018 only 2,293 new teachers, a 31.5 % decrease.

As we have entered the 21st century the world has changed dramatically. The 4th industrial revolution is
upon us and driving change at an unprecedented rate, accelerated by the development and
implantation of embedded computers, and other digital technologies across a vast spectrum of
activities.

Since President Eisenhower called for improving what we now call STEM, CS, and CTE education in 1952
the world has dramatically changed. Air travel has been perfected, with over 100,000 commercial flights
daily, with over 2/3 million people in the air at any moment of the day. Global communications are
perfected, with video, audio, text, and phone messages moving across the planet in milliseconds.
Advanced manufacturing has transformed the workplace. Artificial intelligence applications are invading



all domains. Advances in healthcare, driven by engineeri=-ng and scientific advance, are providing
healthcare solutions that were once the domain of dreams and science fiction. We can put advanced
robots on Mars, nearly 34 million miles away. The Mars rovers Spirit and Opportunity were sent to Mars
with a 90 day expected useful lifetime. 14 years later, they are still in use conducting scientific
discovery. Here on earth, the capability and lifetime of today's automobiles and electronics are modern
miracles compared to the technology of 50 years ago. For all the advances made in our society, the
ability to create and sustain a robust teacher pipeline has not advanced to any significant degree.

Despite the failure of the ability to create a robust teacher pipeline, there is some good news.

Student interest in STEM, CTE, and CS activities and careers are at an all-time high. The world’s largest
STEM competition for students is FIRST, a non-profit educational organization, with four programs
serving K-12 students in after-school programs that inspire students to pursue STEM, CTE, CS-related
activities. In Georgia, there are now over 1,000 K-12 student teams in FIRST. Worldwide there are over
61,000 teams, in 86 countries, serving over 515,000+ students.

There are many other organizations to engage and support student interest in STEM and computing
activities and interests. Support comes from non-profits, corporate partners of every description, and
organizations such as the Department of Defense. Code.org is an example of a non-profit that supports
computer science education. There is an all hands-on-deck approach to advancing and supporting
student STEM education initiatives. All hands except for colleges of education, not only in Georgia but
nationally. In defense of the universities, they are constrained by resources. One resource is time, space
and money. More importantly, the resource is a dearth of knowledgeable people that can precisely
address the issues and implement a robust teacher development pipeline.

Because of efforts of many people, including organizations such as FIRST, code.org, Science Olympiad,
and other activities, corporate and foundation partners, and an existing pool of energetic teachers,
progress is being made. In Georgia, USG produced in 2010 only 1,693 engineers with BS degrees. In AY
2018, USG produced 3,110 new BS degreed engineers, a stunning 84% increase. More impressively is the
increase in CS and IT related BS degrees conferred by USG institutions. In AY 2010 USG conferred 851
degrees and in AY2018, 2,576 degrees were conferred in CS and IT areas, a whopping 203% increase.

While this is encouraging news, we have a long way to go, as we have not yet implemented a robust
teacher system, nor implemented widespread implementation of the 43 Technology, Engineering, &
Computer Science classes.

Georgia’s HDCI, High Demand Career Initiative is a frontline report on the types of problems we need to
address in workforce development. State investment is improving the ability to deliver a modern
workforce, through TCSG, USG, and other agencies. The GaDOE has addressed this issue by expanding
and further development of 43 middle and high school courses that address technology, engineering,
and engineering technology, and computer science needs.

An example of the breakdown is as follows. The state is now home to the National Security
Agency/Central Security Service in Augusta. U.S. Army’s Cyber Command (ARCYBER) Headquarters is
moving to Georgia, creating close to 4,000 new jobs by 2019. On July 11, 2018, Georgia’s $ 100M
Georgia Cyber Center opened. Georgia’s information security business cluster generates nearly S5 billion
in annual revenue and is home to more than 115 companies including major players like IBM, Dell,



Verisign, and VMware AirWatch. USG institutions are establishing cybersecurity programs in the
academic programs.

However, activity is uneven. Governor Deal led an effort to establish computer science, information
technology, and cyber security courses and pathways in Georgia’s high schools. Graduation
requirements were changed, allowing a student to earn foreign language credit for computer science
courses. An analysis of GaDOE courses offered in AY2016 statewide revealed that only 1.1% of students
statewide had access to cybersecurity courses. While the state has made a significant and vital
investment in cybersecurity initiatives, there is much left to do in K-12 education, implementing
computer science and cyber security courses, and developing a robust teacher pipeline to support this
activity. The most casual examination of the current environment will demonstrate that the United
States is experiencing a significant attack by adversaries in the area of cybersecurity.

STEM, and CS classes in K-12 are popular. Private and non-profit sector investments and support are
robust. Post-secondary pursuits in STEM and CS is growing. Schools are finding ways to muddle through
and teach some STEM and CS, in spite of the lack of a robust teacher development system by colleges of
education. Alternative certifications, internet resources, non-traditional pathways are providing some
relief to schools. A recent analysis by Georgia Professional Standards Commission (GaPSC) reveals there
are now 41 institutions in Georgia that can grant teaching credentials to persons. 21 institutions are NOT
universities, and 20 are universities. This means that over % of teacher credentialing institutions are not
universities. This prompts the question of the relevancy of colleges of education to the modern
economy in producing teachers, especially STEM and CS teachers.

It is an interesting question to ask, how the economy could be affected if universities asserted
themselves, engaged in these issues and developed a robust and modern teacher development
pipeline?

The issue of developing a robust teacher pipeline is not solely the job universities. It takes a village to
make and support a teacher. From an early age, students are encouraged to enter STEM fields.
Anecdotal evidence indicates there is no encouragement of encouraging students to enter STEM
teaching. Instead, students are discouraged from teaching. We must change the culture and attitude
toward teaching in general. It is well known that pay and work culture are critical issues to be addressed.

We are producing effectively zero teachers for technology, engineering and engineering technology, and
computer science. Nor is it known that student is interested in potentially pursuing a teaching career.
Based on my interviews of students, they have never considered the possibility because no one has ever
asked, and if they are interested, there is no obvious entry point into a university program.

Developing a robust teacher pipeline will require an integrated effort. School districts, state-level
education agencies such as GaDOE and USG institution, working with non-profit STEM initiatives and
their corporate partners need to deliver the systems, and the message that will inspire, recruit and
deliver the next generation of teachers.



Correlation of after-school robotics and
USG engineering and CS degree production

In 2003, the non-profit, after school robotics program called FIRST Robotics Competition came to
Georgia. The chart below is shows the growth of this high-school program that connects students with
engineering and computer science and inspires students to pursue STEM careers.

FIRST Robotics Competition in
Georgia
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If you ‘time shift’ the plot of FIRST growth in Georgia, to the right, you will see a correlation of the plot
above, and below, the growth of BS degrees conferred in engineering. The time shift is done because
high school students need to finish high school and then college.
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While not absolute proof, it is not a great leap to infer that increasing high school student interest in
STEM would ripple into USG rates of degrees conferred.



10-year trend of FIRST programs in Georgia for K-12
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FIRST was approved as a CTSO,
Career and Technical Student
Organization in May, 2016. This is
the 1% instance of FIRST as a CTSO in
the United States. Note the uptick in



10-year trend of USG degrees conferred — undergraduate
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10-year trend of undergraduate USG Teacher enroliment
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Systemwide, total enrollment in undergraduate teacher degree programs has been in constant decline
over the last decade.

Total enrollment in undergraduate education teacher degree programs has declined 20% from just
over 8,000 students in 2010 to only 6,400 students in 2015.

The decline has appeared to have stabilized.



10-year trend of undergraduate USG Teacher degrees

The trend for teacher production in Georgia is not good news!
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The Population of Georgia contindes to grow.
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20-year trend of undergraduate USG Teacher degrees
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20-year trend of undergraduate USG Teacher degrees
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For AY 2018, the Georgia Department of Education reports 2,299 total schools, of the following type:

o K12 13 grade levels between PK-12 or K-12
e Elementary 1,323  grade levels between PK-5

e Middle 484 grade levels between 6-8

e High 479 grade levels between 8-12 or 9-12

Teacher production for technology, engineering, computer science, physics, and chemistry is
effectively zero. If only one technology and engineering teacher, and one computer science teacher
were provided into every middle and high school, this would require nearly 2,000 teachers today!
This production rate does not consider elementary school requirements or multi-teacher needs in
more advanced highs schools and college and career academies.



20-year trend of undergraduate USG Teacher degrees
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Certification Rates by Georgia Professional
Standards Commission (GaPSC)

Credentialing is explained by the following narrative from GaPSC:
There are two types of credentials, “fields” and “endorsements”.

“Fields” are the result of full educator preparation programs intended to certify newly prepared
educators to teach a specific body of content. Those newly prepared teachers would be “in-field”
to teach content in that field of preparation.

“Endorsements” indicate added expertise, and modify a base certificate. Some endorsements
indicate acquisition of sufficient content knowledge to make the holder “in-field” to teach
content in that field (this is true for the Computer Science endorsement), while other
endorsements show acquisition of enhanced teaching knowledge in an area, but do not make
the holder “in-field” to deliver a particular body of content (true for the STEM endorsement.)

Also note that some certificates may be “in-field” for content areas other than that named on
the certificate. For example, Mathematics (6-12) certification is “in-field” to deliver many
Computer Science courses. See CAPS to determine which certificates are “in-field” for specific
courses. https://www.qgapsc.com/Certification/CAPS.aspx

Also note that the Computer Science certificate did not exist prior to 10/15/2015. “

(narrative above, and answers to ‘method’ questions below provided by Chuck McCampbell,
ClO, GaPSC, on Friday April 13, 2018)


https://www.gapsc.com/Certification/CAPS.aspx

There are multiple routes to become a teacher in Engineering/Technology or Computer
Science. The scope of the question being answer here is about Engineering, Technology or
Computer Science teaching.

Method 1 - Traditional Undergraduate Teacher Preparation. This is the traditional 4 year BS or BA
program.

In FY2017, USG produced 2586 Bachelor’s Degrees in Education
e 0 Computer Science Education
e 0 Engineering & Technology Education
e 13 Trade / Workforce Education
e 17 Science Teachers (4 General Science + 13 Biology Education, 0 Physics or Chemistry)
e 38 Math Teachers

(Source: University System of Georgia, Academic Data Mart and/or Student Information
Reporting System SRPT602_P, 07/29/2017) (CIP Codes: 13.1309, 13.1319,
13.1320, 13.1316, 13.1311, 13.1322, 13.1322, 13.1329)

This answer is provided by researchers at GaPSC: [>>] In 2017, no new teachers certified in
Computer Science (P-12) were produced by Georgia’s public or private institutions of higher
learning (IHEs) in Baccalaureate programs. One teacher of Engineering and Technology was
produced. See chart 1 below. (‘unicorn’ produced by non-traditional progression through USG)

Method 2 — STEM major earns an MAT or similar, such as a GT graduate going to graduate school at
Georgia State

This answer is provided by researchers at GaPSC: [>>]In 2017, no new teachers certified in
Computer Science (P-12) or in Engineering and Technology were produced by Georgia’s public
or private institutions of higher learning (IHEs) in Post-baccalaureate programs. See chart 1
below.

Method 3 — Other alternative routes to credentialing a person

This answer is provided by researchers at GaPSC: [>>] This is where most of the production in
low-incidence fields comes from. In 2017, programs in school systems and/or Regional
Education Service Agencies (RESAs) approved under the Georgia Teacher Academy for
Preparation & Pedagogy provided eight new teachers certified in Engineering and Technology.
Note that certificate teachers can add certification in some content areas by passing the
appropriate content assessment. See chart 1 below. Regarding the Computer Science
Endorsement, see Chart 2 below.




Chart 1: Newly certified teachers by academic year (July 1) and source.

Sources

Certificate Field Academic Year | Bacc | Post-Bacc | GaTAPP | Test-in
ENGINEERING AND TECHNOLOGY 2017 1 0 8 23
ENGINEERING AND TECHNOLOGY 2016 5 1 6 47
ENGINEERING AND TECHNOLOGY 2015 2 0 4 84
COMPUTER SCIENCE (P-12) 2017 0 0 0 9
COMPUTER SCIENCE (P-12) 2016 0 0 2 0
COMPUTER SCIENCE (P-12) 2015 Certificate did not exist

Chart 2 - Production of Computer Science Endorsements by academic year (July 1).

Endorsement Academic Year Production
COMPUTER SCIENCE
ENDORSEMENT 2017 18
COMPUTER SCIENCE
ENDORSEMENT 2016 14
COMPUTER SCIENCE
ENDORSEMENT 2015 4




USG Production Rates

In Academic Year 2016, the institutions of the University System of Georgia yielded the following.

2635 - Bachelors Degrees in Education - TOTAL

e ~ 1,300 K-5 Teachers

e 18 Trades Teachers

e 17 Science Teachers (secondary)

e 38 Math Teachers (secondary)

e 0 Computer Science Education

e 0 Engineering, Engineering Technology / Technology Education

*source: University System of Georgia, Academic Data Mart and/or Student Information Reporting
System SRPT602_P, 07/29/2017) (CIP Codes: 13.1309, 13.1319, 13.1320, 13.1316, 13.1311, 13.1322,
13.1322, 13.1329)



USG Data Sources

The online sources for the USG Datamart are at: https://www.usg.edu/research/degrees conferred/

System Totals pages start at:

e 2018 pg. 30
e 2017 pg. 31
e 2016 pg. 33
e 2015 pg. 33
e 2014 pg. 25
e 2013 pg. 174
e 2012 pg. 178
e 2011 pg. 176
e 2010 pg. 171
e 2009 pg. 173
e 2008 pg. 1

e 2007 pg. 211
e 2006 pg. 213
e 2005 pg. 166
e 2004 pg. 176
e 2003 pg. 210
e 2002 pg. 140
e 2001 pg. 154
e 2000 pg. 152
e 1999 pg. 179, 203
e 1998 pg. 214, 240

The relevant CIP codes as defined by the National Center for Education Statistics are:

o CIP 11.xxxx Computer And Information Sciences And Support Services
o CIP 13.xxxx Education
o  CIP 14.xxxx Engineering

e CIP 15.xxxx Engineering Technologies And Engineering-Related Fields


https://www.usg.edu/research/degrees_conferred/
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