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EXECUTIVE SUMMARY

Purpose & Objectives

Georgia has the potential to become a leading state in thgréashg biotechnology industry. The state has
competitive research and eduoasl institutions, yet there isgersistent workforce development problem that
hinders advancement. The broad goal is to help inform our client, Georgia Bio, about the challénges a
limitations of the biotechnology industry in Georgia. Exploration ekéhareas, in combination with
comparisons to similar state markets should highlight opportunities and unfulfilled needs of the Georgia
biotechnology industry. The key questions added in the report are:

(@4

What specific opportunities or challenges exisGieorgia to suppottaditional and emerging areas of

the biotechnology industry?

O«

What policy incentives are other states using to support the biotechnology workforce?

Approach

This study used a mixethethods approach. After reviewing relevant literatwe examined policies a set

of comparable states to contrast biotechnology industry needs in Georgia with industry needs in other states

and conducted qualitative interviewswihp pr oxi mat el y 25 individuals sel ec!
biotecology industry or egcation system. We also collected and analyzed 135 industry job postings to

develop a snapshot of the biotechnology job market in Georgia and analyzed puhblielyla data from the

Technical College System of Georgia (TCSG), thevbrsity System of Gagia (USG), and the Georgia

Department of Education (GaDOE). Collectively, these analyses provide an overview of the biotechnology

industry in Georgia and can bieed to identify and prioritize efforts, including state government aayoto

support thenidustry.

Final Results and Recommendations
State Comparison:

Results from the state comparative analysis show that there are promising opportunities fohgoogytiotit
Georgiabs biotechnol ogy wo rdclielorandedevel@gsrdnger ldegs@encesT 0 r e a
economy, Georgia should | ook to comparable statesbé
workforce for traditional and emdrm areas of biotechnology. Georgia Bio should consider facilitating

public-private partnershipbetween the state of Georgia, technical colleges, public universities, and industries
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to create training programs, s NGBiolmpact,farmew Nor t h Car ol
biotechnology workers. Georgia Bio should contimupromotecommunicatn-based efforts to connect

colleges with biotecindustries anadonsider working with colleges to develop a curriculum that will provide

students with the skd that companiedesre. Georgia Bio should lobby the state legislativéwdd traning

facilities that specialize in certain areas like bioprocessing or cell manufacturing, and offer companies grants to
cover expenses of.Fiealy GeargrlBio sheudd @lso work véth local leapers to set up

their own traifing prograns for new and existing employees.
Industry Evaluation:

Results from the industry evaluation show that internships and cooperative educatips)(ace needed t

prepare recent graduates, at t heechaoctogydassioantkeowledgel b ac h
and theory with practical skills developed in professi@e#tingsin addition, it is also imperative to invest in

t he f ut ur ebiotechnol@g landsgapeby building industry awareness in middle school through
higheeducatm. To hel p strengthen Georgiads biotechnology
industry partners to initiate industlyd afterschool initiatives ad industryled guest speaker events forpre

college students to develop studentiiest in botechnologyrelated fields at an early age.
Education Evaluation:

Results from the education evaluation indicate that the lack of understanding and awarsnes s, in
particular, precollege students, provides an opportunity to nurtudgdiaiand fgh school students interest in
biotechnology careers. Teacher development is also an area of concern. There are no known teacher
development systems in placeGeorgia that are designed to produce teachers for the biotechnology sector.
GeorgiaBio shouldadvocate for the Georgia Department of Education create a Georgia BioTech Career
Technology Student Organization (CTSO) that incorporates iIGEMS and relaiztivist Georgia Bio should
also advocatéor the USG to investigate ways to develiptechnobgy track teacher education system at the
undergraduate and graduate levels. La&Bgrgia Bioshould work to engage technical colleges and
universities and aahcate for increased attention to providing students with fellowships, interngfipsga

ops,to help students learn the-d@mand skills required by industry.
Overarching Conclusions

Georgiads biotechnol ogy i ndusa industry membeksfare optingsticitet b ot h
the state can stand as a frontline competittghenda i onés bi otech market. There a
opportunities to grow and strengthen Georgiabs biot

initiatives identified in this report.
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|.  INTRODUCTION

Background

The biotechnology industtyas been gidly increasing in prominence in the United States since the
field first showed promise in the late 1970s. In the early 2000s, there was a remarkable boarin Atna 6 s
biomedical industry during the race to complete the Human Genome, butreitdippedvhen the project
ended. By 2012, the United States showed no indication of specializing in efielduyer except that the
environmental sector was underdieyed (Friedrichs 2018). Total American investment in all types of
biotechnology sigificantly outpaced that of all other developed countries at nearly ten times the amount of the
nearest competitor in 2013. In 2012, the biotechnology industry contrib8Btbillion in revenues towards
the United Statesd e c o,rihefasthatbiGtachrnolegyg made up 6nly 8.8% of tbtal we v e r
American business investmeiiti the middling tier of proportionate spending compared to other developed
countriesT hinted at some level of restraint (OECD 2013). Over 40,000 people are cueraptlyyed abver
3,000 life science firms (Georgia BIO Report).

In 2010, eleven states were offering incentives directly to biotechnology firms, and 34 had applicable
tax aedits available for R&D (Moretti & Wilson 2013). When states were grouped badsdteahnology
workforce, research and development (R&D) fundang] state regulated environment in 2018, Georgia was
sorted into the lowest tier (Chao & Myers 2018). lis tlegard, there is more room for growth in Georgia than
other states. Although theotechnology presence is Georgia is not as ubiquitous assvdes such as
Massachusetts or New Jersey, the industry is rapidly developing as innovation, technologgearch
prosper. Not only is employment in life sciences increasing, but alsocota t r i but i on t o Geor gi
(Georgia BIO Report). In20178f sci ences directly contributed to $10
highlights one aspect of the @gia life sciences industrbiotechnology. Our goal is to uncover aspects of

thebiotechnology industry to understand how we can foster furtieath in the state of Georgia.

Report Roadmap

This report will proceed in three broad sections. Thedestion will provide introductory context in the form
of a literature review whichsas e s ses how fAbi otechnol ogyg,thes defi ned i
chall enges that the discipline current INextthaces, and
analysis and results section will present a comparative state evalaatiodustry evaluation, and an
education evaluation. The statekiation will establish the status of Georgia policies in comparison to other

10
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states. This state comparissindy consists of both a qualitative descriptive analysis of state biotechnology
workforces and a secondary data analysis of the production fateltege graduates with biotechnolegy
related majors within the selected states. In this way, the pabities states have adopted in support of the
biotech workforce can be used to deteremivhat kinds of policies could be appropriate for Georgiafdine
states included in the state comparison are North Carolina, Tennessee, Florida, and Washingtba. Next, t

i ndustry eval u-thég roonu nbdedg i pnosr ttihoen foekultstohirdervewsavithyjosal s  wi t F
biotech industry personnel andgtatewide job posting analysis. The analysis and results section then closes
with an education evaluationhich, similar to the industry section, consists of the results of interviews with
education personnel from local high schools, the TCSG, and the BkS@ell as an analysis of secondary data
from TCSG, USG, and the GaDOE. Together, the industry and eslueathluations offer perspectives on
Georgia biotechnology workforce needs, inclagihe perceived and directigeasured status of the workforce
talent pool as well as the people and institutions which support it. Following the analysis and resuits sectio

the report concludes with a preliminary set of policy and program recommendations
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.  LITERATURE REVIEW

Biotechnology Development

A preliminary review of the current literature indicates that biotechnology is facing challenges
worldwide. Finding fundindor such an innovative and volatile field is inherently challenging (Kolympiris, et
al. 2011). Exacerbating this issue, the talent to workforcdipgr biotechnology is leaking on both ends in
promising regions like Georgia. Industry anecdotes ineit@t biotechnology firms are struggling to recruit
and hold on to talented workgfBhompson et al. 2018; Liu & Schmid 2009; Georgia Bio 2019nhcGoently,
there have been historically low retention and graduation rates for STEM students. StudRe0B&809
and 2012, for example, show that less than half of STEM associate dagdétates and STEMeclared
bachel or 6 s de grcessfullggradwhtinglveith STEM degrees (Tamski 2016). The two sides of

the equatiofi education and industiyare conspicuously at odds on these causes of workforce shortages.

Industry profesionals point the finger at traditional education programanahgi that new graduates
must be leaving school{ifirepared for what industry work is actually like. Direapervisors complain that
new hires come in lacking the knowledge necessary farrbles. Hiring agents similarly report that job
applicants lacknultidisciplinary soft skills like business, management, and policy acumen (Thompson et al.
2018; Liu & Scimid 2009; Gunn et al. 2013; Narasimharao 2010). Graduating students seem to tbasfirm
knowledge gap, asserting that they left school feelingahigsbout and unprepared for the reality of current
career prospects in biotechnology (NRC 1998; Fonseda2i18; Narasimharao 2010). Concerningly, on the
other end of the equation, teacharrofessors, and university career counselors report beiagiliaf with
the biotechnology industry. This unfamiliarity means that, not only do educators not knojolehaite
available for their graduates, but educators also lack the resourcesanetessidge the knowledge gap in a
way that will keep studenengaged enough to pursue related career paths (Borgerding et al. 2013; Fonseca et
al. 2012; Kidman 2009).

Numerous attempts have been made to address workforce retention. One soluties adjisting
schooling to better reflect neresearch science regers, which would incorporate multidisciplinary readrld
skills like business, sales, and regulatory kisolge (Gunn et al.; Cramer & Hamilton 2017). Another potential
fix involves expandig the talent pool by increasing recruitment and retention afrgedved, notraditional,
and foreignborn students (McQuaid 2010; Tanski 2016). A handful of pilot progjaross the country have
attempted to better prepare more students for biotechndigyees by expanding recruitment angriogram

access to realork experiences, however, the small sample sizes and short time frames of the studies preclude

12
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conclusiveresults. Additionally, the quality and integration ofgrogram internships caussignificant

variation in effectiveness (Cramer & Hamilton 2017).

As disagreements and confusion continue on the individual level, state governments are attempting to
use pdicy to encourage growth. Georgia can gain insight about how to grow its own Iiolegj industry by
comparing itself with other states that sheigns of more development. The Ralelgarham region in North
Carolina, for example, is the closest majatéchnology hub to Georgia in the Southeast region (Chao &
Myers 2018; Moretti & Wison 2013). Understanding what North Carolina and other sintélsswith
biotech hubs are doing may offer inspiration to policymakers in Georgia. However, while statadanger
workforce, R&D funding, and supportive legislation generally have nairest biotechnology activity,
pinning down the details of whatilwvork in Georgia remains difficult (Chao & Myers 2018; Moretti &
Wilson 2013). For example, while theszsome evidence that subsidies correlate with increased employment
and attractivenss t o fist ar scientists, 0 ttthGewilsom20E3). Sirhilarlly,et ur n r e
attracting venture capitalist investors has produced inconsistent and liestét (Kolympiris et al. 2011).
Prior literature has demonstrated that ventupgtabinvestments are higher when venture capital are within a
ten-mile proximity to the biotechnology firms. In addition, biotech firms that are older and more established
and have also received government funding are more likely to receive funds frerdistant venture
capitalists (Kolympiris, et al. 2011). Ultimrelt v, addr essing Georgiads biotech

by the ongoing battle about how to accehatlefine and measure the impact of the field.

Biotechnology Definitions

Biotechnobgy is challenging to define both in practice and theory. The term has been used to describe
an array of groundbreaking activities at the juxtaposition of science anakeghnThe difficulty in defining
biotechnology extends to pinpointing its8l ecoromic impact and, therefore, any workforce related challenges
(Bud 1991; Carlson 2016). Although individual financial and health contributions often result in top headlines,
governments struggle to keep up with the-famted advancements to detére an dkinclusive measurement.
Similarly, even individual practitioners risk overlooking emergingfelos outside of their specialization.

The intergovernmental trade orgariaa, the Organisation for Economic Cooperation and Development

(OECD) pravides thefollowing single definition of biotechnology, narrowed down from an initial eleven:

Al Bi otechnology is] the application llafpas,ci ence a
products and models thereof, to alter living or+figing materials fa the production of knowledge,
goods and services. o0 (OECD 2013)
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This definition is purposefully broad and unspecific to leave room for everything biotechnology is now
andeerything it could become i n t ldcanolbgyandinnevatonOECDG6s D
pointedly classifies biotechnology as an area of #nf
different origin are blended into one (Friedridisl 8). If biotechnology were a river, its tributaries would
include many ®isting fields in biology, chemistry, genetics, nanotechnology, and more as filtered through the
market and legal practicalities of business and policy. Establishing clear boundauied the stream of

inputs is essential to accurately assess the biotémyly wokforce in Georgia.

There are a few favored strategies for simplifying how we think about biotechnology. The first
involves dividing and color coding the field based on fiomality (Kafarski 2012; Barcelos et al. 2018). With
upwards of ten colsr however t he bi otechnol ogy fArainbowd can qui ck
Biotechnology can be more cleanly divided into six primary areas according to the productlasipdiin
order of popularity based on an analysis of relevant patems$9962012, the sulfields of biotechnology
are genetic/molecular, pharmaceutical/medical, industrial, analytic/bioinformatics, agricultural/food, and
environmental (Friedrichs 28). By focusing on the most popular applications, however, American
biotechnology @n be condensed into medical biotech (drugs and other tnekitbd uses), industrial biotech
(nonfood products like biofuels and enzymes), and agricultural biotech figwéod and crops) (Carlson
2016).

Biotechnology Measures

There is a wid-open fidd of opportunities in biotechnology across the United States, but issues
pinpointing the definition mean that there are a variety of different approaches to measurareent. T
biotechnology sutindustries finally showed signs of coming out ah#e2016 when researchers
experimented with using estimated total revenues to measure economic impact. Economic impact is commonly
calcul ated by wusi ng GDIRortaAmérican imgustialClassificatouSysteBiur e a u 6 s
(NAICS). Since there is ngingle NACS code for all biotechnologelated industries and many codes meld
nonbiotech and biotech activities together, however, an alternative method has to be used. Btwd200.6
Nature Biotechnology, researcher Robert Carlson tried to crea¢@sure btotal revenue to estimate
economic impact instead. The inputs for total revenue included corporate financial reporting, USDA crop
market price and seed usage data, angega with private consultants. This method showed that biotech
revenues &ve growrsteadily since 1980, peaking at 5.4% of GDP between 2007 and 2011. Notably, the
biotech industry did well midecession from 2002003, which suggests that the industry salhperform
well in economic declines. In 2016, American agriculturatdchnol@y was estimated to contribute $128

billion in revenue, industrial was estimated at $105 billion, and medical was estimated at $91 billion. While the
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methods to deduce theeaumbers are promising, they remain estimates due to a persistentdaniptéte,
publicly available data. Activities in certain niche sdztors or small biotechnology operations within large
non-biotech companies were likely overlooked in the streigglcapture the entirety of the field (Carlson
2016).

Another creative mtbodtodé er mi ne t he status of an industryos
unavailable is to investigate current jobs postings. Researchers Helen Liu and Molly B. Schmidi used jo
posting analysis to estimate the current job opportunities within biotémgy ail pharmaceutical companies
in their study published in the Journal of Commercial Biotechnology in 2009. Specific workforce shortages
were addressed by classifying the jalssording to function. Functions included laboratory -tadroratory,
manuacturing,clinical/regulatory, general/administrative, and sales/marketing. According to the job posting
analysis, the majority of apobsateingmblenatdeadnvero mpani es w
companies, job types were more evenly distribuidégse Liug& Schmid (2009) results offer a helpful
shapshot of the American biotechnology industry. Due to the variation in biotechnology development across
the country, however, repting a similar analysis at the stideel is necessary to develop targesolutons.

15



Alu, Barker, Doris, Prevost, & Saunders

Ill.  STATE EVALUATION

State Comparison Overview

Before diving into the state evaluation section, it is important to note that Georgia is not the primary
focus of the reswch. Instead, the idea of the state comparison is to frame the st&esrgfa wihin the
context of the biotechnology industry in comparable states. Additionally, there is no known comprehensive
survey that performs a state by state comparison ofitkechnology sector and the related subfields. This
makes it difficult todirectly make accurate comparisons. This type of comparison, however, can help us begin
to understand what other states are doing to bolster their biotech industry and attract vadekers and firms

from across the country.

The state$ Florida, NorthCarolina,Tennessee, and Washingtiowere primarily selected based on
client preference, regional proximity, and comparable industry size and growth rate. North Carolina was
partiaularly selected due to the reputation of its biotechnology cluster. Blgegons andhitiatives described
are prime examples of the types of positive attributes that can be adapted to attract talented individuals and
firms to Georgia. Information in théade comparison section was primarily gathered through secondary
analysisof industly associations, governmental reports, and press reports from state biotechnology
organizationsThese reports provided information on the status of the biotech industaghirespective state.
These reports enabled our group to conduct aadition keypolicies and programs.

Three important trends or themes stood out from our research on the other states. The first trend
focused on the types of funding or tax incentithest each state used to grow their biotech industry. The
second trend exaned the iitiatives that were being developed at universities and technical colleges. The
final trend consisted of the efforts taken by each state to develop a biotech workf@mdecsmieet the needs
of biotech companies. The state comparison sectibeanclude with a short, datdriven comparison of the
number of Dbachel ordés degrees conferred in each of

overview of kg findings that were collected as part of our research biotech polici#isenstats.

16
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Figure 3-1 State Biotechnology Trends Summary
Research Universities |

State | Funding & Tax Incentives

Workforce Development

GA |1 Bio/Med Networki medium to 1 GRA EminentScholars: help lead 9 Quick Start Programprovides
conrect investment groups with starf  ground-breaking research projects attij training to qualified new,
up biotech companies statebs research expanding, and existing business
1 Georgia Centers of Innovation biotech| in the state free of charge
incubators located in biotech clusters | GA BioScience Training Centér
1 Georgia CTSA Researdpportunities supports training for new life
& Collaboration Support (ROCS) sciencecompanies
promotes collabotén for clinical
reseach among the major colleges in ti
state
FL |1 Capitallnvestment Tax Credit 1 Universities and technical colleges fror| 1 Executives of biotech firms in the
annual tax credit (up to 20 yrs) to across the state hateamed up to form | state are hesitamtith investment
attract companie§o qualify: a incubators tdielp young biotech money because they do not think
company MUST create a minimum companies potential employees are properly
of 100 jobs & invest $25 million in | § University of Florida Innovation Hub trainedfor ther jobs
capital costs Support biotech companies who build | 1 University of Florida is working to
1 Qualified Target Industry Tax Refun{ technologies in the university labs try to close thateadiness gap; hag
(QTI) 1 targets industes seeking to | 1 University of Florida Sid Main the Biotility program wviich was
expand gisting facilities or build new| Incubator Provides specialized launched in 2006
ones in the state facilities and busines support to o Offers short courses to
1 To qualify: a company MUST create|  startup companies professionals and students
a minimum of 10 jobs, pay an avera 0 Program seeks to expand anc
115% of area wages, & have local deepen knowledge on the
support technical and regulatory
details unique to the biotech
industry
NC |1 Business and Technology 1 Faculty Recruiting prograrilaunched |1 NCBiolmpact- public-private
Development Programmake by NC Biotechnology Center to attract| partnership that trains workers for
stratgyic loans to young biotech starresearch acul ty t o t| biomanufacturingjobs
companies who needed easltage and privateuniversities 0 Includestraining operations in
capital 1 University Research Funding: fills North Carolin
critical funding gaps needed to suppori college system
early stage development of university o NC State and North Carolina
inventions Central University have
1 As part of NCBiolmpact, technical facilities to offer hand®n
colleges develop tailoreghade training training for
curriculum for biotech companie®Vill advanced degree programs
assist biotech businesses who agreety 0 These facilities alsoffer
make a sizable capitalvestment that industry specific coursder
will deploy new technologies, create employed students
jobs, and enhance the skills of workerq 1 Offers firm-specific customized
training
1 Have centers that train specific
areas like bioprocessing and
pharmaceuticals
TN |1 TNInvestcoi intended to increase th{ { Has a statevide networkof accelerators|f Incumbent Worker Training: grani

flow of capital to new companies in
theearly stages of their developnte

9 INCITE Co-Investment Fund
provides investment funds to biotech
companies

1 Angel Tax Credit passed by the
state legislature in 2017

9 $1.5 million in credits helped spur
$5.2 million in investment

1 Accelerators attract entrepreneurs to tl

that are linkedogether (an accelerator
has been set up in each region of the
stae)

state and provides support to local
biotech companies

provides funding to busé@sses to
help thenprovide skills upgrades
and process improvement training
for existing employees

1 On-the-Job Training Grants: will
pay up for the cost of an employe
to receive training for a position
they have no prior experience in.

1 Memphis BioWorkd offers a free
job training program
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WA

1 Biotechnology & medical device
manufacturing sales & usexta
deferral/waiver

o Application for this tax waiver
must be filed and approved befo
a building permit is issued

0 Businesses must maintain a
qualified activityat the site

o Tax wavier expired in 2017

1 Life Science Washington provides
biotech companies with seurces to

national grants programs like Nation

Institute of Hea
1 Life Science Discovery Fund was
created in 2005 to help biotech
startups
o Fund was a key waytart-up
biotech companies could get
venture capital funding
0 Venture capital fuding growth in
WA outpaced growth across the
rest of the country (from 2012
2015)

1 University of Washington opened a ne
Life Sciences building in 2018 thants
growingdemand by students intereste(
in biology. Biology majors doubled
over the last 10 yeas at University of
Washington

1 Biology is the most popular STEM
major in the state

1 State saw a 9.5% change in life scienc
& global health academic R&D (from
2012-2014)

1 Life Sciences Discovery Fuiid
supported innovative research and
development; fund ended 2015
Provided 112 grants to universities
worth $106 million

1 NIH Protein Biotechnology Training
Program

0 Students are educated in the appli¢
aspects of biechnology

0 Trainees in the program are admitty
for graduate studies in academic
units like

o Chemstry, Bioengineering, and
Animal Health

0 Supported by a grant from the
National Institute of General

Medical Sciences

9 Currently developing a workforce
developmat strategy

1 A study commissioned by Gov.
Inslee highlights that the need to
address how the K2 workforce
will be developed

1 Might want to look to the NIH
Protein Biotech Training Program
for guidance Students in the
program get stateof-the art
training in basic scence

Funding and Tax Incentives

Prior to discussing what Florida, North Carolifi@nnessee, and Washington are doing in these areas,

it would be helpful to briefly discuss some of what Georgia is doing. In the area of funding and taxéacent

the Bio/Med Investor Network was set uphtelp biotech and other bazience related corapies. Bio/Med

acts as a medium to connect bioscience companies with investors who can provide them with necessary to

grow their businesses. This investor netaig supported by Georgia Bio, the Georgiadesh Alliance

(GRA) and the state research umgiges. In the university area, the Georgia Centers of Innovation has

developed incubators to help foster the growth of biotech companies. These incubaietspane the

biotechnology clusters of Atlaat Athens, and Augusta. In the workforce develepnarea, Georgia has the

QuickStart program which provides training to qualified new, expanding, and existing businesses in the state

free of charge. There &so the Georgia BioScience Training Centerchtsupports training for new life

science compaas who choose to locate to Georgia.

Florida

n Florida, Bi

oFIl ori da, t he

organi zation

who

advocated for tax pigies, direct investment, and other state irites to grow the biotech industry. Florida
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Enterprise provides a number of incentives for new biotech companies and for existing one looking to relocate
to Florida. One incentive is the Capital Investmeax Tredit (CITC) (BioFlorida, n.d.). This is amnual tax

credit up to 20 years that is usedattract and grow capitaéhtensive industries in the state (BioFlorida, n.d.).

To qualify for the tax credit, a company must create 100 jobs at minimum asd 8 million in capital

costs (BioFlorida, m.). Another Florida Enterprise incentive is ealified Target Industry (QTI) tax refund
(BioFlordia, n.d.). This tax refund targets industries seeking to expand existing facilities or build new facilities

in the state (BioFlorida, n.d.). In order tetghe refund, a company must create a minimuterofobs, pay an

average of 115 percent of area wages, and have local support (BioFlorida, n.d.). The state of Florida also offers

research & developmenttak @ di t s t hat equal tpemsesBoFlaidapntd).of a comp.

North Carolina

Venturecapital was another key to growing the biotechnology industry in North Carolina. Prior to the
Great Recession, the state was ranked in fourth in biotechrepegyfic venture capital (Easley Jr., 2011).
Additionally, the North Carolina Biotechnology Centreated a Business and Technology Development
Program. This purpose of this program was to make strategic loans to young biotech companies who needed
early-stage capital (Easley Jr., 2011). These smajh-hisk loans inject cash into funding new stigrt
companies (Easley Jr., 2011). Furthermore, these | o
commercial viability. A biotech startup in thetstavill receive a Company Inception Loan whighl provide
up $30,000 for them to conduct markesearch and develop business plans (Easley Jr., 2011). Once the
biotech startup reaches the reseanibnted phase, they will become eligible for two rouiederal Small
Business Innovation Research @a(SBIRsS) (Easley Jr., 2011). The North Cam@Biotech Center provides
a SBIR Bridge loan which allows companies up $75,000 to maintaird®aiopment momentum between
two rounds of SBIRs (Easley Jr.,20). If a biotech company has commercial paggnit will become eligible
for $150,000 Small Bsiness Loan (Easley Jr., 2011). Once a biotech company survives the early stages, it
may become eligible to receive a $500,000 Strategic Growth loan to acopthpa first round of venture
capital finanang (Easley Jr., 2011). The North Carolina Biotemlbgy Center has invested almost $20 million
in North Carolina companies (Easley Jr., 2011).

Tennessee

Tennessee has experienced growth in the biotech industitar to North Carolina and Georgia. In
their 2018 report, Biotechnology Innovation Organiaat(Bio) stated that Tennessee experienced a job gain
of 1,000 to 4,999 jobs between 2001 and 2016 (TECon
bioscience industry experienced a growth of omaisiand jobs (TEConomy/BIO, 2018). The sd@utorghat
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experienced the most growth during that time span were drugs & pharmaceuticals, medical devices &

equipment, and research, testing, & medical laboratfrie€onomy/BIO, 2018).

Research universitiesakie played a vital role in the growth of Tennes§es bi ot echnol ogy i
similar trend can be observed in both Georgia and North Carolina. Additionally, like its neighboring states,
Tennessee has empleesi providing funds to biotech startups. In 20e state implemented the TNInvestco
program.The purpose of the program was to increase the flow of capital to new companies in the early stages
of their development (TNInvestco, n.d.). The program alet&200 million in tax credits to various vergu
capital funds with experience developing neartsip companies in Tennessee (TNInvestco, n.d.). The venture
capital funds would market the tax credits to insurance companies who would purchase thetsawxitinedi
capital reserves (TNInvestco, n.d.) rthermore, the venture funds would the capitakrees from the
i nsurance companies to help the statebds startup com
create 1850 jobs as of 2017 (McGee,@0The investment groups involved in the pergrhave allocated
over $130 million to 187 compas (McGee, 2018).

Similarly, in 2011, the INCITE Gdnvestment Fund was created. The Fund was part of Governor Bill
Hasl amés | NCI TE i n andcreate knovdedgeased folis byt eacouragimgmlibtismess
investmeni{Launch Tennessee, )11t was created using $29.7 million of federal funding that awarded to
Tennessee from the State Small Business Credit Initidfiive fund is administed by Launch Tennessee, a
public-private partneship group that focuses on supporting entrepreneutshee development of higgirowth
companies in TennessdBICITE has awarded $55 million in investment funds (Waller, 2018). Currently, all
$28.8 million has been invested along with $&8ion in private capital launch Tennessee, 2019

Additionally, close to $60 million in followup capital has been invested

The Tennessee legislature addressed concerns over angel funding by énactmgel Tax Credit in
2017 (Waller, 2018). Tik tax credit program offers a tax credit against Hall income tax feqymbfied angel
investment (Waller, 2018). The Hal/l income tax is t
dividends fom investment income (Waller, 2018). The léagisre allocated $3 million to the tax credit
program in 2017 (Waller, 2@). About $1.5 million in credits help spur over $5 million dollars in investment
(Waller, 2018). Interestingly, 30 percent of the istoes who used the tax credit had not madena@siment in

the last several years (Waller, 2018).

Washington

Like the dher states, Washington state has provided biotechnology companies tax incentives. The

most notable tax incentive was a biotechnologmédical device manufacturing sales & use tax
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deferral/waiver. In order for biotech companies to apply for this tax waivey had to file an application and
have that application approved before they were issued a building permit (Department of Redenue,
Biotech businesses were also requietilé an annual tax performance report the year after their project was
certified (Department of Revenue, n.d.). Additionally, companies had to file these tax reports for the next
seven years (Department oé¥enue, n.d.). They also had to maintain aifiedlactivity at the site of the
investment project during that time spg@epartment of Revenue, n.d.). Sadly, the tax waiver expired in 2017
(Department of Revenue, n.d.). As is the case with the othes stashington also provided stapt biotech
companies with funding. The Life Science Discovery Fund was establisB@@%nand was a key source of
funding for earlystage biotech and biomedical companies in Washington (Garnick, 2015). Unfortunately,
lawmakers eliminated funding for the fund whenytipassed a budget in 2015 (Garnick, 2015). The end of the
fund halted th@rogress made by early biotech startups in acquiring venture capital funding. In a report
published by the Washington Department of Gmrce, from 2012 to 2015, Washington state edpacing

the rest of the country when it came to venture capital investt@@mmerce Dept, 2016). In the meantime,
Life Science Washington, the independent organization who lobbies to the state legisldralf of the

biotech industry, has been prding biotech companies with information on national grants that thegalg
for. One of the grants that organizati onSTMRghl i ght s
Niche Assessment Pragm grant.

Research Universities

Florida

Florida has made a lorigrm aggressive commitment to creating a biotechnatagster within the
state. By 2015, the state had invested hundreds of millions of dollars over a decade to grow the segment. The
intentis to create a biotechnology cluster, model#dr the cluster in San Diego, CA where the presence of a
significant nunber of highprofile institutes including Scripps, has resulted in the tlairdest biotechnology
cluster in the nation. Analysis angpiorts by Battele (2012) and the Ssentinal Pounds, Marcia H. 2015)
indicate frustration with the lack of progresseathaving made such investments. Despite the lack of return on
state incentive for firms to locate in Florida, there have been sonssl mirccesses. For instance, the
University of Horida has an Innovation Hub that helps support startup biotech compdruss developed
technologies in laboratories at the university (Clearinghouse, n.d.).The school also has the Sid Martin
Biotechnology hcubator which is located in Alachua, Floridis incubator provides specialized facilities

and business support torstgp companies (Clearinghouse, n.d.).
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Florida is now home to more than 1,100 biotech, pharmaceutical, and medical device companies.
According to BioFlorida, a membership organizatof or t he st ateds | ife science
quintile naionwide for total bioscience industry establishments and there were over 4,000 bioscience and
related patents issued within the stagédween 2009 and 2013.

North Carolina

Thehomegown startups are centered ar ath@abling,mest st at e (
bi otech research development clusters are near the
important because most biotech startups temtuiier near the scientists who developed their products and
these scielts are typically employed by the research institutions. When the biotechnology industry started
growing, the North Carolina Biotechlogy Center launched a faculty recruitment perg. The faculty
recruitment program was launched in 1987 as an annuslblidge appropriation to attract star research faculty
to the public and private North Carolina universities (Easley Jr., 2011)progeam has been very beneficial.

The North Canlina Biotechnology Center reports that since 2005, the National Insiftttealth has awarded
North Carolina $1 billion annually (NCBIOTECH, 2018).

Tennessee

Tennessee has set up a network of acceleratooss the state that are linked together (&ifience
Tennessee, 2014). These accelerators allow mentors and investeraork with each other. The accelerators
play an important role in attracting entrepreneurs to the state and provides supmattiiimtech companies
(Life Science Tennesse2)14). The accelerators are also an important vetting tool for new caszard
ensuring that venture capital funding is used efficiently (Life Science Tennessee, 2014). The Additionally,
colleges like the biversity of Tennessee and Tennessee havepseehetwork of stations and extensions

services across that state to as$éveloping agricultural startup companies (Life Science Tennessee, 2014).

Washington

The state of Washington has committed resources hel p t he st at ed@gearr esearch
the University of Washington opened the doors to a new $171 milife Sciences Building (Holtz, 2018).
The university built the new life sciences building due to the demand in biology doublintpevast decade
(Holtz, 2018). Over 1,200 studis major in biology (Holtz, 2018). It is the most popular STEM major in
Washington state (Holtz, 2018). In terms of research, the Washington Department of Commerce reported that
t he st at e 6 sglobal Heath axadémécmesearchafunding grewebypercent between 2012 and
2014 (Commerce Dept., 2016). Prior to budggecuts, the Life Sciences Discovery Fund played an integral
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role in supporting support innovative research & development atteeGstat r esear ch uni ver sit|
provided 12 grants to research universities worth $106 million and helped 40 bgitatips take shape or
expand (Garnick, 2015).

Workforce Development

Florida

There is significant frustration in finding qualifiedR employees in Florida. There is a desirede s
more talent coming from local universities and training in shephergingdrugs through trial and the
approval process. Another frustration is creating an educational system to develop human capi@idrakr
biotech executives by the S@entineb s Mar ci a Heroux Pounds in an articl
biotechwor kf orced September 4, 2015 reveal reveal ed fru
relocation incentives without addiging human capital development needs. Theddsity of Florida has been
working hard to try to close the readiness daj2006, they launched the Biotility program. The Biotility
program partners with biotech industry leaders to identify current tgairijuirements (Biotility, n.d.). The
program dfers short courses for professionals and students seeking to expargen tieeir knowledge in

technical and regulatory details unique to biotechnology industries (Biotility, n.d.).

North Carolina

North Carolina has also developed a general economic development strategy that focuses on three
goals: quality job creation, thdevelopment of economically distressed areas, and maintaining economic
competitiveness in global markets (Easley Jr., 2011% dtormmic development strategy for the
biotechnology industry consists of supporting homegrown biotech startups and reestiinlished
companies to the region (Easley Jr., 2011). North Carolina prepares their biotechnology workforce by
providing woker traning programs. The most recognizable worker training program is NCBiolmpact.
NCBiolmpact is a publiprivate partnershighat trains workers of all backgrounds for biomanufacturing jobs
(Easley Jr., 2011). The program is funded by the state oh Nk@toina, the Golden LEAF Foundation, the
North Carolina Biotechnology Center, and the biotech industry (Easley Jr., 20&Xrdgram was launched
in 2003 when the Golden LEAF Foundation provided a $69 million grant (Easley Jr., 2011). The program
provides irtroductory courses, firmspecific customized training, and g/@ar associate degree in applied
biotechnology (Easley Jr. 201 1) . North Carolinads community coll e
offering biotech courses (Easley Jr., 2011)ditidndly, there are seven centers that train in specific areas like

bioprocessing, pharmaceuticals, and-djpiculture. Thest at eds communi ty coll eges a
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Carolina Department of Commerce to develop tai@de training for biotech corapies argeted for

recruitment or expansion (Easley Jr., 2011).

Tennessee

The state provides grants to companies to help tleamlap their workforce. One grant program
launched by the state is the Incumbent Worker Training grant. This grant provides) fiofglisinesses to
help them provide skills upgrades and process improvement training for existing employees. The goal of this
grant program is enable businesses to retain their existing employetge @b Training is another grant
program that will py up br the cost of an employee to receive training for a position they have no prior
experience in. Tennessee stands out filegrother states (including Georgia) in this area primarily because
they have smaller biotechnology organizations in citiesrioffj raining. For instance, in Memphis, Memphis
BioWorks has a Ready to Work Training Program. This program offers freejolmg and career placement
assistance to residents who live in the #8iouth region of the state and are interested in-duigivth caeers

in bioscience (Memphis Bioworks, n.d.).

Washington

Despite growth in the biotechnology industry, the state of Wigstm is currently devising a
workforce development plan. In 2016, Governor Jay Inslee commissioned a study to examine the in@ustry. Th
critical information that resulted was surroundingidseie of workforce development. What skills will be
needed? Howloes the workforce development challenge get answered? The report suggested that companies
are making decisions about location, angaession based on whether Washington can develop theosoekf
needed. The critical i s s weportd iohovbtee KA wakioee ietadbeby t he
developed. Workforce development was identified as a significant risk factor to contirmgedssand growth

of the Washington economy.

WashingtorState University has partnered with the National InstituteesfltH to develop the NIH
Protein Biotechnology Training Program. This program offers-sifatiee art training in basic science relewvan
to biotechnology and educates students in the apmijgects of biotechnology (NIH Protein Protein
Biotechnology progam, n.d.). Students who enter the program are admitted for graduate studies through one
of the school 6s p arlHProteingPeotein Riagjechamaogydmwgrame n.dy.siudargs ( N
then nominated for a traineeship (NIH Protein Protein Blutelogy program, n.d.). Trainee positions
supported by a grant provided by the National Institute of Medical Sciences (NIH Proteiin Pro

Biotechnology program, n.d.).
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B.S. Degree Conferrain Selected States

The production of B.S. degrees in the relgliynew engineering fields of Bioengineering and
Biomedical Engineering, Biochemical Engineering, Biological/Biosystems Engineeringexamined. The
states of Florida, Tennessee, Washington,d Nor t h Car ol ina was compared wi!
Bioenghneering and Biomedical Engineering programs started to significantly increase output in 2003 and until
recently has slightly outpaceldet comparison states. The Biochemical Engineering and the

Biological/Biosystems Engineering programs are much smallerbudignificant producers

Fig. 3.1: Bioengineering and Biomedical Engineering
B.S Degree Production -1998 to 2015
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Fig. 3.2: Biochemical Engineering
B.S Degree Production -1998 to 2015
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Fig. 3.3: Biological/Biosystems Engineering
B.S Degree Production -1998 to 2015
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Note the change in vertical scale from relative to Fig. 3.1
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KEY TAKEAWAYS: STATE COMPARISONS

Financirg and Tax Incentives

0 Each state uses a different seimgfentives to grow their respective biotech industry
0 NC prefergrants, funds, and loans; TN also relies on funds and loans

0 FL relies on grants but use tax credits attract companies

0 Venture capital isrucial to growing biotech industry in each state

Techntal Colleges and Universities

0 The formation of incubators play crucial role in statip biotech firms securing the necess
capital to grow their businesses
Workforce Development

0 Firms are reluctat to make investments in states that have waakforce development
initiatives

27



Alu, Barker, Doris, Prevost, & Saunders

V. INDUSTRY EVALUATION

Interviews with Industry Personnel

To understand the biotechnology industry in Georgia, a total of 15ajiva interviews with key hiring
managers andiotechnology educators in the state were conducted from Mart8,2019. Specific

guestions were asked tdenview respondenis regard tddiotechnology workforce needs, qualification
requirements, ingstry demographics, and the reason these firarg attracted to Georgia. The intent of these
interviews was to answer the following questions (Reference App@8nidir the full set of interview

questions):

- What are the demographics of the current bioteldgy workforce in Georgia?
- What are thavorkforce challenges that biotechnology firms in Georgia face?
- Are there specific opportunities or challenges for Geotgisupport a workforce for emerging areas of

biotechnology (e.g. cell manufacturing)?

The pupose of answering these questions wdstbindustry trends that exist among biotechnology firms in
Georgia. The goal of these interview questions was toratael industry needs and challenges. The interview
process was conducted through the narragearch approach. Interviews were caned via phone and

detailed notes were transcribed throughout the interview to ensure accuracy of the participamasiontor

Industry PersonnelSelection

Correspondence between interviewers and intervieweesrstagitiated by email. A total of 33
industry personnel were contacted from the clientds
Response ratesere limited. In addition, the given time frame for the study limited the number of individuals
contacted. Once the respondents confititteir willingness to participate in a-3@ 60-minute dialogue,
interviewers contacted them via phone to conducintesview. A wide variety of interview respondents were
represented from various positions aatnpanies within the industry. The followg respondents were
interviewed: human resource managers, research and development directors, manufacturingtdlegttors,
directors, program managers and safety officers, lab managers, medical communicaibms dvalidation

managers, regulatogffairs and quality assurance directors, and government affairs directors.

28

(



Alu, Barker, Doris, Prevost, & Saunders

Interview Analysis

Industry personnel expres$that many variables attracted their companies to Georgia. The anticipated
university relatimships, partnerships, and support fromalanunicipalities, connections to a broad range of
expertise from a variety of life science and engineering disciplarebsthe state capital's strong bioscience
workforce made Georgia an appealing state to athidtechnology firm. Moreover, accessatmajor airport
for transportation needs, the state's strong pharmaceutical and public health presence, andtihe ability
purchase inexpensive land were also factors that attracted their companies to Geosiig.gadionnel
stated that the current@agemographic for biotech employees in Georgia ranges from approximatedp 20
yearsof-age. They also mentioned thlé gender demographic is roughly kaffdhalf for the male to female
ratio for the majority bthe biotechrelated positions. Howevehe field of medical writing is skewed more
towards males. Also, the regulatory affairs field is skewed more towarddee.

In regard to ethnicity, biotech employees were reported to be disproportionatelyi@autasajority
of the industry respondenmentioned they had vacant bioteelated positions available in their companies.
Moreover, many of the industry permel interviewed stated that their company had plans to increase either
their technician or ®hnologist positions over the next feways. Based on interview responses, it takes
approximately X 6 months to complete the hiring process for jobs in bimtelogy or life sciences (Table
4.1). Hiring for entrylevel positions usually takes less tiimecomparison to senior level positiofitiere are,
however, some exceptions, where the process can proceed to roughly six months. Many respondents stated that
when positions require more experience and specialized expertise, they took longer toriilbr Aesel
engineer or manufacturing mayeax may take between three and six months to fill. Many companies expressed

that they used a professional recruiteritdHese positions.

Table 4.1: Timeframe to Hire

Time to Hire Number of Percent ofl otal
Respondents Respondents

<1 Month 2 13.3%

1 - 3 Months 6 40%

4 - 6 months 6 40%

No response 1 6.7%
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For the most part, industry personnel felt that certification biotechrelated positions were
considered to be a preference rather than a requiremanevdr, some respondemtentioned that
certification requirements were dependent on the job. Industry staff seemed to prefer certifications for
regulatory affais positions. Many personnel also listed Six Sigma as a preferred certification. Industry
respandents also mentioned thithe preferred or required education level for their employees is dependent
upon the position level. For example, technicians are lysegjuired to either have a High School Diploma,
GED, orassociat&legree. Whereas peopledd for quality controlquality assurance, and engineering
positions need to have completed secondary education in a STEM discipline. In terms of recruiting, the
majority of the industry employees mentioned that they only use external recruiters foredxspecialized
positiors. Aside from more specialized positions, most companies have internal recruiting teams to seek out

local talent.

During the hiring process industry personnel stated that their potential job candidates expressed
interest in positins that give them the pprtunity to grow in their careers, supply adequate vitekbalance,
provide employment stability and flexibility, offer generous bergftkages and income, and supply
intellectual stimulationRespondents also stated that ptiéd candidates had exgssed their desire to help
people and contribute to patients' overall health and wellbeing.

When hiring new candidates, industry persorsteded that they are looking for job candidates who
possess the following characteristicgegrity, kindness, strgrwork ethic, and teachabilitindustry
employers mentioned that they are seeking individuals who have strong critical thinking asa akély,
can selfstart and problem solve, can work with multidisciplinary teams, andillireg to learn continuasly.

They should also be adept in the subject matter they plan to work with.

The biotechnology and life sciences industry are complexapidly evolving. Although the sector
holds excellent commercial and societal promise,atde filled with many callenges and risks. Respondents
had mixed responses in regard to the opportunities and challenges that the Georgia biotechnology industry
faces. However, many common themes emerged from the human resource, talent acquisiti@ttand d

supervisory persorah.

Challenges

Human Resources and Talent Partners

Human resource (HR) and talent personnel expressed concern with recruiting lotd\/zsn
respondents stated the majority of the biotechnology companies are not locategldnttheside from the
Research Triangle situated in North Carolina. Theegfopmpanies in Georgia find themselves "buying talent”
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from the Northeastern and West states instead of growing it locally. Notably, respondents also mentioned
that they tendo have trouble hiring individuals who have medical or research and developxpertise,
marketing and business skills, and regulatory skills.

A majority of therespondents reported that the frequency of staff turnover depends on position type
and indivdual life circumstances. The HR respondents stated that, overdifelsaence employee retention
rates are average or below average at their companies. Hosewe of the respondents stated that there is
higher than average turnover rates in thempanies for individuals who work as pharmaceutical sales
representatives. My of the respondents acknowledged that it can be difficult for individuals to find
biotechnology or life scieneelated jobs in Georgia. Therefore, respondents reported thatraheiduals do
secure a position at their companies, they usually do aet I&Vhen workforce reduction does occur, it is
generally due to sickness, poor marnk@bditions, interests in promotions that are unattainable, retirement, or
relocation for farily reasons. Individuals also leave positions that are not permanent.\&elgotech
employees are brought on for "stafd" and temporary jobs and move on otieeproject is complete to find a
more secure position. However, overall, employment retentias reported to be better for companies that
offered comprehensive bengpickages.

Also, HR and talent personnel highlighted concerns around hiring indisith&t are either
overqualified or underqualified for biotechlated positions. The magnitel of the issue is mainly contingent
upon the type of job. However, respontdementioned that it is common for individuals applying for
managerial roles to be agialified for positions. This is because individuals often downsize roles when the
job marke is weak, and companies tend to look for candidates who can occupy pagitionghe next two
levels. Georgia is also not as established in comparison tostétes in the Northeast and Western regions.
Therefore, it is not uncommon for biotechnolagmpanies throughout the country to hire local candidates
that are underquidied. Moreover, many candidates apply for frdine supervisor roles but do not habe

proper educational qualification requirements to satisfy the position.

From a human resices perspective, respondents stated that any legislation that seeksatemand
benefits and pay rates will always be problematic for biotechnology companiesowdnrwhen legislative
guidance related to mandatory training requirements and overtiroegsmsistent across states, it can be
difficult for companies to streamliramplexities around employee relations. Additionally, in the
pharmaceutical industrgiscussions relating to marijuana legislation are also concerning to biotech companies
from an occupational safety perspective. Personnel mentioned that marijuanespalise safety issue
concerns in the event of potential employee impairment. Someegf®ndents also indicated that public

perception of biotechnology companies could be adraiwibiotechnology companies in addition to legislative
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acts. The demonizain of "Big Pharma" from news media paints a poor public image and can cause losses for

the company.

Moreover, respondents expressed concerns related to education and trajppangtiorefrom higher
education life science and engineering programs in Gedvtany life science degree programs provide
students with robust technical skillsoWever, they don't equip recent graduates with the proper interpersonal
skills needed to workuccessfully in a corporate environment. Recent graduates and interng wsdaistand
essential job functions and have the appropriate technical skills tawbessful in industry positions.

However, frequently, they enter into the biotech industtkitey the proper communication and technical

writing skills necessary to saty many of the biotechelated positions.

Lastly, interviewees reported that recgraduates could not often work in diverse teams eross
collaboratively to accomplish industpyojects. HR personnel stated that conversations with recent graduates
related to business etiquette are often needed. Respondents also emphasized that acade naidcms
specifically on medical devices and R&D opportunities. Yet, the manufacturmgfasiotechnology is not as
much of a focus in the academic setting asdulhbe. As a result, students are apprehensive about applying
for manufacturingelaied positions that they view to be more "mundane” or "laborious." For example, HR
personnel ngorted that recent graduates, especially form engineering disciplines ragareritly unwilling to
consider jobs in manufacturing. Selective engineering gradagasluctant to take on positions that do not

have "engineering" explicitly listed in thegition title.

Directors, Managers, and Direct Supervisors

Similar to HR pesonnel, managerial personnel have mixed feelings towards recent college life science
graduates. Direct supervisors, specifically manufacturing, program managers, and saéty; eéfamed to be
reasonably pleased with the talent coming from life scieneeersity programs such as the University of
Georgia (UGA), Georgia Tech (GT), Emognd Georgia State University (GSU). However, similar to the HR
and talent personnel's statents, managers and direct supervisors expressed concerns about hiriiaegotcal
for more specific and specialized positions. One of the respondents spegaifieationed that Georgia did not
have enough talented biotesiorkers,nor enough biotech firmmcompared to New Jersey, New York, or
California. For example, respondengsdsthey often need to recruit outside of Georgia for regulatory affairs,

quality marmgement, and clinical positions.

Compared to HR and talent personnel, managerial personnelixed responses in regard to issues
with retention rates. They expressed thghough they sometimes find it difficult to retain quality employees
at lowerlevd manufacturing and laboratory entigvel positions, retention rates are still not as mudhn of

problem as recruitment. Many individuals in the biotechnology and lifmses space are very dedicated and
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driven to their line of work. Therefore, they a@ntinually seeking meaningful work that provides wiidk
balance, flexibility, security, ahfinancial stability. The majority of the interviewees reported that their
companies are very responsive to these employee values, which limits attritioritoggether. Also, they
acknowledged that certain industry positions, such as medical techriiest, receive substantially higher
pay than most academic jobs. As a re®rhployees don't frequently leave industry to enter into academia.
They did mentionhowever, that when employees go, it usually is because they wish to transfer from

manufactuing positions to R&D positions.

Additionally, direct supervisors reported tiihe majority of the candidates interviewing for positions
are underqualified. Theli@re, they stated that they have to take the time to train and educate new employees
on compam protocols and procedures. Direct supervisors often do not have the Ifixaking extended
periods to ensure a candidate can perform at the anticipatedMiewelgerial staff also mentioned that
candidates with limited experience tend to apply forare@miofievel roles in which they do not qualify.

Many of the individuals g@ying for entrylevel postings are underqualified, specifically recent college

gradwates who do not have a lot of work experience. Managers and direct supervisors have reoriailyt

of the entry level engineers that apply to their positions are wnagified in terms of industry experience.

Most biotechnology companies are looking r i ndi vi dual s with bachel or's or
experience for entrevel posiions. Respondents have mentioned that college graduates are unfamiliar with

the medical device process. Most graduates are familiar with medical device desigheir coursework, but

lack understanding in terms of development, testing, troubleshoatidg;omplying with FDA regulations.

Furthermore, college graduates arefaatiliar with the latest medical devices in the industry nor who
is developing thesgevices. One of the questions respondents were asked was, "If you could tell a college
departnent what you want from a recent college graduate, what would it be?" Mpshdesnts stated that
they are looking for strong technical knowledge, which shoulthdie foundation, but are also looking for
candidates with strong soft skills. Respondenticated they look for candidates that have experience working
on a team, havstrong interpersonal skills, strong negotiation skills, and understand team dyndosts
candidates lack the industry experience that develops not only students' understathdingtest technology,

but also soft professional skills.

Managerial stafllso expressed concerns related to education and training preparation from higher
education life science and engineering programs in Georgia. They acknowledged that studeats aalm
training from graduate programs, such as the proper technicallamédtory skills, the ability to read detailed
research, and the ability to reporidings to various audiences. Respondents expressed that undergraduate

programs, however, do hprepare students as much as they would like. Several respondents expegssed
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undergraduate students did not have sufficient laboratory skills or mediced #@awledge to perform the
necessary functions of their work. Respondents also mentiortdzbthagraduate and undergraduate students
are ill-prepared when it comes tioeir regulatory affairs, sisigma, and financial skill sets. Recent graduates
oftenlack the softer skills needed to manage difficult clients and work in a business seticdjitilon,

directors stated that academic curricula in life science gradu@ieams are theoretical and technical.
However, higher education in the life scientzaks application. Recent graduates do not receive the proper
applied training. As a resuifdustry personnéiaveto spend an immense amount of time training them.
Direct supervisors voiced that spending industry resources on training interns isessaniy a beneficial
long-term investment, mainly because interns who are hired at biotegynampanies do not always stay
there. They may find jobs at different comfis and transfer intellectual property with them. Moreover, recent
graduate studesffall short when it comes to their ability to tell a "compelling" scientific story. Respandent
emphasized that it is not enough for employees to solely regurgitatéfgciefirmation or findings. The
information must be synthesized into everyday leg and presented in an engaging format that appeals to

various audiences.

Opportunities

HumanResources and Talent Partners

Although there are many challenges for Geotgiaupport a workforce for emerging areas of
biotechnology, there are also specdjgportunities that can be addressed in terms of workforce, education, and
training. As mentioad previously, project management and interpersonal skills are criticattntiife
science graduates entering into the biotech industry space. Recentegamheal to have a fundamental
background in the subject matter they are working with. Howdwvey,should also be willing to continuously
learn, develop the critical thking skills necessary to work in a regulated environment and connect with
colleaguesrom diverse backgrounds. Academic institutions should continually emphasize the importance of
internships and cops to help address gaps in students' industry skillssel projecbased experiences will
not only expand students' horizons, but they &b learn the necessary skills to work in a regulated

environment successfully.

In terms of aademia, respondents stated that degree programs place -édeyseon techical
competencies and R&D; however, as reported previously, they seem to neghaphisize the importance of
manufacturing, regulatory knowledge, interpersonal skills, bussiés negotiation skills, troubleshooting,
and leadership skills. Acadenshould do more knowledge sharing to make sure manufacturing is appealing to
studens. They should also continue to require students to complete writing and communicatiort@lasses

foster leadership, presentation, and writing skills needed to be sutoess&industry sector. Interviewees
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also emphasized that biotechnology companessl to start making their presence known in both primary and
secondary schools, so students aware of the industry from a very young age. This presence will foster
potential interest in life science disciplines early on and will give children andreutiees ability to start

building their institutional portfolio to align with company requirerse Moreover, biotechnology companies
should make it a priority to broaddmeir net presence in and outside of rural areas throughout Georgia to

recruit additonal talent.

Finally, many HR staff reported that their companies offer generous benefit packazn as health,
dental, compensation for commercial relocation costs, etitiye 401K matching, maternity and paternity
leave, and disability. However, feweompanies reported offering benefits outside of the traditional box, such
as tuition reimburgment, college savings plans, and transportation reimbursement. For biatgundes to
attract and retain a continual flow of adept and educated biosciencersvorithe state of Georgia, they
should consider offering generous and-traaitional benefipackages to employees to incentivize employees
not to relocate. Transportati reimbursement benefits could be extremely beneficial for entry or-lewedr
biotech employees who work in rural locations.

Directors, Managers, and Direct Supervisors

Direct supervisors and managers suggested it might be useful to allow manufaetopilogees to
participate in assignments efite to keep them in positions. If pdasi, individuals in manufacturing jobs
should be encouraged to work on temporary detail areititernational or domestic sistgiant locations.
Giving employees the opptunity to work offsite energizes employees and gives them a newfound
appreciatiorfor their line of work. According to direct supervisors, individuals are more willing tarstay

manufacturing positions if they continue to be intellectually challengddtémulated.

Both human resource respondents and direct manager and superypsessexk a positive sentiment
concerning the growth of the biotechnology industry in GeorgisitiBos at all levels from manufacturing,
sales, clinical, quality controlesearch and development, and others are expected to grow in the upcoming
years. Mangerial personnel stated that Georgia has the potential to serve as the next great biotechnology
"hub" in terms of innovation and development. To continue to foster growthghout the state, Georgia
legislators should look to thriving surrounding bioteclogy state clusters throughout the nation for advice on
how to attain rapid growth. The pasé sentiment toward growth could be hindered if companies do not
receive adguate funding for the right infrastructure. Companies could relocate to Northeagjiems if they
don't receive the proper resources and government assistance in Georgfard Heemrgia governments
need to be engaged from the venture capital praogbhe manufacturing process. Selective state governments

throughout the U.S. hawdone a great job of implementing effective financial subsidies, such as tax incentives

35



Alu, Barker, Doris, Prevost, & Saunders

and stat-sponsored incubators. Thus, managerial personnel acknowledge that Geautanst try to
"reinvent the wheel." Instead, legislatures should continue tstimveesources to evaluate effective financial

subsidies used in surrounding biotechnology @dwuse states.

In regard to academic curricula, direct supervisors agutedHR and talent acquisition personnel in
the sense that institutions should coné to mandate that students fulfill specific writing, communication, and
business course regements. Moreover, directors specifically expressed it would be helpfaldtigte
programs would build in more flexibility to allow students to attend traiaimdynetworking sessions outside
of the university. Some of the biotechnology companies irgewd are already offering this assistance.
According to Directors, academiadulty tend to train their graduates to fulfill research positions at
universitiesFaculty often focus their efforts on laboratory and research initiatives, while neglectistgryndu
led initiatives. Academic faculty should allow their graduate studbategportunity to leave laboratories
early to seek out career development seminadsegents to broaden their job prospects after graduation.

Finally, academic institutions shauimandate that graduate students in life science programs fulfill
either a fowship, internship, or cop as a graduation requirement. Direct supervisorgistiase graduate
students spend a fair amount of time conducting individual work, such as tompheir theses and
dissertations. These particular projects don't pregtacents to work effectively in a cressllaborative
setting. Moreover, postoc pograms don't provide a solution to this problem, mainly because they still focus
on basic acagic research. If students are required to complete a fellowshipapr &tthe graduate level,

they will have the opportunity to gain practical training wiiiey study.

Job Posting Analysis

SelectionCriteria

To achieve a preliminary overview of thmtechnology workforce landscape in Georgia, we analyzed
current job postingfor biotechnology jobs in the state. This analysis aimed to assess current indesisyfor
workers in the biotechnology. More specifically, we were interested in findingstierigpes of job listings
and desired training and skill sets. A sample38 hiotechrelated job advertisements was collected from
professional social netwdrlg and company websites to gather information about job titles, desired skills, and
preferredraining qualifications for Georgia biotechnology jobs. This portion ofeéksearch intended to

answer the question, "What employee skills and qualificatiofsalechnology industries in Georgia desire?"

For consistency, job advertisements were seldobad only two professional social networking sites:

LinkedIn and Indeed. Tminimize biases and adhere to best standardization practices, the advertisengents wer
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also chosen by using the following keyword strings: "biotechnology"; "biotechnology," &Utgrial
technician"; "biotechnology,” & "biomanufacturing,"& "biopharmaceal]" & "bioengineering,” &

"biology."; and "biotechnology,"& "agriculture.” Theseasch strings were selected based on the literature
analysis with the intent to ensure all Sodustries were included. Job advertisements were also selected by
filtering "Georgia" as the location of interest within networking and company sites. Jolisenents were
chosen from the following locations: Greater Atlanta, Greater Athens areagiGkeguista Area, Greater
Columbus area, Greater Savannah area, and Gredtlerstéaarea. Jobs were also coded based on whether or
not the companies had headdaes and local offices in Georgia, outside of Georgia (but still domestic), or

internationally.

Advertisements were only chosen if they had been posted within four months of the search date to
ensure relevancy. Furthermore, job postings were selectegjttaiithe project to give the most accurate and
up-to-date overview of vacant positions duriing period of the study. Each selected posting, from both
company websites and professional social networking sites, was collected between FebMarghl B0,

2019. Finally, job advertisements pulled from professional social networking sites wereheds=d on the
companies' official website to certify the postings were both legitimate atwdgie.

Categorization of Job Openings

Job postings were capturekbctronically and manually categorized by job function, industry type,
degree level, anskills and requirements using Google Forms, Google Sheets, and Microsoft Excel. The
biotechnology industry was categorized into threeisdbstries based on the us of the literature review:
medical biotechnology, agricultural biotechnology, and ivihidiotechnology. Advertisements were
assigned to the medical biotechnology category if they were involved with the industrial and manufacturing
sectors and prosses to help identify, prevent, and treat human diseases. Advertisements were asgigned to t
agricultural biotechnology category if they were involved with improving plants, microorganisms, and animals
to help enhance new crops and livestock. Lastly, ideenents were assigned to the industrial biotechnology
category if they were involved witthe use of biological resources to produce chemicals, materials, and energy

required for the development of industrial goods.

Each employment opportunity was sartato one of 8 categories based on job function. The job
function categories were laboragpmanufacturing; general and administrative; legal and regulatory; clinical,
sales and marketing; business; and engineering (Table B1). When possible, jobsegerezed based on
their job title. When the function was not clear from the job titleesciption; however, categorization was

completed based on further investigation of the posting on networking and company
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The degree level category was divided isgwen different subsets: Associates, Bacheldasterof
Sci ence ( "MsitiesinBasngssAdministratiogMBA), Doctorate, and high school diploma/General
Education Diploma (GED). Associate, bachelors, and doctoral degrees were not defindigiemdigied by
degree type; however, "Masters" and "MBA" were delineated based on deguseldb postings were
categorized into the "Masters" group if the position required a science, technology, engineering, and math
(STEM) related degree. Conversedglvertisements were categorized into the "MBA" group if the position
explicitly statedaegree r equi r ement for a Masterds in Business A
multiple times if the job description had more om#ed degree requirements. Esample, positions with

job descriptions that included statements such as "bachelor'& degriged; master's degree preferred," or

n 1

bachel orbés degree with some years experience, ofr

twiceforboh t he bachel or's and masterdéds subsetwe The cat
coding in the "Certification/other" subset. Therefore, specific certification names were recorded to provide

more detailed information for the degree requirenpention of the analysis.

Skills and requirements was divided into 12 broad categoriesnaaiwation and writing skills; legal
and regulatory skills; computer and technical literacy skills; production (engineering or laboratory) skills;
statistical analyis skills; teamwork and customer service skills; problem solving andtseting skills;
bushess and marketing skills; quality assurance skills; education and training skills; leadership and
management skills; and manual labor dexterity skills (Tab)e Biis portion of the coding process also

allowed for multiple assignments, so varioudl slats were tagged for each job post accordingly.

Results

Industry Profile

SubkIndustries, Job Functions, and Company Location

As mentioned previously, job openingsre classified by industry types. The postings were divided
into medical, agricultural,ral industrial biotechnology stindustries. Of the total job postings<135), 105
postings were medical, 28 were agricultural, 3 were industrial, and 3 were un@figwh.1). The data shows
that medical biotechnology compromised the majority of themdrings. These figures seem to be
representative of and consistent with Georgiabs cur
industrial industries compmised the minority of the job openings. Job openings were also classified by the
primary function of the position (refer back to Table B1 in Appendix B for a detailed explanation of function

categorizations). Jobs with multiple functions were coded feryenelevant function, resulting in some job
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postings being double or triple coded. A bréakn of job postings by function is displayed in Figure 4.2.

Results show there was an even spread across job functions.

Fig. 4.1: Total Job Postings by Sulmdustry
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Job posts were classified thelocation identified on the job ad and mapped (Fig. 4.3). Of the 135 postings
most were found in Alpharetta (21%), Social Circle (21%), Atlanta (15%), Athens &&is)esville (5%), and
Norcross (5 %). Of the 135 posts 5 % were unknown. All other eges identified in less than 5% of the job
posts. Detailed percentages by city are broken down in the Appendix B, Table B2.

Fig. 4.3: Total Job Postings by City
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most of the biotechnology companies were located in Georgia. International companies make up 33% of the
biotechnology industry in Georgia. Twerityree percent (23%) of the companies we surveyed are
headquartered in other states acrosdtiieed States. Last, we were unable to identify 1% of the

biotechnology company sample (Fig. 489.gain further insight, the set of job postings with Geergia
healquartered companies was also broken down byreiustry. Of the 135 total companies irr gob search

that had Georgia headquarters, 75% were in the medical biotech industry and 20% were in the agricultural
industry, and 2% were in the industrial indygfFig. 4.5).
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Fig. 4.4: Location of Headquarters
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Desired Degree Level

Fig. 4.6: Percent of Total Job Postings by Desired Degree Level

90%

81%
(n=109)

HIGH SCHOOL ASSOCIATES BACHELORS MASTERS OF SCIENCE MBA DOCTORATE

As mentioned previously, the job openings were collectddcategorized based on degree type. Job openings

were classified based on tesired degree Vel listed within each posting. Of the total sample of job postings
n=1359, 81% desired a bachelords degree, re@m% required
associatebs degree or high sch 8usihessdAdnprisationgdVMBBEddd 9% r e
4 % desired a Doctorate degree (Fig. 4.6). The desire for a bachelor's degree compromised the majority of the

job postings, where the desirg finctorate degrees represented the minority of the postings. More listings

indicated that caridates should have a Master of Science degree than an MBA degree.

Master of Science

We identified 41 job openings that required or preferred a Master of 8aegecee in a STEM field.
This sample size was above 30, which indicatesittigtmore repreantative sample. The top job functions of
those openings requiring, or preferring MS degrees was laboratory jobs (27%). The second and third highest
job functiors were business (17%) and sales and marketing (17%). The lowest job furedigriag MS
degees were engineering (7%), general and administrative (5%), and manufacturing (5%) (Fig. 4.7).
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Fig. 4.7: Job Function by Degree Level
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Therewere1® j ob openings that required or oBl%dferred
all listings (Fig. 4.6). This sample was the largest out of all of the degree categories classified. Of the total job
postings classified as desiring a bachelor's degjnedop three job functions categorized were Laboratory
(18%), Business (23 ), and Manufaciring (16%) (Fig. 4.7). The bottom three job functions were Clinical
(6%), Legal and Regulatory (9%), and General and Administrative (10%) (Fig. 4.6). A damegseof skill
sets were reported for job postings that desired a bachedgrised(Fig. 4.8%-rom our job search, the top
three job skills recorded were communication and writing (86%), computer and technical (71%), and
teamwork and customer support %8 The bottom three skill sets reported were for manual labor and
dexterity (L12%), educationral training (15%), and statistical analysis (18%).

Associates and High School/GED

Thirty-nine, or 29% of the job openings of the job openings required orprefer an associ at ed
high school diploma/GED (Fig. 4.6). Of the total job postings classified desi ri ng an associ af
high school diploma/GED, the most frequengported job function was manufacturing (56%) (Fig. 7). The
second most frequejob function laboratory (23%), followed by general and administrative (8%) and legal

and reglatory (5%). Engineering, business, sales and marketing, and clinical job furvetionghe least
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reported, all at 0% (Fig 4.7.) Of the total job postings itbatiire an associate's or high school diploma/GED,
manual labor dexterity (74%), computer aadhnical (59%), and teamwork and customer support (54%) were
the most desired skidlets (Fig. 4.8). The bottom three skills reported were for quality assu{da196,
statistical analysis (8%), business and marketing and education and training (5%.)8)Fig.

Fig. 4.8: Desired Skill Set by Degree Level

Fig. 4-8: Desired Skill Set by Degree Level
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Desired Skills

Desired skill sts were grouped together by hard and soft skills for visual clarity and fease o
interpretation (Fig 4.8.) (Reference Appendix B, Table B3 for hard and soft skill setidefijifThe degree
level results in Figure 4.8 suggest common themes in relatibastoed skill set by degree level. Many of the
positions require scientific 8ls and knowledge paired with the interdisciplinary knowledge of
communications, business, tdgtory, and interpersonal skills. The desire for communication and writing
skills were the highest among all degree types (Appendix B, Fig. B1). Teamworkstotheu service
support, along with computer/technical skills, were also highly valued foegiled types. Production skill
sets, which include laboratory and engineering aslitwvere highly desired among all degree types. For
lower-level degree typeshe desire for manual labor dexterity skills was higher in comparison to Heyletr
degreeypes. The need for manual labor abilities becameenani st ent f r othe doctorallemeh st er 6 s
Moreover, there was more desire for legal and regulakdlity for the higher degree levels in comparison to
the lower degree levels. However, the de$ir legal and regulatory affairs skills still reported approximately
47% and abow for all degree levels. These percentages suggest that the ability to wadgiiated

environment is imperative for job positions with various degree requirements.

In addition, there seemed to be more desire for statistical analysis skills as the léegt increased.
Skills related to providing oversight, such as leadershimagement, education, and training, were also
desired more for highdevel degree types iromparison to lowelevel degree types. Positions that require a
doctorate degree perted low desire for leadership and management skills. These figures shggpsesitions
that require a doctorate degree may value skills related to research andrdeneloyer skills related to

employee oversight.

By Subindustry

Sub-Industry: Indus trial Biotechnology

Three jobs were identified as industrial biotechnolog j#g.4.1). This is a very small sample size which
may skew the results of the job skills udg@ments by industry. Of these openings all of the jobs looked for
communication ad writing skills (100%), computer and technical skills (100%), and busindssarketing
(100%). The following skills were all identified in 33% of the industrial joltipgs: Leadership and
management, education and training, quality assurance, prgblging andself-starting teamwork and
customer support statistical anaygproduction, legal and regulatory. Manual labor and dexterity was not

identified for any offtie job postings (Fig. B1).
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Sub-Industry: Agricultural Biotechnology

Of all of theopen job postings only 28 jobs were identified as agricultural biotechnbgyFig. 1). This is

a very small sample size which may skew the results of the job skjllsements by industry. The top three
skills in the agricultural biotechnology jolagere communication and writing skills (79%), computer and
technical skillg75%), teamwork and customer support (64%), and Production (50%). The lowest three skills
were icentified: education and training (7%), leadership and management (18%), and laiamuahd

dexterity L8%) (Fig. B1).

Sub-Industry: Medical Biotechnology

A diverse range of skill sets were reported for job posting categorized within the medical biagghnol
industry. Skill sets from each category were reported for this industry. Ndine skillset categories were
reported norexistent. Of the total number b postings categorized under the medical biotechnology
industry, 103 jobs were identified agdical biotechnology jobs (Fig. 1). The top three reported skill sets were
communiation and writing (84%), computer/technical (65%), and production (52%)oWest three

reported skill sets were manual labor dexterity (12%), education and training @ridguality assurance

(20%) (Fig. B1). These figures suggest that a combinafiboth soft skills and hard scientifielated skills

are important in the nacal biotechnology industry sector in Georgia.

By Function

Function: Engineering

Fifteen percen(n = 21) of job postings were identified as engineering jobs (Fig. B2). Ofjtteseenings the
top three skills identified were production (91%), commuimeeand writing (81%), and computer and
technical (71%) (Appendix B, Fig. B2). The lowest coofskills of engineering jobs were manual labor
(10%), statistical analys{45%), and educational and training, (19%).

Function: Business

We identified 18 bsiness jobs in the data, a 13% representation of the total jobs (Fig. B2). Of these job
opening the top three skills identified were computer and technical skills (94%), communication and writing
(94%), and business and technical (83¥he lowest countfoskills of engineering jobs were education

training (11%), statistical analysis (11%), andlguassurance (6%). None of the business jobs requested

skills in manual labor and dexterity.

Function: Sales & Marketing

There werel6, or 11%, sales and naating jobs in the job listing data (Fig. B2). Of these job openings the top

three skills dentified were business and marketing skills (100%), computer and technical skills (88%), and
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communication and writing (93%). The lowest cbahskills of engineeng jobs were statistical analysis
(6%), production (6%), and education and training (19%)e of the sales and marketing jobs requested
skills in manual labor and dexterity or quality assurance.

Function: Clinical

Only 6% (n = § jobs had clinical fuctions (Fig. B2). Of these job openings the top three skills identified were
communicatiorand writing (75%), statistical analysis skills (50%), and business and marketing, teamwork and
customer support, and production were all a8@@38%). The lowest cmt of skills of engineering jobs were
leadership andhanagementl3%), quality assurance3%), and problem solving arsetlf-starting(13%).

There were no clinical jobs requested skills in manual labor and dexterity.

Function: Legal & Regulatory

Eleven, 0 8% of jobs had legal and regulatory functions (Fig. B2). Job postings classified undegahand
Regulatory job function desired a combination of both soft and hard skill sets. However, the desired hard skill
sets were less texital than some of thather job functions. Moreover, this job function reported less desire

for manual laborelaed, analytical, and customer relations skills. Of the total job postings that were
categorized under the Legal and Regulatory job functientop three desireskills were legal and regulatory
(100%), quality assurance (52%), and communication anthg(if3%). The bottom three desired skills were
manual dexterity (0%), education and training (18%), and business and marketing and Ista#yisis

(27%).

Function: General & Administrative

There were 14, or 10% of the jobs that were general amtheatrative jobs in function (Fig. B2). Job postings
classified under the General and Administrative job functions valued interpersorsabsgéilitechnical skl
However, information technology (IT) skills were highly desired under this job cateégbtiye total job

postings that were categorized under the General and Administrative job function, the top three desired skills
were communidion and writing (93%)teamwork and customer support (86%), and computer/technical

(71%). The bottom three dedirskills were statistical analysis and manual dexterity (0%), education and
training, production, and legal and regulatory (7%), and quagyrance (21%).

Function: Laboratory

There were 28 laboratory jobs identified in the job opening data. Jobgsostassified under the Laboratory
job function desired hard technical skills over interpersonal and employee oveetagdd skills. Howeve
similar to many otér job categories, job postings labeled in the Laboratory category did report a high
percendge of desire for communication and writing skills. Of the total job postings that were categorized

under the Laboratory function, the topdardesired skills wengroduction (100%), communication and
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writing (68%), and computer/technical (). The batom three desired skills were business and marketing

(0%), education and training (7%), and leadership and management (18%).

Function: Manufacturing

The job postigs were 18% (n = 25) manufacturing (Fig. B2). Job postings classified under the maimgfactur

job function desired a combination of both soft interpersonal skills and technical and applied hard skills. Of the
total job postings thatere categorized undére manufacturing function, the top three desired skills were
communication and writing @6), production and computer/technical (68%), and manual dexterity and
teamwork and customer support (44%). The bottom three desired skifl®edigcation and traingn(4%),

statistical analysis (12%), and leadership and management, quality assuranesskarsil marketing, and

problemsolving and selftarting (20%).

Limitations

The industryrelated modes of inquiry were subject to limitasoFor the job postingnalysis, we are
unable to know how representative this population size is of the totathinology job posts in Georgia
because the job posts are continually being posted and taken down. For example, digital health was not coded
for as a biotech sub ingtry in this study because it was difficult to define as a stéonte enterprise. We ftel
that coding for medical biotechnology wasufficient representation of tkab industry. However, we do
recognize that not coding specifically for digital heatha separate biotech sub industry might not be
completely representative of the entiretbthnology workforce landscape in Georgia. Moreover, we
recognize that the Wer reportingfor the agriculture sub industry could also serve as a limitation in wrms
not being fully representative of the entire Georgia biotechnology workforce landédtdgoeigh we included
Afagricultured ter minol oiyiypossible tbhatagrictereybioieahrblogy esasr c h st r
different hiring mechanisms to sehrfor employees or utilizes different keyword tags within their

advertisements.

Secondye are not able to verify the reliability of the job posts. Although a jobrigpsiay be on a
career website or a company website, they are not updated frequehiycsmpany may have closed the
application period even though the post is still up. dosd factor that may bias our results is that we did not
code for work experigce in the quantitative analysis of the job openings. We felt that the skills andi@ducat
required were sufficient to address the gaps in the biotechnology workforce indhigatedclient. A third
factor that may skew our results is that we double mmbieducation when a job posting reported that the
required bachelor's degrees but migave preferred a master's degree for example. We felt that coding for

every permutation auld have confused our analysis, so we decided to double count the degeresdooe
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required. A second factor that may threaten reliability is the classification | ob post s as Obi ot e
Last, we acknowledge there may be human error itiimg and interpreting the job posts. There could be

posts that we have misdsified as agriculture, medical, or industrial biotechnology or job posts that we have
misclassified amid the skills section.

For the industry personnel interviews, the mostipent limitations were the lack of time allocated for
the study and the limét response rate from interviewee candidates. Due to the limited time frame of the
study, we were confined in our ability to reach out to extremely large interviewee applicdst lgloreover,
the restricted response rate also inhibited us from obtaétiagg statistical power for our study. Finally, the
industry personnel interviewed forne st udy were direct contacts from t
respondent cdact pool lacked interviewees from the agricultural biotechnology sectorefoherselection
bias could be a potential limitation for the industry interview pontibiine study.

KEY TAKEAWAYS: INDUSTRY

The industry personnel interviews show:
0 There isperceived growth in the Georgia biotechnology industry landscape.
0 Internships and cooperative education programs are critical for students to gain experief
workingin a regulated environment.
The job posting analysis shows:
0 Demand and opportunity for wlioin the biotechnology industry in Georgia

0 The industry isnultidisciplinary and seeks skills beyond laboratory and scientific acumen
as communication, writingoroblem solving, leadership, etc.
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V. EDUCATION EVALUATION

The goal of the education euation is to gain insight into how the Georgia educationagystem is

supporting the biotechnology sector. Using 8 qualitative interviews with key educators aatiozdl leaders,

and reviewing data from TCSG, USG, and GaDOE, we seek to identifydhe tiremes, strengths,
weaknesses, and opportunities in thalds of biotechnology workforce development. Interviews sought to
understand their perceptions on the atipof their efforts on industry, and the issues in the area of recruitment,
retention, gaduation, and placement of biotechnology degree candidaitshli{ there are a few limitations

to the education overview. Given the low number of schools thatthffésiotechnology pathway (>5%), it is
difficult to estimate how many students in totalwkd be interested in the program if offered more broadly.
Additionally, all interview results must be taken with a grain of salt because those interviewed werrglinher
speaking in the selhterest of their respective institutions.

The public educationystem in Georgia consists of 2,301 public schools proviidg education in a
system with oversight by the Georgia Department of Education (GaDOE). Upon high giettuation,
students may pursue additional training through local technical collegtesothprise the Technical College
System of Georgia (TCSG) through one of the 26 units of the University System of Georgia (USG). Well
known units of USG includéne University of Georgia, Georgia Institute of Technology, and Georgia State
University. Abrief introduction to each of the systems assessed is gesdrand will be followed by the

results of the interviews and the data analysis.

Education Systems Backgpund

Georgia Department of Education (GaDOE)

GaDOE provides a system of 17 Career Clestdigned to the National Career Cluster Framework.
Within each cluster is a career pathway that a student can choose to study while in high school. To complete a
career pathway, a high school student can take a structured sequence of three specisgzedicmked
within the Healthcare Cluster, there is Biotealagy Research and Development pathway. This pathway
offers three courses; Introduction to Healthcare®m®; Essentials of Biotechnology; and Applications of
Biotechnology. The Career Clustrstem is the primary component of the CTAE (Career, Tedharich

Agriculture Education) ecosystem.

In order for a student to graduate high school, 23 high scheditemust be earned, many in state
mandated areas. Of those 23 hours, 3 must be in a @akivay, a modern language, or the fine arts. GaDOE
has overl20 CTAE pathways defined, ranging from veterinary science to marine engine technology to aircraft
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maintenance. The choice of pathways that are offered in a high school is not determinestéie it by the
local school districtTypically, the distrct arrives at the determination based on several factors which may
include local industry interest, stewct interest, funding availability, and teacher supply. It is possible for a

school to offe no CTAE pathway at all and only offer languages or fing art

The question of why the Biotechnology career pathway is put inside the Healthcare Cluster is
answerd by examining all other clusters. It fits other clusters less well. The placementdtthisay creates
potential issues in how teachers are recduiteteach biotechnology in high school. It is not uncommon for
school administrators and leadershipuimp together things that seem alike. The result is that teachers in
nearby fields, such dke allied health courses, are asked to teach biotechnckgges when they have no
effective training in that area. The lack of availability of wedined bioechnology teachers impedes the
deployment of the Biotechnology pathway on a broader sEaeeCTAE / CTE Biotechnology pathway is not
unique to Georgidt has been adopted by many states including and not limited to Florida, North Carolina,
Washington, iKansas, Ohio, Oregon, Maryland, Minnesota, Virginia, New Jersey, and Massachusetts.

The Techical College System of Georgia (TCSG)

The Technicalollege System of Georgia (TCSG) provides a unified system of technical education,
adult education, and custorait business and industry training. Their students include students entering from
high schog adult education students, and Move On When ResllBWR) students that are jointly enrolled in
high school that wish to move on from high school and enter te¢lonicareer training. TCSG works closely
with Georgiabds syst em iestoprovide dcarer gainiagiadd MOWR eppartunifies a d e m
The Technical College System of Georgia has four units that participate in biotechnology degree production.
The institutions are Athens Technical College, Atlanta Technical College, Central TecluoliegeCand
Gwinnett Technical College.

The University System of Georgia (USG)

USG is composed of 26 higher education institutions including four research uregefsitir
comprehensive universities, nine state universities and nine state collegase Thest significant USG
contributors to the biotecbiogy workforce include Georgia Institute of Technology, University of Georgia,
Augusta University, Kennesaw &dJniversity, and Fort Valley University. USG institutions provide

programs thatleadtambc c al aur eat e, mastero6s, and doctoral degre

The ned for engineers spans across most disciplines of engineering. Significantly, the production of

Bioengineering ath Biomedical Engineering, Biochemical Engineering, and Biological/Biosystems
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EngineeringBahel or 6s Degr ees ¢ o0ns urdegeescanfarred iy endingebnganfthe a | |
USG system. Georgia Tech and the University of Georgia dominate thecpom of Bioengineering and

Biomedical Engineering, Biochemical Engineering, and BiokigBiosystems Engineering degree programs.
Kennesaw fate University used to have a biotechnology degree program but closed the degree program due to

low productionnumbers, and insufficient recruitment.

Interviews with Educational Personnel

Interviews wee conducted with educators and leaders at high §ch6&8G, and USG institutions. The
Technical College System of Georgia has four units that participate inlmotegy education, and they all
were interviewed. The institutions are Athens Technicale@e| Atlanta Technical College, Central Technical
Cdlege, and Gwinnett Technical College. The USG institutions interviewed included Georgia Institute of
Technology University of Georgia, and Kennesaw State University. One public school district was
interviewed about high school initiatives. The openingsjions for the interviews can be found in Appendix
A.

Results

The number of graduates of TCSG programs is lwthe students that do graduate are described as
doing quite well. Some companies typigalo not hire associate degree holders, but ireggitheir hiring
policies, interviews reveal that companies hire Atlanta Tech graduates with A.S. degreeselidnt
success. Atlanta Tech estimates that half of their graduates go on to purSuéegBee, with the remainder
going straight into indstry. The numbers of Atlanta Tech graduates is relatively small, averaging about ten
students a year. The soascof incoming candidates at Atlanta Tech is approximately 50% adult career
changers, theemainder being new high school graduates. CentraigizeTechnical College estimates that

nearly all students at this time are adult career changers.

The Athens pigram is the oldest biotech training in the state. They provide-gaamoprogram,
training people to work in a biotechnology manufacturingaafebout half of the students go on to get afour
year degree. About 85 students are enrolled, but some fudentst taking a class in the area. The program
graduates about ten studentsayear.lne 6 heyday 6 the progr adentgayaaluat ed
The program tends to be broad, but most students are in microbiology or analytical chertirggs; sElhe
recent trend has been toward biomanufacturing. Local industry is reportedetbitiag needs in the hundreds
of people. Athens Téccan only provide a small number of candidates. All the respondents at USG and TCSG

see biotechnology and bidgsnce as existing at the intersection of science and business. Bioscience was
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described aan applied not pure science. It was stated thaestaghould have a strong sense of the business

component of the industry in addition to the scientific andreseging knowledge and skill sets.

Challenges

Issues in Student Recruitment, Retention,draduation

There was one theme that dominated tiseus$sion across all interviews, including high school,
TCSG, and USG interviews. The interviews with the progchairs were remarkably consistent on the issue
of student recruitment. The largest chagle in recruitment is educating students, and thigiguy career
influencers, parents and teachers. The widespread consensus is that people do not understanceeht
biotechnology looks like. There is little understanding of the depth and brefglbssibilities. Anecdotes
given by the respondenindicated that students were drawn into the field because a friend, teacher, or mom,
guided their decisions.HEre was a clear message that there was a need to find ways to educate students, and
their primary career influencers, parents and teachersit dve career opportunities that exist in

biotechnology.

The interviews remarks on the issue of student recemtmesonated with a 2005 era research report
called AThe Extraor djiematr y( BWHER)N. EnOh e» eEWEP Preport
American Association of Engineering Societies (AAES), the American Society of Civil Engineers (ASCE),
and WGBHEducational Foundation. The findings of the report revealed the issues in recruitingwisueg
to the engineering profession. The EWEP idadithat significant problem in recruiting students to
engineering careers is that students and the adulisthdt | uence studentds choi ce
an engineering career looks like atwinot know how to identify with an engineering @rd he interviews
revealed a nearly identical statement about biotechnology careers. There is a strong essibtith

initiatives that educate prospective students and career influencers abech hiod bioscience careers.

The most discussed, anast needed area of attention was the area of developing and cultivating
interest, motivation, and academic cdpain pre-college students. For many years, in other STEM fields,
there has been substahittention to the issue of how to influence theeeadevelopment path of elementary
through high school students. There are activities in i@ KTEM formal inclass, and informal afteschool
initiatives that can inform thinking about building biciebioscience workforce and pestcondary
opportunites. In the STEM fields of computer science and engineering;gblege activities such as coding
camps, and twotics, has been influential in developing student career interest in the STEM fields of

ergineering and computer science. Existing state tiia such as the CTSO (Career and Technical Student

53

of



Alu, Barker, Doris, Prevost, & Saunders

Organization) provide teacher support and cocurricularggrgant in engineering and computer science fields

and dwarf similar efforts in biotechnolpg

The iIGEMS initiative was consistently cited inialterviews as an opportunity to develop student
interest in biotech and bioscience fields. IGEMS is a tbas@l engineering biology competition designed to
engage high school and college level studéritsre are 6,000+ students on about 340 teamsicipants in
the IGEM synthetic engineering biology competition come from schools compete all over the woyld. The
compete by making synthetic organisms, make genetic code, learn laboratory technigse,rasdarch
tools. It is competitive and is attraat, especially amongst peers. Some participants have the chance to go to
MIT in Cambridge, Massachusetts. Compad t o t he worl dés | argest out of
Robotics Competition with @r 615,000+ students on 72,000 teams, iGEMS isvelgtsmall. Efforts to
grow and support programs such as iGEMS provide an opportunity to engage students seithelsuccess
as other STEM engagement initiatives.

Consistent with the experience the T&6hairs have in program recruitment, it is obseithed
Mastersé6é applicants have a |l ittle but no deep under
laboratory skillsets. Some students have gained their first knowledge of biotechnology lnédaiesest in
brewing, and others due to a conditithat may have affected a family member, such as a relative who is
dependent on i ns ulVvelgradudtenpiograns suffer fiom thasamedate@s stutieats
entering TCSG. There is littfublic understanding of the biotech industry andnimeire of the careers that

exist.

Issues in State and Federal Policies

Athens Tech experience highlights homadl decisions have the potential to derail efforts to recruit
students. In 2007, a $ 1.9MS. Department of Labor grant provided fduli-time outreach person that
worked in schools during the school year, to recruit students and nurture studest intbiotech/bioscience
careers. During the summer, the person trained teachers. Thislwvas 6 heyday 6 of recrui t me
training. Athens Tech had the funding to do what they needed to do in this area. Funding for lab equipment is
currently adeqgate, but the missing link is the outreach, education, and recruitment component. Ad@Lthe
grant ended, most of the external engageroellapsed, except for faculty outreach on Fridays.
Administrative decisions now require faculty to be on campusriglay, and now external engagement has
collapsed. Recently, Athens Tech lost their webaliout biotech/biotech due to another setlaiiaistrative
decisions. Over time, the external engagement decayed to zero, and to fully reinforce the decay, now th

website it dismantled.
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Atl anta Techds program was s tohlaboegdantthattréateciup$ 4 .

the initial pogram. Some of the funds were able to be used to perform outreach and educaticoltegee
students. The FedefaDL grant has now expired. Another grant was used to enable career changers that held
H1B gants to move into the biotech/bioscience wéakp. This initiative was not for incumbent workers. The
Move On When Ready (MOVR) is a dual enrollment initiativehigh-school students allowing dual

enrollment in high school and a TCSG or USG institytieas viewed very favorably.

Federal grants a@ften intended to start programs at the state and local level with the goal of state
adoption when the Federal gramds. The Athens and Atlanta Tech experience illustrated how workforce
development startugfforts decay when the state fails to adopt famther develop these initiatives. Currently,
the Technical Colleges are very resource constrained on the issumgingnfeeder high schools. There is a
significant difficulty, and little support in the waf meeting with and guiding administratorsiascience
leads on how to move forward. Complicating the issue is the delivery of curriculum at the high schaal level,
terms of courses offered and t eac hté¢hehighschoolteveng. |t
teachers for aligned mictions were pulled out of nursing and allied health pathways.

The Athens and Atlanta Tech schools have an open sidmisiodel. Incoming candidates must meet
a minimum score on the Compass exam. The gatekeeprse tends to be general chemistry. Athens
developed a laboratory calculation class because incoming students are not prepared for math in chemistry.
Athens andAtlanta spend effort on standard and learning support classes to prepare students for the
biotechnology curriculum. Many students are ad¢quately prepared in the subject areas of English, math,
reading, t he basic 3RO sandriédiode eletvased and rieedno bbhablet®w d e f i
function. It is a steep learning curve fonse students. Once students get to chemisthypass it, they are

then on a conveyor belt to success. The issue is getting the right type of student in thentlassroo
Teacher Supply for High Schools
According to the USG Datamart, there are no teachetkipenl with a specific biotechnology

emphasis, or any known defined biotechnology undergraduate degree program anywhere in USG. Some

states, such as Florida, havegmams available to chemistry and biology teachers that allows the teacher to

8 M
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earnabiotdt t eachi ng cr edent i &LCarolinh @G@nmdnByiCollaged reports that they f Nor

offer professional development for teachers. There is no identifigelgraduate biotech teacher degree
program that we have found. Interviews with Georgia Bigiool and TCSG educators indicate that
biotechnology teachers are acquired on athad basis, by recruiting someone from industry, or by drafting

existing teacherfrom fields that seem nearfield or similar to-b@mething. The typical victim is said be
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often pulled the allied healthcare fieldsthe Healthcare cluster. One interview indicated attempts to draft the

school nurse to teach biotechnology.

Opportunities

The University of Georgia (UGA) support the biotechnology area in a couple of diffeags. First is
through technology developmgmand secondarily by providing workforce development. The technology
development efforts tend to incubate comparhas $pin out of faculty laboratories. UGA provides an
innovation gateway that provides irmator, product licensing, patent, contract, RJ intellectual property
protection support. The gateway also provides space to new companies in incubation.

Workforce development efforts include education and training, which can include experiential
leaming. Some pathways require internships. TieeeMS in Regulatory Affairs (MS RS) that is operated out
of the College of Pharmacy and a Master of BiomanufactaiagBioprocessing (MBB) in the Biomedical
and Health Sciences Institute at UGA. The MSf&Sises on Quality Control, FDA and DGMP guidesk,
and other pertinent regulatory areas. The MBB is a
business elsses that prepare candidates for the industry. The MBB has been in place since 2040 and ha
produced 34 graduates, with six currentlyliea program, and there are plans to increase the enrollment.
Enroliment standards are typical of a university levedrhae r 6 s pr ogram, whi ch requir e
statement of purpose leading to an a#ians evaluation of the fitness of the candiga. UGA has a O6Yo
Dawgso program that intakes high school etanddfternt s i n

school. O6Young Dawgs® i s an i ni tinite biotechmologyounivenseg age st

Located at Gewgia Tech, The Georgia Advanced Biomanufacturing Center (GABC) is a multi
university collaboration. Members include @gia Tech, University of Georgia, TCSG and Augusta
University. The goal is to create arpegstem that will help grow and attract bioteclogy and bioscience
firms to the area, by creating an international center of excellence. The State of GeordedpadvbM grant
(bond) for equipment and other tasks. The effort entails a planning piasding working with the
economic developmemuthorities to better understand issues in workforce development, innovation, and

commercialization.

Goals include mving the needle on what is state of the art in biotechnology, their initial thrust is to
work with TCSG and community colleges. The setthust is to bring in undergraduate students to work side
by side to develop new approaches in manufacturing andation, helping in the manufacturing of cellular
therapy and biologics, with the ultimatbjective of helping to drive economic growithe industry

collaborative effort is in a very early stage and is not fully engaged in industry as of this time.iSABEy
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new project. GABC would benefit from letters of support from industry. Ultimatiegy project intends to

build a GABC tech clster, a Tech Square Innovation Center that would become a showcase, a playground, to
enable the establishing proofadncept, startups, incubators, etc. The vision is to make Georgia an epicenter
for biotechmlogy and bioscience.

Data Analysis

GaDOE - High School Degree Programs

The biotechnology education sector in Georgia is relatively small. During the FY2018 ltttoro
cycle, The Georgia Department of Education reported that only 4.6%, or 2243lmgh schools offer the
full biotechnology pathway. Of those schools, 28,185 students across 397 schools tatiothuetion to
Healthcare Sciencehich is the mtroductory course to most of the allied healthcare pathways. The second
course in the biechnology pathway iEssentials of Bitechnologywhich was taken by 357 students in 20
schools. The final and pathway completion courggpislications of Biotechnofjywhich was completed by
542 students in 22 schools. For reference, there were 115@2nts in the 12th grade during AYZA)12018
GaDOE end of year % Thé completelCEAE @iat¢chnolagy Pathweay it available in
only46%ofallof Geor gi abs Hi)g-hturesreshacclo dhauld $e€kitogunderstand the
deployment of the CTAE Biotechnology Pathyvacross all states.

Fig 5-1: Georgia High School Biotechnology Pathway Availability
by number of high schools
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TCSG1 2-year Technical College Associate Degrees and Certificates

The Technical College System of Gear¢if CSG) data was evaluated to provide a snapshot of bioscience and
biotechnology prograrautcomes. For the academic 20122018 year, the TCSG production rates for
bioscience and biotechnology majors were relatively low (Fig. 11). The entire systemsedmpéthens
Technical College, Atlanta Technical College, Central Georgia Technidalgéphnd Gwinnett Technical
College,awarded a total of twensix Associate degrees and thittyo technical certificates of completion.

The Athens Technical Collegproduced four Associate degrees and nine technical certifications of
completion. The Aanta Technical College produced sigsbciate degrees and thirteen technical

certifications. The Central College of Georgia produced six Associate degrees aneldinnezl certificates

of completion. The Gwinnett Technical College produced ten Assodégjrees and seven technical degogées
completion. Of all of the technical colleges, the Atlanta Technical College awarded the most technical
certificate completionConversely, the Central Georgia Technical college awarded the lowest number of
technicalcertificates of completion. The Gwiatt Technical College awarded the highest number of Associate
degrees. Whereas, the Athens Technical College awarded the |owdstrnof Associate degreegTCSG

Office of Information Technology & Data Resources 2162018 end of year cydle

Fig. 5-2: Technical College System of Georgia
BioScience/Biotechnology 2017-2019 Production
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USG - Baccalaureate, Masters, & Ph.D. Degree Programs

Analysis of publicly availablélata from USG provides a snapshot of engineering degrees awarded. In 2018,
USG unitsawarded 3,110 BS, 1,138 MS, and 348Rldegrees in engineering. Of those totals, there were 302
BS, 47 MS, and 40 Ph.D. degrees in the engineering fields of Bioeriginaed Biomedical Engineering,
Biochemical Engineering, and Biological/Biosystems iBagring. USG DataMart, 2018 end oégr data
collection

Total Production for Engineering Degrees by USG institutions FY 2018
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