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PREFACE

“Job-creating research” and “Research Matters” are more than catchphrases summarizing the raison d'étre of the
Arkansas Research Alliance (ARA). They represent a purpose rooted in delivering economic development fueled by
intellectual creation at the state’s primary research universities. Intellectual creation springs from the minds, energies,
and collaborative nature of talented researchers and investigators. Attracting intellectual capital and nurturing it into
value for Arkansas is the core of ARA’s mission.

This report, Competing for Arkansas’ Future: The Economic and Functional Impacts of the Arkansas Research
Alliance, examines the extraordinary impacts of ARA’s investments in scientific talent recruitment, retention, and
productivity. Since its inception, ARA has invested a total of $8.3 million in helping to attract, retain, and energize
nearly 40 strategic researchers who now belong to the ARA Academy of Scholars and Fellows.

The results are impressive. Modest, sustained investments have generated outsized returns. Moreover, they represent
the difference that focused research talent makes in our state’'s economy. As expressed in the first half of the report,
the quantitative impacts include:

« $1.3 billion in total economic impact

« $26 million in state tax revenues: this amounts to better than a three to one return on the state's investment
to date—for every $1.00 of state investment in ARA Academy member research, the state received $3.13
in state tax revenues

«  $206 million in research funding

« Nearly 350 high-quality jobs averaging more than $80,000 in annual compensation

« 13 new Arkansas companies.

As a result of ARA's focus, the state's competitive position in the knowledge economy has improved. The second half
of the report describes ARA's functional impacts based on more than 30 interviews with university leaders, state
economic development officials, and industry collaborators. It also provides mini case studies speaking to those
impacts for Arkansas’ economy created in serving ARA's mission. They include:

« Building and developing top talent

« Sustaining and growing new areas of research

« Supporting and growing advanced industries

« Connecting the state's science and innovation community

The caliber of these results is only possible with the collaboration of trusted partners. The support and commitments
to invest in research talent have come from all corners, especially the university chancellors and private sector lead-
ers who comprise the ARA Board of Trustees, the Governor, the Arkansas Department of Commerce, the Arkansas
Economic Development Commission, the legislature, the Arkansas Congressional delegation, and the U.S Food and
Drug Administration. We appreciate their embrace of ARA's mission.

There are many takeaways from this report, but the overall message is clear: ARA is a proven economic develop-
ment model on which to capitalize. Since its founding 15 years ago, ARA has eclipsed the proof-of-concept stage
multiple times over. It is now emerging as a growth enterprise. This assessment sets the benchmark for ARA and
Arkansas to surpass in the coming years.

Sincerely,
Ritter Arnold, Chair of the Arkansas Research Bryan J. Barnhouse, President & CEQ,
Alliance Board of Trustees and Executive Vice Arkansas Research Alliance

President, E. Ritter & Company
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EXECUTIVE SUMMARY

The Arkansas Research Alliance (ARA)
was formed in 2008 as an independent,
non-profit public-private partnership
organization to meet new competitive
challenges and to elevate a fundamental
belief—Research Matters. ARA programs
help chancellors at the state's five major
research universities recruit, recognize,
and retain world-class scientific, tech, and
engineering talent in strategic research
focus areas (Figure ES-1). Additionally, ARA
plays a lead role for the State of Arkansas
in facilitating in-state collaborations

with the only national laboratory located
in the state—the U.S. Food and Drug
Administration’s National Center for
Toxicological Research (NCTR).

A decade-and-a-half later, the ARA has
matured into a multi-faceted and integral
organization leveraging university research
and top talent to change the economic
trajectory of Arkansas.

Figure ES-1. The Six Institutional Partners of ARA?

UAMS.

University of Arkansas for Medical Sciences

ARA has cultivated an impressive community

of innovation, and since its inception its Academy
of Scholars & Fellows has represented or generated
for Arkansas:

39 World-Class Scholars and Fellows.*

$205.7M in Research Funding—leveraging ARA grant
funding nearly 25 times.

13 Science- & Tech-Driven Startup Companies directly
associated with Academy members or their research.**

$1.3B Total Economic Impact in AR driven by
cumulative research funding and startups since 2011.

$80,000 Average Annual Compensation for jobs
generated by Scholars & Fellows—high-quality and
family sustaining jobs for Arkansans.

$26.1M Cumulative Contribution to State Tax
Revenues—a better than 3-to-1 return on Arkansas’
investments (ROI) in ARA to date.

*29 Academy members are active researchers at AR institutions today.

**Twelve of the 13 startups are active today.

EWMFE Ki@ﬁ ~ e

ARKANSAS STATE UNIVERSITY
UNIVERSITY  ZARKANSAS

1 Thesixinstitutions and associated abbreviations used throughout this report include: Arkansas State University (A-State or ASU), Uni-
versity of Arkansas (UA or U of A), University of Arkansas at Little Rock (UA Little Rock or UALR), University of Arkansas at Pine Bluff (UA
Pine Bluff or UAPB), University of Arkansas for Medical Sciences (UAMS), and the National Center for Toxicological Research (NCTR).
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The direct impact of ARA efforts is inherently challenging to quantify but with 15 years since its inception and
more than a decade of data available, it is now possible to evaluate, communicate, and continue to refine the
investments made into ARA. This report aims to tell the ARA story by developing and providing a comprehen-
sive examination and quantification of both the economic (or expenditure and employment based) impacts
and the functional (or mission-based) impacts of the organization to date. It is important to acknowledge that
the impacts generated by ARA require strategic and highly collaborative partnerships across Arkansas, and
many of these impacts cannot be directly attributed to ARA alone, but rather to the community of innovation
it has cultivated.

Against a backdrop of intense state, national, and international competition for advanced industry
development and top talent, ARA and its strategic programming efforts represent a critical tool for
maintaining and enhancing Arkansas’ ability to compete and to lead in the global knowledge economy.

ECONOMIC IMPACTS OF ARA INVESTMENTS FOR ARKANSAS

ARA's mission is to invest in strategic research talent recruitment, retention, and recognition to generate
scientific and engineering breakthroughs that support statewide economic development. The organi-
zation's signature effort is through the ARA Scholars Program, where ARA partners with universities to
recruit exceptional research talent and scientific leaders from outside of Arkansas. Its companion effort
to recognize and retain talented research leaders already residing on those five campuses and at NCTR
is through the ARA Fellows Program. This combined talent pool is funded via grants and merged into
the ARA “Academy” of Scholars and Fellows.

To meet its mission, ARA has invested in a total of 39 research Scholars and Fellows since its inception
through 2022, with 29 active members (i.e., members actively conducting research at one of the ARA
partner institutions) captured in the FY 2022 and FY 2023 data to date.? As a compounding and lever-
aging research investment program, the goal of these ARA investments in Arkansas researchers is to
“seed” the research activities of the member researcher, enabling them to further their future research
activities through additional sponsored research.

Figure ES-2 presents this cumulative investment and funding since ARA’s inception. Since 2011,

ARA has invested a total of $8.3 million in its Scholars and Fellows. Over this entire period through
mid-FY 2023 the 39 ARA Academy members have generated a total of $205.7 million in research
funding, with the 29 active Academy members generating $39.7 million in research funding through
the first half of FY 2023. Together, the ARA Academy researchers have leveraged their ARA funding
nearly 25 times—each dollar of ARA investment has helped support $24.75 in total research funding.

2 Cumulative membership in the ARA Academy totals 39 researchers with 29 active at the time this study was initiated. In the summer
of 2023 (FY 2023), seven additional Scholars and Fellows were named by ARA. The employment and research activities of these seven
are not included in this economic impact analysis. It should also be noted that researchers affiliated with the U.S. FDA's National Cen-
ter for Toxicological Research (NCTR) do not receive direct financial support from ARA.
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Figure ES-2. Cumulative ARA Investments in Academy Members and Academy Member Total Research
Funding, FY 2011—Mid-FY 2023
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Source: TEConomy Partners’ analysis based upon reporting from ARA and Arkansas Research Universities.

GENERATING SIGNIFICANT ECONOMIC IMPACTS FOR ARKANSAS

ARA Scholars and Fellows generate economic impacts through both research expenditures and en-
gaging the private sector through startup creation, licensing, or technology development partnerships.
These startup and early-stage activities are reflected in 13 Arkansas companies, with 12 active compa-
nies directly employing 150 Arkansans in 2023.

Using well-established regional economic analysis techniques of input-output (I-O) analysis, the impact
analysis® estimates the economic “ripple effect” throughout the Arkansas economy originating with
the direct employment of the ARA Academy members and related startup employment, flows through
Arkansas-based suppliers (indirect impacts), and ultimately through Academy members, their research
teams, and supplier workers who spend their wages in Arkansas (induced impacts).

Recent Economic Impacts, FY 2023. |In the latest Fiscal Year, the combined startup employment and
research expenditures associated with ARA Academy members are estimated to have generated and
supported:

« Direct output (including both sales from private firms and expenditures from institutional
researchers) of more than $124 million and direct employment totaling 346 jobs.

« These direct jobs—including the individual scholars and fellows—are high-quality and family-
sustaining, averaging more than $80,000 annually in total compensation.*

3 For this analysis, TEConomy used an Arkansas-specific IMPLAN [-O model and underlying data. The IMPLAN model is the most widely
used in the nation and is based on the U.S. Bureau of Economic Analysis (BEA) national accounts data, supplemented with state level
employment data from the U.S. Bureau of Labor Statistics (BLS), and other economic data from the U.S. Bureau of the Census and
other federal agencies.

4 Total compensation is inclusive of the value of wages, salaries, proprietor income and employee benefits. For comparison, average labor
income for all Arkansas workers is approximately $55,000.
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. Atotal economic impact of $209.3 million and 814 Arkansas jobs throughout the State economy
accounting for direct impacts as well as the broader multiplier effects of supply chain and
employee spending (indirect and induced impacts).

. Tax revenues to the State of Arkansas totaling $4.4 million.

Cumulative Economic Impacts, FY 2011-FY 2023. The cumulative impacts of the 13 years of research
expenditures and 13 Academy-related companies that were active in Arkansas during some portion of
this time period are estimated to generate and support:

- Direct output of $796 million and direct employment totaling 1,976 “job-years” (where one job for
one year is equivalent to one job-year).

« A total employment impact of 4,839 job-years combining direct, indirect, and induced effects.

« More than $1.3 billion in total economic impact across the Arkansas economy during this 13-year
period.

. Tax revenues to the State of Arkansas totaling $26.1 million.

Arkansas’ Return on Investments to date. The total leveraged ARA Academy investments of $8.3
million have yielded and supported combined state tax revenues over the full 13-year period totaling
$26.1 million. This amounts to a better than three-to-one return on the state’s investment (ROIl)—for
every $1.00 of state investment in ARA Academy member research to date, the state received $3.13
in state tax revenues, due to the research and companies formed related to this research.
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FUNCTIONAL, MISSION-BASED IMPACTS OF ARA AND ITS PARTNERSHIPS

ARA and the community of innovation it has cultivated through its recruitment and support of Scholars
and Fellows is clearly generating substantial economic impacts for Arkansas. Equally important are the
“functional” impacts generated via serving out its mission to improve the state's competitive position in
the knowledge economy. By stimulating innovation, encouraging and enabling collaborations, and
strengthening economic opportunity by investing in research, ARA is generating a wide array of
strategic functional impacts for Arkansas.

Considering the full range of activities supported by ARA and generated by its Academy, four functional
impact domains are summarized in Figure ES-3 with numerous corresponding impacts emanating

outward from each.

Figure ES-3. Functional, Mission-Based Impacts of ARA and its Partnerships

e hreeien Economic output Local/state Improved e d Science & Translational
aln 4 a' dlvaln < er‘;e:\t and employment government productivity and n ;s&s"s"?nstme tech-based research/tech
growth revenue competitiveness RIOJECES startups commercialization

New income streams
and economic
diversification

Placing top talent at
AR companies

Sustaining & Growing
New Areas of Research
for Arkansas’ Economy

Supporting & Growing
Arkansas’ Advanced
Industries

R&D driven
intelligence to solve
needs/challenges

Corp. access to Univ
core facilities,
specialized equipment

Retention, attraction
and growth of
businesses

Enhanced employ-
ment opportunities
and productivity

Top talent
recruitment

Top talent retention

New academic
programs

New core research
capabilities &
infrastructure

Building & Developing
Top Talent for Arkansas

Advancing K-12 STEM
education
throughout AR

Engaging students
in translational,
mkt-driven research

Convening & Connecting
Arkansas’ Science & Tech

Skills modernization
and skill
enhancement

Source: TEConomy Partners, LLC. for Arkansas Research Alliance.

Community

Facilitating
academic research
partnerships

Catalyzing

collaborations

translational research

Advancing diverse
research areas

Enhancing access,
impacts through
Facilities Exchange

Increasing/
supporting grant
opportunities

Fostering industry
connections

The report walks through and describes each of these areas accompanied by illustrative vignettes or

brief case studies of impacts generated by individual Scholars and Fellows. These examples and narra-

tives were identified and categorized via a qualitative approach, specifically a series of 30 one-on-one
and small group interview discussions with both ARA Scholars and Fellows and with key stakeholders
and selected collaborators including university leaders and administrators, state economic development

officials, and industry representatives who can speak first-hand to the impacts of ARA-supported

researchers and their research.
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LOOKING TO THE FUTURE
ARA is proud of its

ARA and the community of innovation leaders it accomplishments, though
has cultivated are generating significant impacts recognizes there is more work to
for Arkansas—both economically with respect be done to advance the research

to its outsized contributions in research-related growth and momentum in Arkansas.

impacts and a sizable cohort of science- and

tech-driven startups; and from its mission-based

roles as a driver of innovation, cultivator of top

talent, and connector of university research, industry, and government. ARA is evolving appropriately
into new areas including establishing the Core Facilities Exchange (CFE) and Impact Grants initiatives
(new programs detailed in the report), particularly in light of its relatively modest funding. Its cumula-
tive, compounding impacts are expected to continue to grow and advance.

ARA is looking ahead, and so are its stakeholders, who in interview conversations have illuminated the
underlying potential so many in the state see for ARA if its purview were expanded and its funding
enhanced. A number of suggestions were brought forth from these conversations, such as recruiting
post-doctoral researchers to allow Arkansas to better compete for top young talent; funding grants
strategically targeting collaboration between two or more Arkansas institutions; engaging diverse talent
in STEM fields to advance equity and inclusion for underrepresented populations; featuring “rising stars”
to recognize young star university research faculty in Arkansas today; and levelling up the financial
support for ARA to compete against initiatives in other states that are many times its size.

Stakeholders are clearly recognizing the impacts of ARA and its potential to grow and expand, and in the
future ARA could evolve even further. With respect to its core mission today to “invest in strategic research
talent recruitment, retention, and recognition to generate scientific and engineering breakthroughs that
support statewide economic development,” the evidence points to a decade-and-a-half of success.

ES-6 | COMPETING FOR ARKANSAS’ FUTURE



I. INTRODUCTION

To meet new competitive challenges and to
realize the benefits of robust university research
capabilities, the Arkansas Research Alliance

(ARA) was formed in 2008 as an independent,
non-profit public-private partnership organization
with a majority private sector-led Board to elevate
a fundamental belief—Research Matters. A
decade-and-a-half later, the ARA has matured
into a multi-faceted and integral organization
leveraging university research and top talent to
change the economic trajectory of Arkansas.

ARA programs help chancellors at the state's five
major research universities recruit, recognize, and
retain world-class scientific, tech, and engineering
talent in strategic research focus areas (Figure 1).
The organization’s signature effort is through the
ARA Scholars Program, where ARA partners with
universities to recruit exceptional research talent and
scientific leaders from outside of Arkansas through
a $500,000 grant award. Its companion effort to
recognize and retain talented research leaders
already residing on those five campuses is through
the ARA Fellows Program which issues grant awards
of $75,000. This talent pool is merged into the ARA
Academy of Scholars and Fellows.

The direct impact of ARA efforts

is inherently challenging to
quantify but with 15 years since its
inception and more than a decade
of data available, it is now possible
to evaluate, communicate, and
continue to refine the investments
made into ARA.

This report aims to tell the ARA
story by developing and providing

a comprehensive examination and
quantification of both the economic
and the functional impacts of the
organization to date.

It is important to acknowledge
that the impacts generated

by ARA require strategic and
highly collaborative partnerships
across Arkansas, and many of
these impacts cannot be directly
attributed to ARA alone, but rather
to the community of innovation it
has cultivated.

Additionally, ARA plays a lead role for the State of Arkansas in facilitating in-state collaborations with the
only national laboratory located in the state—the U.S. Food and Drug Administration’s National Center
for Toxicological Research (NCTR) in Jefferson. NCTR's work resides at the crossroads of advancing
modern scientific techniques and approaches for drug development. This work has critical implications
for our nation’s public health and economic competitiveness. ARA supports the State of Arkansas’
collaboration with NCTR by providing outreach capabilities with Arkansas university partners and other
institutions and helping to manage collaborative projects with NCTR involving Arkansas universities.

COMPETING FOR ARKANSAS’ FUTURE | 1
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As ARA has evolved, it has expanded its programmatic activities and interconnections to include two
relatively new initiatives—an effort to leverage the extensive set of resources and assets contained in
university and national lab “core” research facilities in a new Core Facilities Exchange (CFE) program
intended to enhance access and shared-use; and the ARA Impact Grants Program, providing Academy
members with targeted funds up to $75,000 for strategic, 12-month projects.

These efforts expand ARA's value well beyond its programmatic successes. ARA stands out in bringing
together industry and university leaders from across the state and has become a leading champion of
the state's knowledge-economy initiatives to generate new startup companies, high-quality jobs, and
rising per capita income in Arkansas.

The direct impact of ARA efforts is inherently challenging to quantify but with 15 years since its
inception and more than a decade of data available, it is now possible to evaluate, communicate, and
continue to refine the investments made into ARA. This report aims to tell the ARA story by developing
and providing a comprehensive examination and quantification of both the economic (or expenditure
and employment based) impacts and the functional (or mission-based) impacts of the organization to
date. It is important to acknowledge that the impacts generated by ARA require strategic and highly

5 Thesix institutions and associated abbreviations used throughout this report include: Arkansas State University (A-State or ASU), Uni-
versity of Arkansas (UA or U of A), University of Arkansas at Little Rock (UA Little Rock or UALR), University of Arkansas at Pine Bluff (UA
Pine Bluff or UAPB), University of Arkansas for Medical Sciences (UAMS), and the National Center for Toxicological Research (NCTR).
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collaborative partnerships across Arkansas, and many of these impacts cannot be directly attributed to
ARA alone, but rather to the community of innovation it has cultivated.

To capture and describe the results to date, ARA has engaged TEConomy Partners, LLC (TEConomy), a
national leader in innovation-driven economic development consulting. TEConomy has an extensive track
record in conducting rigorous and robust assessment studies of R&D assets and overall innovation ecosys-
tems in numerous states, including Arkansas. These assessments inform the targeting of innovation-led
growth opportunities as well as strategic actions to further technology-driven development. TEConomy
also has assisted numerous other state-level technology organizations in evaluating their performance.

ARA's performance assessment recognizes the importance of going beyond the numbers to tell quali-
tative stories. These mini case studies show how ARA has proven itself to be up to the task of engaging
leaders in industry and research institutions in addition to facilitating on-the-ground efforts to translate
research into economic development success stories. The results are that industry-university partner-
ships have flourished, top talent has been generated and retained, and new startups launched.

This report is organized across two major sections—one, measuring the economic impacts of ARA
investments for Arkansas, and a second that presents and highlights the functional, mission-based
impacts generated by ARA and its strategic partnerships. Against a backdrop of intense state, national,
and international competition for advanced industry development and top talent, ARA and its strategic
programming efforts represent a critical tool for maintaining and enhancing Arkansas' ability to com-
pete and to lead in the global knowledge economy. This is the ARA story.

COMPETING FOR ARKANSAS' FUTURE | 3



Il. ECONOMIC IMPACTS OF ARA
INVESTMENTS FOR ARKANSAS

ARA’s mission is to invest in strategic research talent recruitment, retention, and recognition to generate
scientific and engineering breakthroughs that support statewide economic development. To this end,
ARA has invested in a total of 39 research Scholars and Fellows (together referred to as the ARA Academy)
since its inception through 2022, with 29 active members (i.e., members still conducting research at one
of the ARA partner institutions) captured in the FY 2022 and FY 2023 data to date.® For each year of the
impact assessment, the analysis presented herein captures the active number of Scholars and Fellows
and their total research expenditures, as provided by their institution for that fiscal year.

ARA INVESTMENTS IN RESEARCH SCHOLARS AND FELLOWS (ARA ACADEMY)

As a compounding and leveraging research investment program, the goal of these ARA investments in
Arkansas researchers is to “seed” the research activities of the member researcher, enabling them to
further their future research activities through additional sponsored research.

Figure 2. Cumulative ARA Investments in Academy Members and Academy Member Total Research
Funding, FY 2011—Mid-FY 2023
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Source: TEConomy Partners’ analysis based upon reporting from ARA and Arkansas Research Universities.

6 Cumulative membership in the ARA Academy totals 39 researchers with 29 active at the time this study was initiated. In the Spring of
2023 (FY 2023), seven additional scholars and fellows were named by ARA. The employment and research activities of these seven are
not included in this economic impact analysis.
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Figure 2 presents this cumulative investment and funding since ARA’s inception. Since 2011, ARA has

invested a total of $8.3 million in its scholars and fellows.” Over this entire period through mid-FY 2023
the 39 ARA Academy members have generated a total of $205.7 million in research funding, with the 29
active Academy members generating $39.7 million in research funding through the first half of FY 2023.

Together, the ARA Academy researchers have leveraged their ARA funding nearly 25 times—each dol-

lar of ARA investment has helped support $24.75 in total research funding for the Academy members.

OVERVIEW OF ECONOMIC IMPACT
METHODOLOGY

ARA Scholars and Fellows generate economic
impacts through both research expenditures
and engaging the private sector through startup
creation, licensing, or technology development
partnerships. These startup and early-stage
activities are reflected in 13 Arkansas companies,
with 12 active companies directly employing
150 Arkansans in 2023 (Table 1).

The economic impacts of the ARA Scholars,
Fellows, and related startup companies can be
measured using the standard and well-estab-
lished regional economic analysis technique

of input-output (I-O) analysis. For this analysis,
TEConomy used an Arkansas-specific IMPLAN
I-O model and underlying data. The IMPLAN
model is the most widely used in the nation and
is based on the U.S. Bureau of Economic Analysis
(BEA) national accounts data, supplemented
with state level employment data from the

U.S. Bureau of Labor Statistics (BLS), and other
economic data from the U.S. Bureau of the
Census and other federal agencies.

Using the IMPLAN model, the impact analysis
estimates the economic “ripple effect” through-
out the Arkansas economy originating with

the direct employment of the ARA Academy
members and related startup employment, flows
through Arkansas-based suppliers, and ultimate-
ly through Academy members, their research
teams, and supplier workers who spend their

7 It should also be noted that researchers affiliated with the U.S.

FDA's National Center for Toxicological Research (NCTR) do
not receive direct financial support from ARA.

ECONOMIC IMPACT
TERMINOLOGY

Types of Impacts

Direct Effects - the specific impact of ARA
scholars, fellows, their research expenditures,
and the employment of related startups.

Indirect Effects — the impact of the spending
of these economic actors with their suppliers.

Induced Effects - the additional economic
impact of the personal spending of the ARA
academy members, related startup firms, and
their Arkansas suppliers’ employees in the
overall Arkansas economy.

Total Impacts - the sum or combination
of these three impact effects.

Definition of Impact Variables

Employment is the total number of jobs
created and includes the direct employment
of the ARA scholars, fellows, and related
startup companies.

Labor Income is the total amount of
compensation, including salaries, wages and
benefits, received by employees and others in
the supply-chain related to ARA investments.

Value Added is the difference between total
output and the cost of intermediate inputs; it
is a measure of the contribution to GDP.

Output (also known as production, sales, or
business volume) is the total value of the
goods and services produced in the economy.
Academy member research expenditures are
considered part of the output for the purposes
of this study.

Government Revenues includes estimates
of revenues generated for local, state, and
federal governments through the economic
activity measured.
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wages in Arkansas (Figure 3). It is important to note that this analysis only accounts for the economic
impacts occurring within the State of Arkansas—out-of-state purchases and spending are not captured
within the impact results.

Figure 3. Graphic Depiction of ARA Economic Impact Components
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Table 1. Arkansas-based Startups and Emerging Companies Affiliated with ARA Academy Members

COMPANY NAME ARKANSAS CITY

Acetaminophen Toxicity Diagnostics (ATD), LLC (Founded 2006) Little Rock
Advanced Plant Technologies Little Rock
Bastazo Fayetteville
My Life (HQ in TN, operations in AR) Little Rock
Nature West, Inc. Jonesboro
Nushores Biosciences Little Rock
Ozark IC Fayetteville
Pellucere® Technologies, Inc. (formerly WattGlass) Fayetteville
SIEV, LLC Fayetteville
SurfTec, LLC Fayetteville
Top Notch Pharma Little Rock
Vivas, LLC (closed in 2017) Fayetteville
Wolf Speed (formerly APEI/Cree) Fayetteville

Source: ARA and individual Academy Members, and TEConomy Partners analysis.
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RECENT ECONOMIC IMPACTS: FY 2023

The 29 active ARA Academy researchers generated $39.7 million in total research funding in FY
2023 including ARA investments of $383,300. This total research funding was used to employ and
support an estimated 167 additional university and NCTR employees in 2023. The past and current
work of these researchers enabled and supported 12 Academy-related emerging and existing compa-
nies in Arkansas. Combined, these 12 firms employ 150 Arkansas residents in 2023.8

Together, the employment and research expenditures are estimated to generate direct output (includ-
ing both sales from private firms and expenditures from institutional researchers) of more than $124
million in FY 2023. These direct jobs—including the individual scholars and fellows—are high-quality
and family-sustaining jobs, averaging more than $80,000 annually in total compensation.®

The multiplier effects of these ARA-leveraged investments and related activities, taken together, generate
and support a total employment impact of 814 Arkansas jobs throughout the State economy, earning an
average compensation of more than $68,500, and a total economic impact of $209.3 million (Table 2).

Table 2. Economic Impacts of ARA Investments in Research Scholars and Fellows, FY 2023 (as of 5.1.23)

IN $MILLIONS
LABOR VALUE OUTPUT COLLCJ)IS%?AX STATE TAX FE?EQAL
IMPACT TYPE EMPLOYMENT INCOME ADDED REVENUE REVENUE REVENUE
Direct Effect 346 $27.7 $52.7 $124.2 $0.1 $1.0 $6.2
Indirect Effect 270 $19.0 $27.8 $52.6 $0.4 $1.5 $3.7
Induced Effect 198 $9.4 $17.9 $32.4 $0.5 $1.7 $1.7
Total Impacts 814 $56.1 $98.4 $209.3 $1.0 $4.4 $11.8

Source: TEConomy Partners’ analysis using IMPLAN 2021 State of Arkansas model. Dollar values are in current 2023 dollars.

8 The companies were classified, using their current federal NAICS industry code, into the appropriate IMPLAN industry sector for impact
modeling purposes.

9 Total compensation is inclusive of the value of wages, salaries, proprietor income and employee benefits. For comparison, average labor
income for all Arkansas workers is approximately $55,000.
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CUMULATIVE ECONOMIC IMPACTS: FY 2011 - FY 2023

As discussed earlier, the cumulative research expenditures across the total 39 active and former ARA
Academy members reached $205.7 million from FY 2011 through FY 2023. This total research funding
was used to employ and support approximately 202 direct Academy member job-years and 851 direct
job-years of additional university and NCTR employees over the FY 2011 to FY 2023 period (one job for
one year = one job-year; the same job for all 13 years = 13 job-years).

To incorporate the economic effects and impacts of the 13 Academy-related companies that were
active in Arkansas during some portion of the period, a linear growth trend was used to develop an
estimate of each startup firms' annual employment from their founding date through their reported
2023 employment. These companies combined to generate and employ an estimated 923 direct
job-years for Arkansas residents since ARA’s inception.

To assess the cumulative economic impacts, an impact model for each of the years (FY 2011-FY 2023)
was developed incorporating each year's direct values as inputs. These annual results were added
together to generate the estimates in Table 3.

Table 3. Economic Impacts of ARA Investments in Research Scholars and Fellows,
FY 2011-FY 2023 (as of 5.1.23)

IN $MILLIONS
EMPLOYMENT | LABOR VALUE ke Sl e
IMPACT TYPE (JOB-YEAR) | INCOME | Appep | OUTPUT | COUNTYTAX = U
REVENUE | REVENUE | REVENUE
Direct Effect 1,976 $163.5 $333.8 $796.2 $0.4 $6.0 $35.9
Indirect Effect 1,659 $117.9 $171.4 $322.0 $2.5 $9.5 $22.2
Induced Effect 1,204 $55.6 $105.3 $190.6 $3.1 $9.8 $9.9
Total Impacts 4,839 $336.9 $610.5  $1,308.8 $6.2 $26.1 $68.8

Source: TEConomy Partners’ analysis using IMPLAN 2021 State of Arkansas model. Dollars are totaled from each year’s current dollar
values.

Over the approximately 13-year period, the ARA Scholars’ and Fellows’ direct research efforts generated
and supported 2,095 Arkansas job-years, while their 13-related startups generated and supported an
additional 2,744 Arkansas job-years over the period, for a combined, total employment impact of 4,839
job-years. Overall, the Academy members’ research and startup activities led to more than $1.3
billion in total economic impact in the State, while adding more than $610 million to Arkansas’ GDP
(value added) over the period.
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RETURN ON STATE OF ARKANSAS’ INVESTMENTS TO DATE

While the emphasis on ARA Scholars and Fellows investments has been on “job-creating research” the
program has also generated returns to the State of Arkansas through a variety of tax-related revenues.

The total leveraged ARA Academy investments of $8.3 million have yielded and supported $4.4 million

in FY 2023 state tax revenues alone, with combined state tax revenues over the full 13-year period
totaling $26.1 million. This amounts to better than a three-to-one return on the state’s investment
(ROI) to date—for every $1.00 of state investment in ARA Academy member research to date, the state
received $3.13 in state tax revenues, due to the research and companies formed related to this research.
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lll. FUNCTIONAL, MISSION-BASED
IMPACTS OF ARA AND ITS PARTNERSHIPS

ARA and the community of innovation it has cultivated through its recruitment and support of Scholars
and Fellows is clearly generating substantial economic impacts for Arkansas. Equally important are the
“functional” impacts generated via serving out its mission to improve the state's competitive position
in the knowledge economy. By stimulating innovation, encouraging and enabling collaborations, and
strengthening economic opportunity by investing in research, ARA is generating a wide array of strate-
gic functional impacts for Arkansas.

Considering the full range of activities supported by ARA and generated by its Academy, four functional
impact domains are summarized in Figure 4 with numerous corresponding impacts emanating out-
ward from each.

These domains and associated impacts were identified and categorized via a qualitative approach,
specifically a series of 30 one-on-one and small group interview discussions with both ARA Scholars and
Fellows and with key stakeholders and selected collaborators including university leaders and admin-
istrators, state economic development officials, and industry collaborators who can speak first-hand to
the impacts of ARA-supported researchers and their research. It is important to note that the objective
of this approach is not to provide an exhaustive accounting of all activities, but rather to provide an
objective overview and illustration of the many benefits that ARA activities generate.
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Figure 4. Functional, Mission-Based Impacts of ARA and its Partnerships
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The diversity of functional impacts can be summarized and organized across the following four domains:

HUWN

Sustaining & Growing New Areas of Research for Arkansas’ Economy
Supporting & Growing Arkansas' Advanced Industries

Convening & Connecting Arkansas’ Science & Tech Community
Building & Developing Top Talent for Arkansas

This assessment does not attempt to rank or weight the importance of any of the four domains or

associated functional impacts. The varied stakeholders and audiences for this report will no doubt have

their own perspectives on the relative importance of particular domains. This section of the report walks

through and describes each of these areas accompanied by illustrative vignettes or brief case studies

of impacts generated by individual Scholars and Fellows. Some impact areas overlap domains but are
described within a domain with which it is best aligned.

COMPETING FOR ARKANSAS’ FUTURE | T



SUSTAINING & GROWING NEW AREAS
OF RESEARCH FOR ARKANSAS’ ECONOMY

New Income Streams & Economic Diversification; Economic Output and Employment Growth

As illustrated in Section 2 of this report, ARA Academy members represent a powerful and important
economic engine for Arkansas. Whether in starting up new science- and technology-driven companies,
preparing top talent in STEM fields for Arkansas’ advanced industry workforce, or through the sheer
magnitude of research funding brought into the state, ARA Scholars and Fellows are important to
economic diversification for Arkansas.

The 12 active startups associated with the research of ARA Academy members and employing 150 today
in Arkansas represent significant levels of high-paying, family-sustaining jobs for Arkansans and hundreds
of others supported by these companies’ supply chains and employee spending. But importantly, these
companies are in advanced industries driven by homegrown science and technology innovation where
Arkansas has typically had lower concentrations of companies and jobs relative to national averages. By
establishing companies in leading-edge, high-growth market areas such as bone and tissue regeneration,
surface engineering, toxicity diagnostics, rugged integrated circuits, and more, Arkansas is seeing an
economic diversification dividend from its relatively modest annual investments in ARA.

The nearly $206 million in R&D funding received by ARA Academy members since their induction is
truly impressive and represents the highly productive nature of these individuals in securing funding
from varied sources beyond Arkansas, in particular federal grants. To illustrate:

«  Academy members outperform their state and national counterparts in securing research funding.
In the latest year of available data, each ARA Academy member received, on average, $1.53 million
in total sponsored research funding versus levels approximately one-third of that total for their
counterparts across both Arkansas and the U.S. (Table 4).

Table 4. Average Total Sponsored Research per Principal Investigator,
ARA Academy Members vs. AR and U.S. Research University Peers, Latest Year Available

DATA YEAR SPONSORED RESEARCH, $ PER PI

Academy Members 2023 $1,525,324
All Arkansas Research Universities 2019 $418,660
All U.S. Research Universities 2019 $492,348

Source: TEConomy Partners’ analysis of Arkansas university-provided sponsored research data for ARA Academy Members; NSF Higher
Education R&D Survey.

Critical also to economic diversification and growth is the role played by ARA Academy members in
STEM talent development. Touched on more extensively in the “Top Talent” impact domain discussion,
ARA Scholars and Fellows are attracting, developing, and retaining critical top talent for Arkansas via
their academic programming, employment in research laboratories, engagement in entrepreneurial
incubation and acceleration activities, and placement at Arkansas universities, as well as both estab-
lished and startup companies.
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Local & State Government Revenue

The research and economic outputs generated by ARA Academy members generate significant returns
to state and local governments in the form of tax revenues. The economic impact analysis in Section 2
estimates the cumulative, 13-year contribution to combined state and local government coffers exceed-
ed $26 million, representing a strong “ROI" for the State of Arkansas and benefits to local communities
across the state.

Scientific Innovation & Advancement

While economic impacts and benefits are critical, at its core the mission of ARA and the community
of innovation it has built is driven by advancing innovation through scientific research and discovery,
ultimately for job-creating research. ARA and its university and national lab partners have cultivated
a research and innovation community that is especially diverse in its science and technology areas of
focus. Examples of the many unique areas of research in which ARA Scholars and Fellows are focused
are highlighted in Figure 5.

Figure 5. Example Areas of Scientific and Technological Research Enhanced in Arkansas by ARA
Scholars and Fellows

mumey BIOMEDICAL AND OTHER LIFE SCIENCES

Agriculture/AgTech and aquaculture - Oncology

Biochemistry - Pharmacology and toxicology
Biomedical engineering - Plant biotechnology

Drug discovery - Public health, media and technology

Onco-cardiology

s COMPUTER SCIENCE/TECH

Bioinformatics
Social media and online behavioral studies

Membrane science and technology
Power electronics and energy
Tribology and surface engineering

Materials science

Nano materials and coatings
Quantum optics

Quantum physics
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One illustration of the extensive impacts of ARA
Academy scientific innovation and advancements
is the volume of research publications they In 2018, ARA launched its pilot round
of Impact Grants with $1 million
invested across 15 projects and has
tracked outcomes associated with
this initial round and find it has
induction into the Academy. generated $13 million in follow-on
extramural funding into Arkansas.

have authored. ARA Scholars and Fellows have
combined to publish more than 1,700 research
publications in peer-reviewed journals since their

ARA is proaCtlvely supporting future research Source: Arkansas Research Alliance calculations
funding and other key collaborations and based on data provided by Impact Grant

. ) B recipients.
high-return goals via its Impact Grants program.

The program provides Academy members with

targeted funds of up to $75,000 for strategic,
12-month projects that fall into one of the follow-
ing three categories:

« Future Extramural Funding - includes projects that better position Academy members to compete
for future research funding; that accelerate data development allowing for larger research grants;
and that strengthen funding competitiveness via strategic collaboration among ARA Academy
members and/or Arkansas public universities.

. Industry Engagement/Commercialization - includes projects that conduct commercially-oriented
proof-of-concept, prototype development requested by industry or a prospective investor; or that
transition novel ideas into testable prototypes focused on customer-identified problems.

« Scholarly Advancement - includes projects that accelerate discovery in high-risk/high-reward
endeavors that align with Arkansas-specific challenges.

In 2018, ARA launched its pilot round of Impact Grants with $1 million invested across 15 projects
and has tracked outcomes associated with this initial round and find it has generated $13 million in

follow-on extramural funding into Arkansas.® The program'’s second round was launched in late 2020,
funding 16 projects for $1 million and has generated a similar level of return.

10 Follow-on funding totals from the pilot round of ARA Impact Grants are based on data reported directly by grant recipients to ARA.
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R&D Driven Intelligence to Solve Needs and Challenges

Arkansas' companies and government are leveraging the science and technology expertise of the
ARA Academy. The corporate engagement is a focus of the Advanced Industries impact domain area
section, but a key example from government is provided here as an illustration of utilizing homegrown

Arkansas-developed tech innovation to help Arkansans and law enforcement during the recent pan-

demic-related public health crisis.

During the COVID-19 pandemic, ARA con-

nected ARA Fellow Dr. Nitin Agarwal and the
Collaboratorium for Social Media and Online
Behavioral Studies or “COSMOS” center at UA
Little Rock with the Arkansas’ Attorney General's
office to leverage their expertise in identifying and
tracking COVID-related misinformation, disin-
formation, and scams that spread online during
the pandemic. Dr. Agarwal, the Jerry L. Maulden-
Entergy endowed chair and a professor of informa-
tion science at UA Little Rock, founded COSMOS
to survey vast quantities of social media data and
information online and identify emerging threats.
Since its founding, the COSMOS has tracked and
assessed varied threats globally including around
the Islamic State, Singapore's elections, anti-NATO
propaganda from Russian state-sponsored agents,
and autism awareness campaigns. Dr. Agarwal
and his team of 30 students at COSMOS have
developed data analysis tools and methodologies

ARA Fellow Dr. Nitin Agarwal’s
Partnership with the AR Attorney
General to Combat COVID
Disinformation, Scams

“Scammers are working overtime

to exploit coronavirus fears. We are
grateful for the ongoing efforts in
Arkansas by Dr. Agarwal and his team
at UA Little Rock helping identify the
schemes thieves employ so we can
stop these fraudulent activities, hold
offenders accountable and prevent
Arkansans from being fooled by
bogus claims.”

- U.S. Sen. John Boozman (R-Ark.)

to sweep and track online blogs, social media sites, and YouTube videos to identify so-called “bad actors”

who aim to spread misinformation and steal consumers’ money and/or identities. The team protected

Arkansas consumers by partnering with the Office of the Attorney General to develop and regularly

update a website reporting scams and misinformation regarding COVID-19.1!

The ability to leverage this type of tracking and capability for Arkansans provided an economic advantage
to the state during a difficult public health crisis, enhanced publicity for UA Little Rock’s expertise in this

niche research space, and changed human behavior, communication, and information dissemination
tactics. Ultimately, the COVID-related assessment work led to additional U.S. Department of Defense
(DoD) grants for Dr. Agarwal and COSMOS, including a new 2-year, $5 million grant from the U.S. Army.

11 UA Little Rock, “Nitin Agarwal: Flattening the Misinformation Curve—The Internet, The Virus and Digital Forensics,” April 15, 2020.
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Importance of ARA Fellows in Seeding Emerging Industries in Arkansas

Dr. Fabricio Medina-Bolivar, a 2021 ARA Fellow, is a Professor of Plant Metabolic Engineering within the
Department of Biological Sciences at Arkansas State University and is Executive Director of the American
Council for Medicinally Active Plants (ACMAP). Dr. Medina-Bolivar is one of the world's leading scientists
using hairy root cultures as production systems of valuable natural products. His cutting-edge technology
has provided means to study the biological activity of novel natural products and identify their benefits to
human health.

Hairy roots, also known as transformed roots, are a type of plant tissue culture that holds several important
applications and benefits as bioproduction systems to discover natural products with important applications
in human health. Under normal conditions, plants only produce enough of the relevant antioxidant, anti-
inflammatory, or anticancer compounds they need—a very small amount. Dr. Medina-Bolivar and his team
have designed an innovative approach to produce more compounds that can be used to help humans,
specifically by mimicking natural “stresses” in the laboratory, which causes the plants to react by producing
more chemicals that help them survive. The varied applications and benefits from this research include:

Secondary Metabolite Production: Hairy roots have the unique ability to produce a wide range of
secondary metabolites, including pharmaceuticals, phytochemicals, and other valuable compounds.
These metabolites often possess medicinal properties, such as antimicrobial, antioxidant, and anticancer
activities. Hairy root cultures provide a controlled and sustainable source for the production of these
valuable compounds.

Genetic Manipulation: Hairy roots can be genetically engineered to express specific genes or pathways
of interest. Genetic manipulation techniques, such as gene insertion, gene silencing, or overexpression,
can be applied to hairy roots to enhance the production of desired compounds or to study gene
function. This allows researchers to explore and optimize the production of specific molecules with
industrial or medical applications.

Disease Resistance Studies: Hairy roots provide a convenient system for studying plant-pathogen
interactions and testing disease resistance. By introducing specific genes or pathogens into hairy
roots, researchers can evaluate the plant's response to infection and gain insights into plant defense
mechanisms. This knowledge can be valuable for developing disease-resistant crop varieties and
improving agricultural practices.

Crop Improvement: Hairy roots can be employed in crop improvement programs. By introducing genes
associated with desirable traits, such as increased yield, enhanced nutritional value, or improved stress
tolerance, researchers can develop genetically improved varieties. Hairy root transformation provides a
powerful tool for evaluating gene function and its impact on crop performance.

Environmental Applications: Hairy roots can be utilized for phytoremediation, which involves using
plants to clean up or remove pollutants from contaminated environments. Certain hairy root cultures
have shown the ability to absorb heavy metals, organic pollutants, and other toxic substances from soil
or water. This makes them a potential tool for environmental cleanup and restoration.

Recognizing the commercial potential of his research, Dr. Medina-Bolivar is Co-Founder and Chief Scientific
Officer of Nature West, Inc., a biotech company founded in 2005 and based in Jonesboro, Arkansas. Nature
West's pioneering technology uses a plant root culture production platform to produce a suite of plant
compounds that have potential application to human health and wellness. Based on Dr. Medina-Bolivar's
ongoing research and current patent portfolio, there is an opportunity to develop this emerging technology
further and link it to other biomedical and plant bioscience research opportunities and competencies.
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SUPPORTING & GROWING ARKANSAS’ ADVANCED INDUSTRIES

Science & Tech-Based Startups

As highlighted in the previous section, ARA

Scholars and Fellows have founded or co-founded Among several attractive

opportunities in coming to UAMS,
“the opportunity to advance as
an entrepreneur, and to help

13 companies based on the commercialization
of their research. In addition to generating new

science- and technology-based and innova- people along their entrepreneurial
tion-driven startups rooted in Arkansas them- journey, was especially attractive
selves, ARA Scholars and Fellows are supporting about coming to UAMS ... | see

opportunities here [to advance life
sciences cluster development] | saw
15 years ago in Milwaukee.”

startup development through incubation and
acceleration activities.

Dr. John Imig, a 2022 ARA Scholar, was - Dr. John Imig, Department Chair,
Pharmacology and ARA Scholar,
UAMS

recently recruited into the state as Chair of
the Department of Pharmaceutical Sciences
at UAMS. Coming from the Medical College of

Wisconsin (MCW) where he was an Eminent

Scholar and inaugural Director of its Drug

Discovery Center, Dr. Imig had seen first-hand the emergence and growth of Wisconsin's life sciences
cluster at the intersection of university R&D and corporate partnerships. At MCW, the Drug Discovery
Center facilitates and accelerates drug discovery via its Therapeutic Accelerator Program. With his
experiences in accelerator programming, and founding three therapeutics companies himself, Dr.
Imig has arrived in Arkansas excited to help advance a biotech-focused accelerator in partnership with
UAMS BioVentures. As a VP of Technology Acceleration with BioVentures, Dr. Imig will help companies
and research investigators to accelerate therapeutics development. Dr. Imig has been pleased to find
a cadre of entrepreneurial-minded UAMS students and post-doctoral researchers in the drug discovery
space that were recruited by Dr. Peter Crooks, another ARA Scholar who recently stepped down as
Department Chair. In addition, Dr. Imig is also helping to lead BIOArkansas, a newly forming state
affiliate of the national Biotechnology Innovation Organization (BIO).

Dr. Laura James, a Professor of Pediatrics and Associate Vice Chancellor for Clinical and Translational
Research at UAMS, founded in 2006 and has continued to develop Acetaminophen Toxicity Diagnostics
(ATD), a Fayetteville-based startup in the clinical toxicology space. While the company was founded
prior to her ARA Fellows award, Dr. James credits ARA for its support and guidance in her entrepre-
neurial journey. In a state with few resources for early-stage science- and technology-driven ventures,
ARA has been “extremely helpful in improving the entrepreneurial climate,” said Dr. James. She cites
the important and invaluable “intangibles” of ARA including its guidance regarding the inevitability of
dealing with failure in a high-risk endeavor and the challenges of tech commercialization, as well as its
success in providing a highly accessible community providing encouragement and support.

Dr. Alan Mantooth, featured in the callout below, has been affiliated with four companies in the power
electronics space, three of which are currently active and operating in Fayetteville today.
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Dr. Alan Mantooth and the UA Power Group: An ARA Fellow Driving Major
Economic Impacts in Power Electronics Innovation as a Global Leader

Dr. Alan Mantooth serves as a Distinguished Professor and the Twenty-First Century Research Leadership
Chair in Engineering within the Department of Electrical Engineering at the University of Arkansas and

has worked for two decades to establish the University and its Power Group as world leaders in power
electronics innovation. Dr. Mantooth has advanced the Power Group and its innovation prowess and
significant economic impacts through several avenues—as an electrical engineering professor, educator,
and researcher; as a founder, co-founder, and advisor to several companies; as Executive Director of several
federally-funded Centers of Excellence; and recently in establishing a national facility leveraging UA’s global
expertise in advancing semiconductor fabrication. Dr. Mantooth was recognized and funded as an ARA
Fellow in 2014, among the many honors and recognitions he has received during his career as an engineer in
industry as well as an academic. Dr. Mantooth hails from Arkansas and earned both his BS and MS degrees
in electrical engineering from the University of Arkansas.

Dr. Mantooth is generating substantial impacts for Arkansas on several fronts, including his own research
portfolio where from his induction into the ARA Academy starting in FY 2015 through FY 2023 he has been
awarded $67.4 million in sponsored research funding with the vast majority and largest components from the
federal government (91%) but also with a significant tranche from industry sponsorship totaling $3.6 million.

To date, Dr. Mantooth has founded, co-founded, and advised many different startup companies, three of
which are currently active and operating in Arkansas:

Arkansas Power Electronics International located in Fayetteville at the UA Research Park and
established in the early 2000s, the company has focused on advanced electronics packaging and silicon
carbide innovation. It has employed many of Dr. Mantooth'’s students and was sold to Cree in 2015 as

a successful exit. Now doing business as Wolfspeed, the company remains in Fayetteville and today
employs 75 including 50 PhDs earning high wages.

Lynguent, established in 2003 and headquartered in Oregon, the company is no longer in business.

Ozark Integrated Circuits (Ozark IC) was co-founded by Dr. Mantooth and also established at

the UA Research Park in Fayetteville, the company develops electronics designed to operate in
“rugged” environments including for the aerospace, energy, space, and other industrial sectors and
environments. The company remains active today with about 25 employees and is currently headed by
Matt Francis, a former student of Dr. Mantooth.

Bestazo, established in 2020 by Dr. Mantooth and three UA professor colleagues as a virtual software
business, is focused on cybersecurity solutions for the electrical system and expecting an initial product
offering this year. The company is licensing technology from UA for royalties. In addition to the professors,
the company is employing several former students and expecting to hire additional employees.

At the same time, Dr. Mantooth has been instrumental in establishing several federally-funded Centers of
Excellence and associated facilities and infrastructure under the UA Power Group umbrella, including:

Grid-connected Advanced Power Electronic Systems (GRAPES)

The High-Density Electronics Center (HiDEC)

The Center for Power Optimization of Electro-Thermal Systems (POETS)
Cybersecurity Center for Secure Evolvable Energy Delivery Systems (SEEDS)
The National Center for Reliable Electric Power Transmission (NCREPT)
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The Centers have acted as a key mechanism for training and talent connections with industry as well as
extensive direct engagement with numerous large and leading companies who function as members

of the consortia. Dr. Mantooth and the UA Power Group have had extensive interactions on innovation
challenges and solutions and collaborative agreements with national and global companies such as
Caterpillar, Eaton, Sandia, Honeywell, John Deere, Toyota, Ford, TSMC (Taiwanese semiconductor company,
the world'’s largest), and more.

In Arkansas, Dr. Mantooth and the UA Power Group have had partnerships and sponsored research
engagements with several electric power and utility companies, including AECC, Southwest Power Pool,
American Electric Power, and OG&E. These engagements have led also to placing students in full time
jobs following graduation, with approximately 30 to 40 students placed into regional utility companies in
and across Arkansas.

Among the many exciting innovations driven by Dr. Mantooth and the UA Power Group, one of the most
recent developments is likely to have perhaps the greatest impacts. In 2020-21, the UA Power Group was
awarded nearly $19 million from the NSF and $5.4 million from the Army Research Laboratory to establish
the Multi-User Silicon Carbide Research and Fabrication Facility (MUSIC) to address several needs and
challenges as well as gaps in the current capacity and capability within the U.S. to lead in commercializing
silicon carbide semiconductors.

The new “fab” facility is a first of its kind, enabling U of A to fill a void both nationally and globally for lower
volume manufacturing runs with a unique semiconductor material able to address high-temperature
applications (for example in hybrid electric bulldozers and airplanes). In a recent article describing the
facility™, the University notes several key functions, roles, and applications for the new facility, including:

Training students and producing the next generation of well-trained leaders in the semiconductor
community.

Attracting leading faculty to the U of A.

Attracting new industry to Arkansas.

Producing new technology that becomes a source for startup companies.

Serving as a bridge between traditional university research and high-volume manufacturing of SiC
circuits, thus filling a vital gap in U.S. semiconductor manufacturing for universities, national labs and
businesses of all sizes that need low-volume prototyping.

Dr. Mantooth expects the Fab to attract companies to Arkansas to be in close proximity to the facility as
well as supply chain impacts related to key equipment. In an interview, Dr. Mantooth notes “Fabs are like
magnets, they attract [companies].”

Dr. Mantooth recognizes the value of ARA in recruiting new and supporting existing faculty and cites the
ARA Fellows award as a key resource specifically for securing a patent that helped start a new company. He
is a prime example of how ARA supports and recognizes not only its 5-star recruits from beyond Arkansas,
but the importance of retaining the state’'s homegrown talent and highly impactful academic researchers
within the state today.

12 University of Arkansas News, “Mantooth Presents New MUSIC Facility to Arkansas Legislative Council,” April 21, 2022.
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Industry-Sponsored R&D Projects

Supporting Arkansas-Based Corporate Innovation:
ARA Fellow Dr. Min Zou Partners with Hytrol Conveyor
Company to Solve Innovation Challenges

Hytrol Conveyor Company, based in Jonesboro since 1962, is a global leader in designing and manufacturing
material handling systems for a wide range of industries from healthcare to food to consumer goods. The
company has long had an innovation mindset and approach to advancing its products and market solutions,
which has helped it to grow to more than 1,600 employees today.” At the same time, it proudly reinvests

in its facilities and local communities. As it faced a recent innovation challenge, the company'’s leadership
likewise turned to local Arkansas talent and expertise for solutions.

Belt conveyors, along with other types, have seen an explosion in demand in recent years due to the
significant demand from e-commerce. This multi-billion dollar market is critical to Hytrol, but all conveyors
have costly problems, namely, they waste a massive amount of energy due to friction and they are
especially loud, with facility operators demanding quieter work environments for their employees. The
energy consumption is significant, with high sliding friction between the belts and the slider bed materials
responsible for more than half of the energy lost in a flat conveyor system. Not only is this costly from

a business perspective, but it is misaligned with the company'’s focus on sustainability with respect to

so much wasted energy consumption. There is an industry-wide need to address these problems and
challenges, and by doing so, Hytrol could be positioned on the leading edge.

To solve these challenges, Hytrol's leadership turned to Dr. Min Zou, a professor of mechanical engineering
at the University of Arkansas and an ARA Fellow who holds the Twenty-First Century Chair of Materials,
Manufacturing, and Integrated Systems, and her team for assistance. Dr. Zou is an international expert in
surface engineering and tribology—"the study of the science and technology of interacting surfaces in
relative motion and encompasses the study and application of friction, wear, lubrication and related design
aspects.”™ Dr. Zou's research has focused on nanoscale materials and manufacturing applications, and

she has designed, refined, and tested solid lubricant coatings for many applications. These coatings are
typically thinner, environmentally superior, and more durable compared to traditional petroleum-based
lubricants. Dr. Zou's technology represents a patented bonding approach in which graphite coatings adhere
to substrate material.

ARA facilitated an introduction to Dr. Zou and an industry-university R&D team was formed, partnering
Hytrol's Product Innovation and Chief Engineering leads with Dr. Zou and her research team at UA, along
with researchers at Arkansas State University. The team was successful in securing a National Science
Foundation grant in 2022 totaling $550,000 to develop low-friction, graphite-lubricant coatings for Hytrol's
industrial conveyor systems aimed at substantially reducing energy consumption and equipment failure.

At the same time, the project and grant funding will allow for other positive impacts for Arkansas, namely
developing student talent and advancing other potential innovative applications for the technology. The
research team and grant support a doctoral student at the U of A (serving as an entrepreneurial lead), a
master’s student at A-State, and undergraduate student researchers from underrepresented groups.

The multi-year joint project is underway with initial deliverables expected in the next year. The project has
13 Corporate employment sourced from Hytrol Conveyor Company website: https://hytrol.com/company/about/.
14 Drawn, in part, from University of Arkansas, “Research to Develop Solid Lubricant Coatings for Conveyor Systems,” May 4,

2022.
15 Machinery Lubrication, see: https://www.machinerylubrication.com/tribology-31340.
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been undertaken in the spirit of Hytrol's culture of investing in local communities and U.S. jobs, rather than
offshoring production to other countries as its competitors have done. At the same time, the project should
yield sustainability benefits, important to the company and increasingly to its younger employees in particular.

“This partnership allows us to investigate a novel solution that benefits the industry from a noise and
energy consumption perspective, allows us to work with potential future employees (students), and
drives advancements within our industry’s sustainability efforts. These factors continue Hytrol’s role
as an industry leader.”

-Ty Keller, Former Product Innovation Manager, Hytrol Conveyor Company

Translational Research & Tech Commercialization

A strong foundation in academic research is vital to initiating and propelling innovation in a state
economy. However, research activity and spending in and of itself does not lead to broad-based or
significant economic growth and development. Rather it is the translation of market-driven research
activity into commercially viable products or technological processes that ultimately lead to job creation
and economic gains. How well universities and individual research faculty can successfully navigate and
execute the translation and commercialization process is of importance for reaping the economic and
societal benefits of innovative research and development. Key steps and outcomes in this commmercial-
ization process can include protecting intellectual property (IP) by patenting inventions and licensing
university-developed technologies to startups or existing companies. So, university technology transfer
programs and resources are especially important, in combination with a robust entrepreneurial eco-
system throughout the state to enable Academy members to realize the full commercial and societal
benefits of their research.

Many ARA Academy members have a strong orientation toward commercializing their research. Among
the Scholars and Fellows, there is a substantial volume of science- and technology-based startups.
Additionally, there is a focus on technology licensing and intellectual property (IP) generation. With
respect to IP, ARA Academy members are especially productive when it comes to patenting, gener-
ating 0.46 patents per $1 million in research funding, a level well above their peers both in Arkansas
and among all U.S. research universities (Table 5).

Just some examples of technology commercialization activities and outcomes among Academy
members include:

« Dr. Min Zou, professor of mechanical engineering at the University of Arkansas and an ARA Fellow
has in place three technology licenses based on technology emerging from her lab and associated
with at least two companies operating in Arkansas today—SurfTec, based in the Arkansas Research
and Technology Park and WattGlass (acquired by Pellucere Technologies, Inc.).

« Dr. Edward Yeh, ARA Scholar recently recruited into UAMS, is advancing an NIH-funded clinical
trial at UAMS based on research begun at his former institutions, MD Anderson Cancer Center and
the University of Missouri. His unique research area of onco-cardiology has resulted in a promising
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therapeutic candidate to treat heart complications related to cancer treatments. His NIH grant
related to this research is for 3 years and $5 million.

« Dr. Peter Crooks, ARA Scholar with UAMS, is close to being awarded his 100th issued patent over his
career.

Table 5. Patents Issued per $1M in Research Funding, ARA Academy Members vs. AR and U.S. Peers,

2011-2021
PATENTS PER $1M OF RESEARCH FUNDING
ARA Academy Members .46
All Arkansas Research Universities .15
All U.S. Research Universities .10

Source: TEConomy Partners’ analysis of Arkansas university-provided patent data for ARA Academy Members; Derwent Innovations
Data; AUTM.

Sustaining Arkansas’ Agriculture Industry:
The Contributions of Three ARA Fellows

As one of the largest industries in Arkansas, agriculture is of paramount importance to the Arkansas
economy. The agricultural sector generates billions of dollars in revenue each year and provides
employment opportunities to a substantial portion of the state’s population. Sustaining productivity and
output increases in agriculture is a constant challenge given the unique characteristics of the industry and
its operational environment. The sector comprises nearly 50,000 small and midsize businesses that must
operate in a uniquely variable and challenging production environment. For the agriculture sector to remain
competitive, Arkansas' producers must be equipped with the knowledge, skills, tools, and inputs required to
produce quality products at competitive prices in a changing environment. The industry, perhaps more than
any other industry, requires specialized local research to remain competitive—research that the Arkansas
Research Alliance is helping to support.

Agriculture in Arkansas is driven, in part, by rice production. Arkansas is the leading producer and processor
of rice in the nation. In 2022, Arkansas farmers grew nearly half of all the rice produced in the U.S.—1.1 million
acres of production, resulting in more than 8 billion pounds of the crop, valued at $1.374 billion.”® Rice is

the state's second highest-value commmodity, its top agricultural export, and accounts for approximately
25,000 jobs that are crucial to rural communities.”” However, this critical industry is being threatened by
climate change that is causing rising night-time temperatures that are hazardous to rice crops and which
cause lower yields. Dr. Argelia Lorence, Professor of Metabolic Engineering, Co-Lead of the Plant Imaging
Consortium, and Director of the Plant High-Throughput Phenotyping Facility at Arkansas State University

is a 2015 ARA Fellow. Dr. Lorence’s research focuses on equipping farmers with the latest tools and
technologies to maximize their yields and adapt to changing growing conditions.

16 https://www.nass.usda.gov/Quick_Stats/Ag_Overview/stateOverview.php?state=ARKANSAS
17 https:/Mww.arfo.com/pages/arkansas-agriculture/commodity-corner/rice/
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As a result of Dr. Lorence’s efforts, the Wheat and Rice Center for Heat Resilience (WRCHR) was created
through a $6 million NSF EPSCoR grant forming a collaboration between Arkansas State University, the
University of Nebraska-Lincoln, and Kansas State University. WRCHR is developing the foundational
knowledge needed to improve wheat and rice yields under stressful environments. To ensure global food
security, there is an urgent need to improve crop resilience in cases of high night temperature stress-induced
yield and quality losses. The research aims to elucidate the physiological and genetic basis of high night
temperature resiliency of rice and wheat, translate these discoveries into genetic and phenotypic markers for
public and private breeding programs, and develop a broad continuum of educational opportunities.

In the coming decades, farmers in Arkansas and elsewhere may see not only a rise in temperatures but also
more drought, outbreaks of plant diseases, and changes in the salt content of their soil. Each of these factors
can decrease the quality and quantity of rice that farmers can produce. Overcoming these stresses is critical
for Arkansas' economy. Dr. Lorence and her research team are collaborating with RiceTec, Inc., a producer

of rice seeds, that has experimental fields in Harrisburg, Arkansas. Through this public/private partnership,
RiceTec is covering the costs of growing the rice trials and in exchange, the scientists included some rice
plants produced by RiceTec in their study as well as participated in Field Days where producers from all over
the state can come to learn more about the research and the opportunity to deploy its findings into practice.

Dr. Lorence was recently featured as part of a broad-based New York Times investigation into the future of
rice globally, as it faces these challenges and gets “reimagined”.’®

“l am convinced that decades from now, farmers are going to need very different kinds of seeds.”
-Dr. Argelia Lorence, interviewed by the New York Times

Complimenting the work of Dr. Lorenc