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Executive Summary




Project Objective and Approach

Objective: Develop a forward-looking and market-driven situational assessment scan of Data Sciences in
Hampton Roads that can be used by regional economic development stakeholders to advance talent
development, applied research, entrepreneurship, and broader collaborative innovation initiatives.

* Underpinning the project approach is an understanding that applications of data science to specific industries
and markets, which leverage industry and university/federal lab activities and competencies found within a
region, is a key means for identifying and advancing regional growth opportunities.

* Three key steps for project effort:

Strategic
Identify likely data
sciences innovation
and application
growth opportunities
for the region &
high-impact potential
programmatic
initiatives

Asset/Preparedness
Assessment:

Assess the
industry-facing core
research and talent

competencies at
research universities
and federal labs in
the region

Demand Assessment:

Examine the region’s
market pull for data
science deployment,
and innovations by
industry
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The “Story Line” for Hampton Roads Data Sciences Pathway:

Summary of Key Findings and Recommendations
N\

Data science applications and innovation activities are ramping up in Hampton Roads - job gains in data science-related occupations stand out
in the region, with increasing awareness from regional stakeholders

Federal civilian and military activities are by far the largest data science employer in region, while job openings are led by the region’s
Defense Contractors and Healthcare Organizations

Talent generation is growing, but lags state and national trends and is not sufficient to meet demand in more technical and advanced
areas of data sciences

Emerging base of research activities in the region with significant enhancements and planned investments underway that can
position the region nationally if coordinated across the region’s research institutions to reach scale

[

Expanding and unique Digital Infrastructure in the region is resulting in a ramp-up of data operations centers and supports through the
regional fiber ring the future growth of Data Science activities across the region, such as for Health Disparities and Coastal Resilience

Industry engagement and deployment in Data Sciences activities is uneven with few broad-based industry collaborations, need for stronger
connections to growing academic programs, and concerns on depth of industry deployment
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Emerging Data Sciences Innovation Ecosystem in Hampton Roads

Innovation Ecosystem Element

Basic Research

Applied Research
& Translation

Talent Generation

Innovation

Industry

Competitiveness
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Leading Regional Assets

Highlights of Regional Position

R h
('esear.c. Federal Labs
Universities

ODU, W&M NASA, JLab

Emerging with existing but small research base
and many planned enhancements

New Joint Institute with Jlab-ODU advancing

VMASC HRBRC
(Defense) (Population Health)
Planned Jlab National User Real-Time

Supercomputing Facility

Established strengths in systems engineering with
VMASC

Emerging efforts in population health at HRBRC
Base of SBIR companies

W o M
OLDDOMlNlONW I\/l R s

UNIVERSITY

NORFOLK STATE UNIVERSITY.

Growing academic programs, but lagging state and
U.S. trends

Business Analytics largest area and well-aligned
with industry demand

Advanced Computing fields falling short of demand

o D S I P Defense SBIR/STTR
¥ Innovation Portal
Proposal Submissions

75)

ACCELERATE
Pove

£Rz0 B (D TOWNEBANK

VC activity in a very small cohort of successful
companies — but limited pipeline

Robust base of SBIR companies largely focused on
defense applications

Region’s
Defense
Contractors
& Military : - ;
Bases Regional Fiber Ring

Region’s Digital
Infrastructure
Int’l Undersea Cables +

Port of
Virginia

Region transforming into a leading Internet
Hub involving a wide-array of Data Center
operations

Limited industry collaborations and
networking activities in data sciences

Concerns that industry application more
towards data analysis than data sciences




Strategic Implications

Strategic Context:

Hampton Roads emergence in data sciences is
demand-driven across specific industries, with a focus
on defense operations, shipbuilding and off-shore
wind, healthcare and health disparities, port
operations and logistics, cybersecurity and climate and
environmental resilience

The region has emerging Data Sciences assets and
capacities, which has the potential to offer unique
capabilities for the region to gain national recognition

But the key weakness is in Data Sciences talent
generation — with lagging growth of data
sciences-related degrees and need to bolster more
technical advanced computing data sciences degrees
with a mix of degree levels

Missing ingredient for success is industry liaison and
partnership development activities to create a high
functioning data sciences ecosystem involving
industry, universities, federal labs and broader
economic development stakeholders

@ TECC

Lead Initiative for
Data Sciences
Growth and
Competitiveness in
Hampton Roads:
Establish a
Hampton Roads
Data Sciences

Collaborative

Specific Strategic Priorities for Advancing Data
Sciences in Hampton Roads include:

* Talent: Enhancing academic programming in data
sciences that embraces strong project-based
learning and regional talent retention components

* Basic Research: Seek to Establish
Multi-Institutional Data Sciences Research Centers
of Excellence in Hampton Roads in Application
Areas Relating to Leading Industry Clusters

* Applied Research: Advance Corporate Innovation
and Talent Centers Focused on Data Sciences in the
Region

* Innovation: Promote Data Sciences Innovation
and Entrepreneurial Development & Growth in the
Region

* Industry Competitive Position: Promote Regional
Networking and Deployment of Data Sciences in
Leading Industry Clusters




Summary of Strategic Action Plan

Establish a Hampton Roads Data Sciences Talent Institute
¢ Collaboration of ODU, W&M, Norfolk State and CNU
* Shared access to courses

* Shared industry liaison staff from HR D/S Collaborative for
industry project-based learning and mentors

* Data Sciences Internship and Graduate Fellowship Program

Promote Regional Networking and
Deployment of Data Sciences

* Target networking and programming
in data sciences for leading industry
clusters

* Support peer-driven networking
events around data sciences including
meetup groups, incumbent worker Industry
short courses and technical seminars

Establish a Data Sciences Industry Competlve-
Deployment Pilot Initiative for Supply ness
Chain and Logistics Applications to
small and mid-sized enterprises
(SMEs) with matching grants for
planning and accessing consultants

Promote Data Sciences Innovation &
Entrepreneurial Development

* Create a cohort of data sciences startups
via targeted programming in coordination
with 757 Accelerate

* Advance a data sciences economic
gardening initiative to serve “second
stage” SBIR and emerging venture backed
companies with access to growth services
include market and product development,
mentoring and revolving loan fund
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Industry
Liaison &
Networking

Industry-
University
Partnership
Development

Collaborative
Programmingin
Talent, R&D and

Innovation

Applied

Research

Basic
Research

Create an “umbrella” Multi-Institutional Data

Sciences Center of Excellence focused on

applications relating to lead industry clusters

* Collaboration of Jlab, NASA Langley, ODU, W&M,
Norfolk State and CNU

* Create multi-institutional faculty fellows in data
sciences to collaborate on project-based research
topics

* Provide access to pilot grants to help compete for
larger federal research funding

Identify and advance opportunities for the development

of corporate innovation centers focused on Data Sciences

& Advanced Computing with major corporations

operating in the region

* Collaboration of Jlab, NASA Langley, ODU, W&M,
Norfolk State and CNU

* Leverage Industry Partnerships function of the HR D/S
Collaborative

* Support proof-of-collaboration matching grants to
enable industry-university partnerships to be initiated

* Collaborate with leading industry cluster organizations —
HR Biomedical Research Consortium, HR Maritime
Collaborative, Coastal Virginia Center for Cyber
Innovation




Introduction and Summary of Key Findings




Data Sciences in Context: What Is It?

Data Sciences involve the bundle of technologies and applications that seek extract knowledge and meaningful
insights from the unprecedented amount of digital information or Big Data being generated from digitizing of

records, on-line transactions, social media, internet searches and extensive use of sensors and other monitoring

technologies.

Data Sciences is a multi-disciplinary
field in incorporating skills and
innovation across several paradigms

Math, Stats,
Algorithms

DATA DATA
ENGINEER ANALYST

DATA
SCIENTIST

Software B Data
engineering . communication

Data Sciences is enabled by advanced
computing technologies, such as:

Large scale data
processing/warehousing and data
fusion architectures

High performance computing
Distributed computing (cloud, edge,
etc.)

Nonlinear Process of Data
Science

Exploratory
Data
Analysis

Raw
Data
Collected

Clean

Processed Dale=st

Models &
Algorithms

Communicate
Visualize Make

Report Decisions

Reality

Data Sciences is closely related to the broad
machine-based technologies and applications of Artificial
Intelligence involving Machine Learning (ML), Natural
Language Processing (NLP), and Computer Vision, among

others.

Event forecasting and pattem
analysis have impacted nearly all
industries (e.g., finance, farming
and transportation)

Examples:

Preventative
Venhicle
Maintenance

Precision
Agriculture

Planning and Optimization

Determining

necessarystepsto  Example:

complete aseries of  Transportation

tasks can save time Planning
and money, and in Cities
improve safety

Modeling and Simulation

Modeling our physical
economical, and social world to
support the study, optimization
and testing of operations through
simulation without interfering or
interrupting ongoing processes

Examples:

COVID-19
Research

Tracking
Space Debris

Application of

Natural Language Understanding (NLU)

Machines are able to

process, analyze,

understand. and mimic Richer

human language, either ~ Human-Computer
: Interaction

spoken or written

Example:

Current
Compuiter Vision

Alin Key Areas Perceiving and Example:
learning visual tasks from
the world through Livestock
cameras and sensors Monitoring

Robolic Process Automation (RPA)

Software robotics to help
organizations automate tedious
and repetitive tasks

Example:

RPA Platforms

Source: National Security Commission on
Artificial Intelligence, Final Report, page 33




Significant and fast-growing
markets associated with Data
Sciences

*$39.8 billion market for Al-related
technologies in 2020 with an expected
39.7% annual compounded growth rate
from 2021 to 2026
Source: BCC Research, Global Al Market, 2022

*$4.7 billion market for Data Science
packaged software tools in 2020 with an
expected 33.6% annual compounded
growth rate from 2021 to 2030

Source: Applied Market Research, Global Data Science Platform Market, 2022

Data Sciences in Context: Why it Matters

Data Sciences is at the forefront of significant transformations in way people and businesses interact,
make decisions, design new products and services and manage daily life and business operations:

A general-purpose technology that is
ubiquitous in everyday life and

far-reaching across industry activities:

Significant deployment of data science in
organizations:
Statista’s survey of global organizations in 2019 found

significant use of data science and machine learning:
Type of Organization Existing Use Evaluating Use

Research and Development 70.5% 12%
Operations (mfg, supply chain) 29.5% 18%
Marketing & Sales 26.5% 21%
Finance 16% 14%

Source: Statista,
https://www.statista.com/statistics/1053561/data-science-machine-learning-deployment-

by-fu.nction[
Sizable markets and growth by key industries:

2020 Al 2021-2026
Industry Market Projected CAGR*

Retail $6.572 billion 40.5%
Finance $6.541 billion 40.0%
Manufacturing $5.797 billion 40.5%
Marketing $4.951 billion 39.9%
Healthcare $3.773 billion 40.1%

Source: BCC Research, Global Al Market, 2022

Dual use technology that will be
critical to our national security
and warfighting capabilities

The National Security Commission on
Artificial Intelligence calls it “the
quintessential dual use technology” that
represents a competitive advantage for
civilian and military purposes to perceive,
decide and act more quickly, in a more
complex environment, with more accuracy
than a human.

Cybersecurity is a specific area of dual-use that
aligns well with efforts underway in Hampton
Roads. According to BCC Research, advancements in
Al and ML are revolutionizing cybersecurity to deliver
greater accuracy and contextual intelligence

* Highest potential use of data sciences in the near
term is fraud detection, risk assessment, malware
detection and intrusion detection.

* A key potential benefit of data sciences is to allow
for automation of many cybersecurity activities.

* Long term benefit of data sciences applications
will be in addressing complex cybersecurity
threats.

Source: BCC Research, Global Al Market, 2022


https://www.statista.com/statistics/1053561/data-science-machine-learning-deployment-by-function/
https://www.statista.com/statistics/1053561/data-science-machine-learning-deployment-by-function/

Data Sciences in Context: The Application of Data Sciences Varies by
Industry Focus, Requiring Regional Specialization in Key Verticals that
Drive AppllEd Use Cases Examples of How Application Areas of Data Sciences Varies by Industry

Leading Application Areas

Defense * Situational awareness and decision-making (C4ISR)
* Digital twin models (simulation of equipment safety, performance)
* Predictive maintenance and asset service life management
While almost every industry e Streamlining business processes
has the pOtentiaI to drive Financial Services *  Virtual assistants
growth th rough the *  Business analytics and reporting
. . . e Customer behavior analysis and market research
application of Data Sciences, . _ o R
. . s » Manufacturin * Real-time equipment monitoring and predictive maintenance
eaCh IndUStry also varies In its 8 *  Material movement and traceability
applications and utilization of - Quality control
the technologies and Ski"S Of *  Production planning and digital design
the discipline Healthcare Sbitigdiscovery _ o
* Remote medicine and patient monitoring
* Medical imaging and diagnostics
* Patient data and risk analysis
Agricultu re *  Precision farming
*  Autonomous agricultural equipment
*  Remote sensing data management
Logistics . Supp.ly chain visibility and .foreca.sting
*  Routing and transport optimization
* Real-time demand modeling
’ T€C \ Sources: DoD Artificial Intelligence Strategy, 2018 for defense industry applications; BCC Research Global Artificial Intelligence,

2020-2026 for applications in financial services, manufacturing, healthcare, and agriculture industries



Project Objective and Approach

Objective: Develop a forward-looking and market-driven situational assessment scan of Data Sciences in
Hampton Roads that can be used by regional economic development stakeholders to advance talent
development, applied research, entrepreneurship, and broader collaborative innovation initiatives.

* Underpinning the project approach is an understanding that applications of data science to specific industries
and markets, which leverage industry and university/federal lab activities and competencies found within a
region, is a key means for identifying and advancing regional growth opportunities.

* Three key steps for project effort:

Strategic
Identify likely data
sciences innovation
and application
growth opportunities
for the region &
high-impact potential
programmatic
initiatives

Asset/Preparedness
Assessment:

Assess the
industry-facing core
research and talent

competencies at
research universities
and federal labs in
the region

Demand Assessment:

Examine the region’s
market pull for data
science deployment,
and innovations by
industry
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The “Story Line” for Hampton Roads Data Sciences Pathway:

Summary of Key Findings and Recommendations
N\

Data science applications and innovation activities are ramping up in Hampton Roads - job gains in data science-related occupations stand out
in the region, with increasing awareness from regional stakeholders

Federal civilian and military activities are by far the largest data science employer in region, while job openings are led by the region’s
Defense Contractors and Healthcare Organizations

Talent generation is growing, but lags state and national trends and is not sufficient to meet demand in more technical and advanced
areas of data sciences

Emerging base of research activities in the region with significant enhancements and planned investments underway that can
position the region nationally if coordinated across the region’s research institutions to reach scale

[

Expanding and unique Digital Infrastructure in the region is resulting in a ramp-up of data operations centers and supports through the
regional fiber ring the future growth of Data Science activities across the region, such as for Health Disparities and Coastal Resilience

Industry engagement and deployment in Data Sciences activities is uneven with few broad-based industry collaborations, need for stronger
connections to growing academic programs, and concerns on depth of industry deployment
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Highlights of Key Findings on Demand Drivers

Talent Demand Drivers

Leading Industry Drivers
for Data Sciences in
Hampton Roads .

Data Sciences talent is becoming critical to Hampton
Roads’ economic growth

* Healthy growth in Data Sciences-related occupations
is driving job growth in the Hampton Roads Region —
though still lagging State and U.S. levels

* Emergence of areas of specialty in the region in
leading areas of cybersecurity, marine engineering
and logistics

* Military Operations

* Shipbuilding &
Offshore Wind

*Healthcare &
Health Disparities

* Port Operations &
Logistics

e Climate & Coastal
Resilience

Demand is not limited to just one industry sector, but
spans the major industry verticals of the region

e Federal civilian and defense-related activities seem to
be the largest driver of occupational employment in
data sciences

* However, a skills-based analysis from job openings
suggests defense contractors and healthcare are
among largest demand drivers in past five years

Key skills required involve working knowledge and
ability to apply languages and toolsets involving
statistical programming, software development
languages and database operations

Industry & Entrepreneurial Innovation
Activity

Active regional base of industry innovation in data
sciences

Approximately 20% of region’s patent inventions and
venture capital funding from 2016-2021 found in
data sciences

Significant cohort of 22 SBIR companies leverage
data sciences, but highly concentrated at defense
contractors around military applications

However, areas of regional specialization in data
sciences are emerging

IP generation by regional institutions focused
around cyber security and networked systems
applications, but relatively low levels of activity
overall

VC investment activity concentrated in a very small
cohort of successful companies largely focused
around autonomous systems, drones, and robotics,
but lack of significant deal flow makes for difficult
ecosystem

y

14




Highlights of Key Findings on Region Assets and Preparedness

Regional Data Sciences Research Capacities

*A solid base, though not high share, of regional
peer-reviewed publications found in Data Sciences
across research institutions in the region, led by more
computer sciences-related fields

*ODU is leading regional research institution with both
NASA Langley and W&M active and Jlab emerging

*Emerging Research Assets: Both ODU and W&M
significantly ramping up faculty and academic programs,
while Jlab pursuing national user facility for real-time

supercomputing, plus data sciences activities underway
at both NSU and CNU

*Research themes across publications include:

*Computer sciences-related themes: modeling &
simulation, cybersecurity/trusted systems,
networking and high performance computing

*Specific regional application areas: electrical
engineering, image analysis & optics, remote sensing,
environmental science, meteorology & atmospheric
sciences, physics, biomedical and material sciences

Regional Data Sciences Talent Generation

*Emphasis of region is on undergraduate degrees related
to data sciences

*Business and financial analytics is largest focus of data
sciences talent generation found across all of the
region’s post-secondary education institutions

*Diversity in areas of focus in data-sciences related
degrees found at different post-secondary institutions in
the region

*Region falling short in data sciences talent generation —
not keeping pace with state or national growth trends and
while meeting demand in business analytics, significant
deficits in meeting demand for more technical data
sciences skills involving advanced computing




Strategic Implications




Strategic Implications

Strategic Context:

Hampton Roads emergence in data sciences is
demand-driven across specific industries, with a focus
on defense operations, shipbuilding and off-shore
wind, healthcare and health disparities, port
operations and logistics, cybersecurity and climate and
environmental resilience

The region has emerging Data Sciences assets and
capacities, which has the potential to offer unique
capabilities for the region to gain national recognition

But the key weakness is in Data Sciences talent
generation — with lagging growth of data
sciences-related degrees and need to bolster more
technical advanced computing data sciences degrees
with a mix of degree levels

Missing ingredient for success is industry liaison and
partnership development activities to create a high
functioning data sciences ecosystems involving
industry, universities, federal labs and broader
economic development stakeholders

@ TECC

Lead Initiative for
Data Sciences
Growth and
Competitiveness in
Hampton Roads:
Establish a
Hampton Roads
Data Sciences

Collaborative

Specific Strategic Priorities for Advancing Data
Sciences in Hampton Roads include:

* Talent: Enhancing academic programming in data
sciences that embraces strong project-based
learning and regional talent retention components

* Basic Research: Seek to Establish
Multi-Institutional Data Sciences Research Centers
of Excellence in Hampton Roads in Application
Areas Relating to Leading Industry Clusters

* Applied Research: Advance Corporate Innovation
and Talent Centers Focused on Data Sciences in the
Region

* Innovation: Promote Data Sciences Innovation
and Entrepreneurial Development & Growth in the
Region

* Industry Competitive Position: Promote Regional
Networking and Deployment of Data Sciences in
Leading Industry Clusters




Emerging Data Sciences Innovation Ecosystem in Hampton Roads

Innovation Ecosystem Element

Basic Research

Applied Research
& Translation

Talent Generation

Innovation

Industry

Competitiveness
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Leading Regional Assets

Highlights of Regional Position

R h
('esear.c. Federal Labs
Universities

ODU, W&M, NSU, CNU NASA, JLab

Emerging with existing but small research base
and many planned enhancements

New Joint Institute with Jlab-ODU advancing

VMASC HRBRC
(Defense) (Population Health)
Planned Jlab National User Real-Time

Supercomputing Facility

Established strengths in systems engineering with
VMASC

Emerging efforts in population health at HRBRC
Base of SBIR companies

W o M
OLDDOMlNlONW I\/l R s

NORFOLK STATE UNIVERSITY.

Growing academic programs, but lagging state and
U.S. trends

Business Analytics largest area and well-aligned
with industry demand

Advanced Computing fields falling short of demand

o D SI P Defense SBIR/STTR
f ' BP &PV innovationPortal

Proposal Submissions

75)

ACCELERATE
Pove

£Rz0 B (D TOWNEBANK

VC activity in a very small cohort of successful
companies — but limited pipeline

Robust base of SBIR companies largely focused on
defense applications

Region’s
Defense
Contractors
& Military : - ;

Bases Regional Fiber Ring

Region’s Digital
Infrastructure
Int’l Undersea Cables +

Port of
Virginia

Region transforming into a leading Internet
Hub involving a wide-array of Data Center
operations

Limited industry collaborations and
networking activities in data sciences

Concerns that industry application more
towards data analysis than data sciences




Lead Initiative: Establish a Hampton Roads Data Sciences Collaborative

Best practice for cluster development — as detailed by The Brookings Institution in Rethinking Cluster Initiatives —
points to the importance of having a tailored organized approach with specific interventions for sustaining success in
fostering the growth and development of a regional cluster.

. Specific Action Recommendations:
Rationale: * Establish a more shared leadership organizational approach for the

* Industry demand for Data Sciences is highly fragmented in Hampton Roads Data Sciences Cluster in which multiple
H ton Roads. A critical weakness identified in the organizations in the region can work together to drive the
amp : advancement of the Data Sciences ecosystem

ecosystem for Data Sciences in Hampton Roads is the lack of a | . The emphasis of the Hampton Roads Data Sciences Collaborative

strong outreach and engagement effort with local industry for should be to find collaborative points of intervention in which

talent generation/retention and apphed research multiple organizations can bring a shared vision and strategy

* As a cluster organization the Collaborative needs to have the
following capacities:

* It is critical to coordinate and align the existing and emerging

Data Sciences capacities are found across leading regional - Dedicated staffing for outreach and engagement targeted to
research universities and federal labs to yield more impact for connecting industry demand for Data Sciences talent, research
the region and development and innovation to existing and emerging
_ o . . » capacities found across research universities and federal labs
* Given that applications of Data Sciences are tied to specific use « An Industry Partnerships function should be established in
cases found within leading industry verticals, there is an collaboration with the research universities in Hampton Roads
opportunity leverage existing and emerging regional to bring the “collective” strengths of the region’s talent and

innovation activities forward

* Resources for collaborative programming to support
Regional Industry Competitiveness in Data Sciences across
talent development and retention as well as applied research
and deployment of Data Sciences around specific use cases
tied to leading industry verticals and branding/marketing the

A) TEC region

organizations linked to leading industry verticals around
common data sciences needs and opportunities




Talent Strategic Priority: Enhancing Academic Programming in Data
Sciences that Embraces Strong Project-based Learning and Regional

Talent Retention Components

Rationale:

Despite the growth of academic programs related to Data Sciences
in the region, Hampton Roads is lagging state and U.S. academic
trends and falling short of regional industry demand in areas of
advanced computing

Data Sciences academic programs advancing in the region

ODU has recently launched a Master’s Program in Data Sciences with
defined areas of concentration aligned with many leading industry verticals
and is considering efforts to create an undergraduate program, possibly in
a College of Data Sciences, and eventually a PhD program

W&M has in place an undergraduate degree in Data Sciences. It recently
received approval to begin a graduate certificate program in Data Sciences
targeted to incumbent workforce that may eventually lead to a Master’s
Program. Currently, it offers a Data Sciences track in its Applied Sciences
PhD Program

More focused efforts underway at Christopher Newport University (CNU)
with a minor in Data Sciences and Norfolk State University with a track in
its MS Computer Science program on Data Science and Machine Learning

* A shared limitation across all academic programs is lack of
industry engagement in project-based and experiential
learning activities

Specific Action Recommendations:

Establish a Hampton Roads Data Sciences Talent Institute that would be an
evolving collaboration across ODU, W&M, CNU and Norfolk State to raise the
level of academic programming in Data Sciences in the region with strong
connections to industry for project-based learning and retention activities

* Model on the efforts by the Dayton Area Graduate Studies Institute
(DAGSI), a consortium of three graduate engineering schools in the
Dayton region that integrates and leverages the combined resources of
the partnership, including faculty, facilities, equipment, and other
institutional assets

* A beginning step to build academic programming collaborations is to
allow graduate students enrolled in Data Sciences programs to have
access to masters- and doctoral-level engineering courses of study at all
three partner institutions.

* Provide access to industry liaison staff from the Regional Data Sciences
Collaborative to seek out industry engagement involving leading industry
clusters for project-based learning exercises and capstone projects

* Stand up a Data Sciences internship and fellowship program ... provide
sliding scale matching support for internships for rising seniors in Data
Sciences fields with industry (75% for SME firms and 25% for large firms)
and for Master’s/PhD students matching support of up to $10,000 for
applied research or SBIR project




Rationale:

Region offers a diverse mix of research universities and federal labs,
many with plans to augment their data sciences capabilities, and so
points to the potential for advancing research collaborations to gain
critical mass and establish a national reputation for the region.

Possibility of new national user facility at Jlab for real-time
supercomputing would create a unique signature facility for the
region in Data Sciences.

While there is a base of existing data sciences research in the region,
it is not of sufficient size to compete with larger research institutions
and regions already well-established in basic data sciences research
areas such as Al and ML.

A more viable research strategy for Hampton Roads is to focus on
advancing applications of leading regional industry clusters involved
in Data Sciences found in the region.

*  Will require leveraging and enhancing regional Data Sciences
competencies in modeling & simulation, cybersecurity, business
analytics, high performance computing, image analysis & optics,
and remote sensing, while adding new competencies of key
importance to the regions leading industry clusters involved in
Data Sciences.

Enhanced potential to leverage digital infrastructure to establish test
beds for leading data sciences applications in health disparities,
climate/coastal resilience and Port Community System

Basic Research: Seek to Establish Multi-Institutional Data Sciences
Research Centers of Excellence in Hampton Roads in Application
Areas Relating to Leading Industry Clusters

Specific Action Recommendations:

* Create an “umbrella” multi-institutional Data Sciences Center of Excellence in
Hampton Roads focused on applications relating to lead industry clusters.

* An excellent example is the recently formed Taylor Geospatial Institute at
Saint Louis University that brings together eight research institutions
across the Greater St. Louis region, with a strong partnership with the
National Geospatial-Intelligence Agency to foster research and
applications focused on use of geospatial sciences — closely aligned with
data sciences --across national security, agriculture, health and
transportation

It is establishing Faculty Fellows and Associates from across the eight research
institutions as key collaborators and is making available competitive seed grants, a
postdoctoral program and a visiting scientist program to launch specific project
areas

* A promising effort towards advancing such a multi-institutional Data Sciences
Center of Excellence is the cooperative agreement between Jlab and ODU for a
Joint Institute on Advanced Computing for Health & Climate Studies

* QOther activities to consider:

* Create multi-institutional faculty fellows in data sciences to collaborate
on project-based research topics such as health disparities, coastal
resiliency, Port Community System, Shipbuilding 4.0

* Provide access to pilot grants to help compete for larger federal research
funding




Applied Research: Advance Corporate Innovation and Talent
Centers Focused on Data Sciences in the Region

Specific Action Recommendations:

Rationale: * ldentify and advance opportunities for the development of corporate
innovation centers focused around Data Sciences with major corporations
Among the largest demand drivers for Data Sciences talent and operating in the region.
innovations in Hampton Roads is a “who’s who” of major organizations, Proof-of-Collaboration matching grant initiative should be
including: established to enable industry-university partnerships to be initiated
* Huntington Ingalls Industries, Booz Allen, Sentara, Anthem, General on a small scale to demonstrate the value proposition for each
Dynamics, Assurance and many others corporation. These matching grants would cover space costs, student

. . . engagement and applied research activities
Across the nation, Corporate Innovation Centers are a growing 838 PP

phenomenon as a way for industry to broadly establish a multi-faceted * On the university side it is important that each participating university

partnership with a university around student internships, experiential have in place a strategic team in place to streamline administrative
learning, innovation and applied research. processes and tailor agreements to work with corporate innovation

centers
!n ?t?.ntaAGfﬁrgla;.?g}hss qver 15(1(259rp0ra"te Innovation centers, For example, at Georgia Tech a separate Office of Industry Collaboration
Including Anthem, ,» BO€INg and slemen's was established reporting to the Executive Vice President for Research to

" In Phoenix, Arizona State University has corporate innovation centers criial role in outreach, defining actiities and Streamiming adminisuative
with Amazon and Infosys . g g

hurdles.

* InSt. Louis, corporate innovation centers including Centene, Microsoft, | « Forge collaborations with regional cluster initiatives in leading industry
Express Scripts, Mastercard and Square have located at the Cortex verticals associated with data sciences in Hampton Roads, such as:
Innovation District associated with Washington University and Saint . . . .
Louis Universit Hampton Roads Blomedlcal Rgsearch Consortium focused on advancing

y population health to inform biohealth innovation

Interviews with major organizations in Hampton Roads suggests Hampton Roads Maritime Collaborative for Growth & Innovation (HRMC)

opportunities for Hampton Roads to establish similar types of corporate involving crosscutting technology needs in autonomous systems, digital

transformation and cybersecurity.
Coastal Virginia Center for Cyber Innovation focused on next-generation

cybersecurity technologies, including cyber-physical systems security, 5G and
Al, focused on the maritime, defense and transportation industries

innovation centers involving a focus on Data Sciences that is tailored to
the specific needs of individual corporations and their strategic partners




Rationale:

* Innovation needs to be a component of a sustainable
ecosystem for Data Sciences in the region over the longer
term. The ability to advance Data Sciences innovation will be
critical to retaining top talent, growing startup companies and
attracting corporate activities

* The region while not an innovation leader in Data Sciences is
demonstrating targeted strengths in innovation, including:

* Significant cohort of 22 SBIR companies leverage data
sciences, but highly concentrated at defense contractors
focused on software development for mission
operations, aircraft/aerospace simulation and testing,
cybersecurity, augmented reality and digital training
applications and geospatial and remote sensing
applications

* VCinvestment activity concentrated in a very small
cohort of successful emerging companies largely focused
around autonomous systems, drones, and robotics, but
lack of significant deal flow makes for difficult ecosystem

* Similar to advancing applied research in data sciences,
leverage digital infrastructure to establish test beds for
leading data sciences applications for innovation and

antranranalirial dovelanmaoant

Innovation: Promote Data Sciences Innovation and
Entrepreneurial Development & Growth in Hampton Roads

Specific Action Recommendations:

* Create a cohort of data sciences startups via targeted programming in
coordination 757 Accelerate. This can include engaging data sciences
professionals in the region in a series of entrepreneurial development
activities, including networking activities, such as meetup groups, ideation
and entrepreneurial preparation services with Virginia SBDC’s Innovation
Commercialization Assistance Services pre-commercialization and a
dedicated accelerator cohort or even a venture digital studio with national
groups such as High Alpha Innovation

* Advance a Data Sciences Economic Gardening initiative to serve
“second-stage” SBIR and emerging venture backed companies with access
to growth services.

* “Economic Gardening” programs target second stage growth
companies that typically have between 10 to 99 employees and
between $1 million and $50 million in revenue. The Edward Lowe
Foundation’s National Center for Economic Gardening finds that 40%
of net job creation comes from these second-stage companies
nationally

* Key growth services to these firms can include market research,
marketing assistance, and mentorship for launching a new product
offering or expanding your customer base

* Of particular value for second stage companies that do not have
access to formal venture capital, especially SBIR companies, would be
establishing a Data Sciences Growth Targeted Revolving Loan Fund for
non-receivable mezzanine financing to support new product and
market launches for these second stage companies




Industry Competitiveness: Promote Regional Networking and
Deployment of Data Sciences in Leading Industry Clusters

Specific Action Recommendations:

* The Hampton Roads Data Sciences Collaborative needs to promote strong
programming and networking activities among the region’s leading

Rationale: ; cowor . :

industry clusters actively involved in Data Sciences
Based on d|scu§5|on§ ‘.Nlth Stak.ehOIders' two key ¢ These programming and networking activities should be done in
concerns were identified pointing to the unevenness and collaboration with existing industry cluster organizations in the region
growmg silos of data sciences development across * Activities can include peer-driven networking events, meetup groups
industry: on key Data Sciences topics, incumbent worker short courses and

technical seminars, etc.

* Establish a Data Sciences Industry Deployment Pilot for Supply-Chain and
Logistics Applications to Small and Mid-Sized Enterprises (SMEs) in

* Leading industry clusters involved in data sciences not
well-organized to advance interests in data sciences

needs and opportunities Transportation/Distribution and Manufacturing Industries

¢ Concer:ns that mdUSt.ry appl_lcatlon more towards_data * Provide matching grants of up to $5,000 for Data Sciences supply
analysis than data sciences in many industry verticals, chain and logistics solutions for Transportation/Distribution and
including healthcare and supply chain/logistics Manufacturing SMEs in Hampton Roads to retain qualified third-party

consultants to develop a Data Sciences deployment plan involving
adoption and integration of hardware, sensors, data infrastructure,
software and staff hiring and training needs.

* Connecticut has been advancing a similar initiative under its
Manufacturing Innovation Fund that also provides an addition
$15,000 of matching funds for hardware, sensors and software
acquisition.




Summary of Strategic Action Plan

Establish a Hampton Roads Data Sciences Talent Institute
¢ Collaboration of ODU, W&M, Norfolk State and CNU
* Shared access to courses

* Shared industry liaison staff from HR D/S Collaborative for
industry project-based learning and mentors

* Data Sciences Internship and Graduate Fellowship Program

Promote Regional Networking and
Deployment of Data Sciences

* Target networking and programming
in data sciences for leading industry
clusters

* Support peer-driven networking
events around data sciences including
meetup groups, incumbent worker Industry
short courses and technical seminars

Establish a Data Sciences Industry Competlve-
Deployment Pilot Initiative for Supply ness
Chain and Logistics Applications to
small and mid-sized enterprises
(SMEs) with matching grants for
planning and accessing consultants

Promote Data Sciences Innovation &
Entrepreneurial Development

* Create a cohort of data sciences startups
via targeted programming in coordination
with 757 Accelerate

* Advance a data sciences economic
gardening initiative to serve “second
stage” SBIR and emerging venture backed
companies with access to growth services
include market and product development,
mentoring and revolving loan fund

i‘ TECONOMY
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Industry
Liaison &
Networking

Industry-
University
Partnership
Development

Collaborative
Programmingin
Talent, R&D and

Innovation

Applied

Research

Basic
Research

Create an “umbrella” Multi-Institutional Data

Sciences Center of Excellence focused on

applications relating to lead industry clusters

* Collaboration of Jlab, NASA Langley, ODU, W&M,
Norfolk State and CNU

* Create multi-institutional faculty fellows in data
sciences to collaborate on project-based research
topics

* Provide access to pilot grants to help compete for
larger federal research funding

Identify and advance opportunities for the development

of corporate innovation centers focused on Data Sciences

& Advanced Computing with major corporations

operating in the region

* Collaboration of Jlab, NASA Langley, ODU, W&M,
Norfolk State and CNU

* Leverage Industry Partnerships function of the HR D/S
Collaborative

* Support proof-of-collaboration matching grants to
enable industry-university partnerships to be initiated

* Collaborate with leading industry cluster organizations —
HR Biomedical Research Consortium, HR Maritime
Collaborative, Coastal Virginia Center for Cyber
Innovation




Appendix on Demand Analysis




Skilled Talent as a Key Driver of Data Science Applications &
Industry Growth

Total 2021
Data Sciences Role in Enabling Data Sciences Examples of Detailed Employment in

Workforce Segment Applications Occupations in Segment Hampton Roads
Region

Generating and maintaining a skilled

" q : Support business and administrative processes Financial analysts,
talent base l’epresents one Of the key BUSIneASnSa?L :cr;anaal using analytics, typically using business intelligence Logisticians, Market Research 14,212
competitive advantages that enables ' ol statistis capbiies Analysts
long term success in industries that Design, build, and operate computer hardware and  Computer hardware
. o o Computer Hardware & networking architecture that enables capacity to engineers, Network
Ieverage appllcat'ons Of data science Networking build and deploy data sciences applications administrators, Information >/660
. . (connectivity, speed, processing power, etc.) security analysts
* Data science workforce consists of both
. Create and deploy software applications which
Ssu bJ ect m atte r expe rts Wh 04 dva nce e o leverage data science processes or provide Software developers, 8,041
. . . value-added data for use in downstream Programmers
fundamental data sciences innovation applications
. . . Manage the integration of computing hardware
and app||cat|ons as WE” asS OCCU pat|0ns and software to support holistic digital solutions Computer & information
. Digital Svst which both contain embedded data sciences ~ research scientists, Computer 12455
Wh 0] Ieve ra ge d ata sciences as a pa rt Of 'gital systems capabilities (e.g. sensing and automation systems analysts, Database Z
.. . components) as well as digital storage and administrators
t h eilr JO b fu ] Ct| ons information retrieval infrastructure
. . . . . Create and deploy algorithms, models, and other Data scientists, Economists,
* By its nature, Data Sciences talent is Modeling & AnalVHICS 4,12 science tools to support industry applications Statisticians 1,570
cross-disciplinary and involves a broad
H . . : Engineering disciplines that are especially likely to Aerospace engineers,
ra nge Of occu pat lons .Eng.lneers with High use data sciences approaches and technologies as Electrical/electronic
Likelihood to have Data o . . . 4,307
. a part of designing and testing systems (usually engineers, Industrial
Sciences Focus heavily leveraging digital capabilities) engineers

A_— T€C P \ All other engineering disciplines who increasingly Mechanical engineers
\ /1 \ . o ’
l Mol alatics, All Other Engineers Ievera.ge dat? sciences capabilities as a.p?rt of Chemical engineers 9,272
i R S i € supporting their work but whose roles still include . . ! ’
significant non-digital physical sciences work Materials engineers




More Details on Demand Assessment for Data Sciences in the
Hampton Roads Region

Cross-cutting Industry Nature of Data Sciences Requires a

“Talent Demand” View to Guide the Demand Assessment WHAT A GOOD
. o . . . \ Ve \ T i . C f S i€ .-""-,'
- The emerging, multi-industry nature of data sciences makes it hard to | ol clailii S,
identify its impact on specific industries within a region Cg(T)UK?LI{-IIE Can wiite and
derstand cod
* Data sciences is becoming highly ubiquitous and integrated across nearly ::d .erﬂie??ocgfv,ﬁ]
all industry verticals, but at the same time its applications are very data storage
context-specific systems

* The computational tools used in data science are becoming increasingly
accessible and inexpensive, making talent that can leverage these tools a

key driver of competitive advantage for industries Data Scientist
* The best way to view industry demand for Data Sciences is through a ®
workforce demand analysis that then maps to specific industries Canciedle Moden Can think cilic oy
and understand and present to non-
* The best way to view industry demand for Data Sciences is through a GRalys; eXporl aUdiences
workforce demand analysis that then maps to specific industries
using 2 perspectives: Business &
&P P Econ, Stats, & Math Subject Motter
* An occupational view using traditional, standardized occupations that Expertise

are closely aligned with Data Sciences — enables easier comparisons to
State and Nation

* A skills-based view using job openings that require specific skills related
to Data Sciences — can tie to more specific employers in region and
examine specific skills in demand

i" TECONOMY

PARTNERS LLC




Trends in Hampton Roads’ Data Sciences Workforce

Data Sciences driving jOb gains in Data Sciences Workforce | HR Region H;z:’gti:n Sp:;g:;z:iton
Hampton Roads. Segment Jobs, 2021 | 5515-2021 2021
While total employment fell in the Busini\s;a?;;icr;ancia' 14212 T L
region from 2015-2021, Data Sciences
. Computer Hardware & 5 660 11% 1.13
jobs grew by 10%. Networking ' ° :
Largest growth in Computer Software Computer Software 8,041 24% 0.76
and Bus!ness & Financial Analytics - 12,455 o 0.08
occupations.

. . . Modeling & Analytics 1,570 3% 1.03
Leading Data Sciences occupational

. . Engineers with High
segments in Hampton Roads found in Likelihood to have Data 4307 0% 1.19
engineering and computer hardware Sciences Focus
& networking — well above national All Other Engineers 9,272 3% 1.70
levels of concentration in the Total, all Data
workforce. Science-related 55,517 10% 1.06
Occupations
Total, all Occupations 1,705,025 -4%

Source: TEConomy Partners’ analysis of Emsi Staffing Patterns Data, 2022.1.
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Trends in Hampton Roads’ Data Sciences Workforce

R o« e o o R . HR Region
Data Sciences drIVIng jOb gains In Data Sciences Workforce Growth, VA Growth, | US Growth,

Hampton Roads. While total 20152021 | 2015-2021 | 2015-2021
employment fell in the region from

Segment

Business & Financial

2015-2021, Data Sciences jobs grew by Analytics 1% 1% 2%
10%. Computer Harfjware & 11% 11% 239%
Networking

Still, Hampton Roads below gains in Cematicr SafivEn 24% 20% 21%
Data Sciences jobs at State and
National level. Digital Systems 5% 5% 15%
Leading Data Sciences occupational Modeling & Analytics 3% 6% 14%
segments in Hampton Roads found in Engineers with High

. . Likelihood to have Data 0% 1% 5%
engineering and computer harfiware Stiences Focus
& networking — well above national e . » o

levels of concentration in the
Total, all Data

workforce. Science-related 10% 13% 15%
Occupations

Total, all Occupations -4% 1% 1%

Source: TEConomy Partners’ analysis of Emsi Staffing Patterns Data, 2022.1.




Still Hampton Roads Gains in Data Sciences Workforce Lagging
Growth in State and Nation

Data Sciences-related Occupational
p dsi Sci lated O . I Growth by Detailed Segments:
Broad Trends in Data Sciences-related Occupationa : :
—L Comgarlng Reglon, State & U.S.
Growth: Comparing Region, State and U.S.
Employment Growth Trend 2010- Employment Growth Trend Employment Growth Trend : HR Region
{ - / d Data S Workf VA Growth, |US Growth,
2021, All Data Sciences Occupations 2010-2021, Computing-Related 2010-2021, Analytics-Related e c:::c:a:en:r €| Growth, 2015’_‘;021 2015"_(;021
Data Sciences Occupations Data Sciences Occupations 8 2015-2021
137.34 140 138.09 155 153.35 . . B
B Hampton Roads B Hampton Roads B Hampton Roads Business & Financial 16% 15% 24%
135 M Virginia M virginia 150 | M Virginia Analytics
s mus. 5 135 [mus g L Computer Hardware &
g S S s pN il 11% 11% 23%
;: s 't:" - ;: etworking
g g g 140
_% § f: Computer Software 24% 29% 21%
g 15 £ 125 E 13
g g g Digital Systems 5% 5% 15%
T 120 ns72| g *° u777| B 127.16
§ % s % e Modeling & Analytics 3% 6% 14%
g 115 o [
¢ g o[ 8 el Engineers with High
£ 10087 | E 110 E 115 114.24 Likelihood to have Data 0% 1% 5%
S 10 9| 2 Sciences Focus
= & 5 110
T . 3 3 All Other Engineers 3% 7% 6%
S S | 105
N ~ 100 N Total, all Data
100 o Science-related 10% 13% 15%
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 occupations
Source: TEConomy Partners’ analysis of Emsi QCEW Data, 2022.1. Total’ all 0ccupations 4% 1% 1%

PARTNERS LLC
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Still Hampton Roads Gains in Data Sciences Workforce Lagging
Growth in State and Nation

Employment Growth Trend Employment Growth Trend Employment Growth Trend

2010 2021, All Data Sciences 2010-2021, 2010 2021, Analytics-Related
Occupatlons Computing- -Related Data Data Sciences Occupations
Sciences Occupations
137.34 140 138.09 155 153.35
B Hampton Roads / B Hampton Roads /,/ B Hampton Roads /
M Virginia ~ M Virginia / M Virginia
5 135 g U.S. / ™~ & 13 |mbE, //\/ 5 10 mUS. /
o / o o /
S // = v S 1ss y
n 130 / n 20 / n
/ // 140 y ,/
/ 125 / /
125 // / 135 7
.// // 130 //
120 3 118.72 120 // P / 127.16

115
115

110 115

110
110
105

105
105

Indexed Employment Growth Trend (2010 employment
Indexed Employment Growth Trend (2010 employment
Indexed Employment Growth Trend (2010 employment

100

100 100

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Source: TEConomy Partners’ analysis of Emsi QCEW Data, 2022.1.
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Emergence Of Data 30 Business & Financial Analytics |
SCie nces Occ u pat i ons is Computer Hardware & Networking spec:\:l?zrg::levsc?rglipoeri:esi; rljlllir:leygion,

B Ccomputer Software

Broad Ba Sed in 20 bigieal Systeris need to better understand role of

15 Modeling & Analytics data sciences for these jobs

Hampton Roads region Engineers w/ Data Sci Focus

All Other Engineers

10 |
1 - Large regional employment footprint
Key areas Of hlgh growth 7 occupations with modest growth
d nd StrO ng SpECla I |Zat|0n o and above average specialization
. . 3 include civil, mechanical, and

fou n_d In Cy.berse.cu rltyl S ? electrical engineers as well as other
Manne E“g'neenng and g = computer o;cupations* Logisticians —specialized
Logistics occupations 8 and growing in HR region

Includes all detailed 8, \nformation Securtty

. . nalysts —specialized and
OCCUpatlonS with 100 or 5 growing in HR region

more employees in
Hampton Roads region in i
2021

2021 Employment

100
0.7 2,000
4,000
" —
Other Fomquer occ'upatlons includes o 05 >6,000
occupations with a wide range of characteristics
which do not fit into one of the detailed 0.4
computer science SOC occupations. Examples o o o o o o o o o o
can include digital forensics, GIS technologists, IT -60% -40% -20% 20% 40% 60% 80% 100% 120% 140%
project managers, etc. ] ] 2015-2021 % Change in Employment #
Large and growing base regional base of
‘, T€C \ software engineers, but not specialized

Source: TEConomy Partners’ analysis of Emsi Staffing Patterns Data, 2022.1.



Labor Market Demand Trends in Hampton Roads Data Sciences
Workforce Indicates Consistent Growth Trajectory from 2015-2021

Labor Market Churn in Hampton Roads Data Sciences Workforce

* Hiring consistently
outpacing separations,
indicating a stable regional
demand for data sciences
talent over time and
consistently (although not
rapidly) growing workforce

25,000

e 0

15,000

= Separations

—Hires
10,000

5,000

Number of Data Science Workforce Positions

0
2015 2016 2017 2018 2019 2020 2021

Source: TEConomy Partners’ analysis of Emsi Staffing Patterns Data, 2022.1.




Federal Workforce and

Defense Industries are By

Far the Leading Industry
Employing Data Science
Workforce in Hampton
Roads

Federal includes both civilian
and military workforce

Among defense-related
industries employing data
sciences workers include:

* Computer systems and
programming services

* Engineering services
* Ship building & repair
@ TECONOVY

RT ERS LLE

Leading NAICS Codes Employing Data Sciences Occupations in Hampton Roads

(includes all detailed industries with >200 data science-related jobs in 2021)

Federal Government, Civilian, Excluding Postal Service

Computer Systems Design Services

Engineering Services

Ship Building and Repairing

Federal Government, Military

Corporate, Subsidiary, and Regional Managing Offices
Custom Computer Programming Services

Local Government, Excluding Education and Hospitals

Direct Health and Medical Insurance Carriers

Research and Development in the Physical, Engineering, and
Life Sciences (except Nanotechnology and Biotechnology)
Administrative Management and General Management
Consulting Services

Data Processing, Hosting, and Related Services

Colleges, Universities, and Professional Schools (State
Government)

State Government, Excluding Education and Hospitals

Process, Physical Distribution, and Logistics Consulting

|l Business & Financial Analytics

;. Computer Hardware & Networking
|l Computer Software

|l Digital Systems

| M Modeling & Analytics

| Engineers w/ Data Sciences Focus
|l All Other Engineers

Services

Marketing Consulting Services
Temporary Help Services
Other Scientific and Technical Consulting Services

Other Computer Related Services

4K 5K 6K 7K 8K 9K 10K

o

K

[y
P

2K

w
=

2021 Employment

Source: TEConomy Partners’ analysis of Emsi Staffing Patterns Data, 2022.1.




Additional Perspective on Demand: Trends in Data Sciences Job
Postings in the Hampton Roads Region

* Job postings data allows for a skills-based
analysis of employer demand for Data

: . 800
Sciences jobs

~
o
o

* Examining skill requirements specific to
data sciences from “unique” job postings in
the Hampton Roads region from 2017 to
2021 found:

* 15,552 unique postings for jobs with
Data Sciences-related skill sets in the
Hampton Roads region over the 5-year
period

D
o
o

(9]
o
o

N w
o o
o o

IR
o
o

Unique Postings with Data Science Terms
S
o

* Job postings activity remained steady 0
over time until strong spike in activity 9 9 9 stogl 9 o o 9 9 oS § § § § o o 6§ o
) £ 3 8 £ 53 8 5 53 8¢5 538 <% 538 ¢
in late 2021 208 &>08F&=>08_88F>08g=o0 =8

Source: TEConomy analysis of job postings data from Emsi (Emsi Release 2022.1)




Leading Job Titles in Hampton Roads Data Sciences Job Postings

. Unique Postings
Posted Job Title 2017-2022

. cr . . . Business Information Developers Consultant 681

* Leading positions (job ’FltleS with e St ticre 411

at least 50 unique postlngs) Software Engineers 209

indicate the importance of A e 202

. . nvestigators 188

software engineering and Data Analysts 183

SyStemS Ma nagement IT Quality Control Analysts 113

Data Engineers 96

. . . . Epidemiologists 93

* Leading job title of Business Systems Engineers 28

Information Deve'opers Pega Lead System Architects 71

Consultant is nomenclature ot e e o

Software Developers 56

used by Anthem to describe Systems Analysts 55

. . . Business Analysts 55

Internal data mlnlng and analySt Oracle Database Administrators 53

roles Data Architects 51

Systems Administrators 45

Financial Analysts 45

Software Testers 43

Clinical Fraud Investigators 41

Advanced Analytics Consultants 40

=m 1€C Directors of Data Science 40
‘ D | 5 Source: TEConomy analysis of job postings data from Emsi (Emsi Release 2022.1)




Leading Companies

Present in Hampton

Roads Data Sciences Job

Postings

* Significant portion of regional
data sciences posting volume

originates from Anthem Blue
Cross postings for data analysts

* Significant volume also driven by
companies focused on:

* Defense contracting and
defense-related engineering
services

* Financial services

@ TECC

Unique Postings 2017-2022

Anthem Blue Cross 2,482
Booz Allen Hamilton 510
IQVIA 282
Capital One 261
CACI International 183
Dollar Tree 176
Huntington Ingalls Industries 161
Portfolio Recovery Associates 157
SAIC 147
ManTech 121
State of Virginia 111
Alion Science and Technology 107
ADP 107
Leidos 103
Applied Materials 100
General Dynamics 96
Ferguson Enterprises 95
Sentara Healthcare 89
City of Virginia Beach 78
BCD Travel 75
Imagine One Technology & Management, Ltd. 74
Lumber Liquidators 71
USAA 70

Source: TEConomy analysis of job postings data from Emsi (Emsi Release 2022.1)



. . SQL (Programming Language) 3,878 25%

Leading Skills Present

g Database Management 3,326 21%

° Data Mining 2,969 19%

I n H a m pto n Roa d S Python (Programming Language) 2,570 17%

Data Science 2,393 15%

° Machine Learning 2,390 15%

Data Sciences Job
Agile Methodology 2,040 13%

e Data Warehousing 1,885 12%

PO St I n gs Microsoft Access 1,834 12%

Java (Programming Language) 1,816 12%

Automation 1,594 10%

. . . . Information Systems 1,517 10%

|V|OSt freq uent Sk|”S 1g] JOb pOStIngS R (Programming Language) 1,496 10%
. . JavaScript (P ing L ) 1,464 9%
distributed across languages/toolsets T 1462 o
H H . Accounting 1,365 9%
I nVOIVI ng' Workflow Management 1,261 8%
. . . Database Design 1,241 8%

¢ StatIStlcaI programmlng (SQL, Python) Amazon Web Services 1,206 8%
SAS (Software) 1,188 8%

R’ SAS’ Ta b I €au ) Microsoft SQL Servers 1,159 7%

Data Integrit 1,155 7%

* Software development languages (Java, S r— 16 o
1 Business Requirements 1,101 7%
Javascrlpt) Finance 1,100 7%

. Tabl Busi Intelli Sof 1,067 7%

» Database operations (AWS, Hadoop) T R ——— - o
. . . Scripting 1,038 7%
Points to the importance of advancing Relational Databases 1,032 7%
o o Je o _ge Apache Hadoop 1,012 7%

talent in multidisciplinary, ST 1008 o
multi-toolkit-oriented data sciences skills DT “il -
Business Intelligence 991 6%

Extract Transform Load (ETL) 970 6%

Process Improvement 929 6%

Source: TEConomy analysis of job  HyperText Markup Language (HTML) 921 6%

ﬁ T€C \ postings data from Emsi (Emsi Linux 920 6%

Release 2022.1) Query Languages 914 6%




Industry Innovation
Context: Scan of Regional
Patenting Activity in
Technology Areas with

Leading Technology Areas of Hampton Roads-Invented Patents in Data Sciences-Related Applications
Areas, 2016-present

Total
Technology Class Description :R I:: ::t':;: HRATI\;?;\:ed HR-Invented
PP Patent Records
46

Network architectures or network communication protocols for network security
IT Administration; IT Management 21 18 39

O TEC

Source: Analysis of USPTO data retrieved via Derwent Innovation

° Information retrieval; Database structures therefor; File system structures therefor 8 15 23
D ata Sc l e n Ce S- Re I ate d Services specially adapted for wireless communication networks; Facilities therefor 3 18 21
Security arrangements for protecting computers, components thereof, programs or data 4 16 20
A I icatio n S against unauthorized activity
p p Thermoelectric devices comprising a junction of dissimilar materials; Processes or 7 13 20
apparatus specific to the manufacture or treatment thereof or of parts thereof;
. o Digital commerce, e.g. shopping or e-commerce 9 11 20
¢ 570 or apprOXImatEIy ZOA)-I- Of patents Computer input-output systems and other digital interface arrangements 7 12 19
inve ntEd In Ha m pton RoadS fO un d N Sensing and materials analysis using optical means, i.e. using infra-red, visible or 6 13 19
t h I | t d t t ultra-violet light
ecnno Ogy dareas relate 0o com p uti ng; Traffic control systems for aircraft 4 12 16
data prOCGSSIng, d|g|ta| CommunicationS, Computer hardware: Eéror detecti.on,' Er'ror correction; Monitoring 6 8 14
osmonautic vehicles 5 9 14
a nd elect ron |CS that arem Ost | | ke Iy to Network-specific arrangements or communication protocols supporting networked 5 11 13
. . . . . applications
allgn Wlth data sclences appllcatlons Arrangements for maintenance or administration or management of packet switching : . o’
networks
° Lea d | ng tech nology areas s h ow Digital payment architectures, schemes or protocols 6 6 12
. . Semiconductor devices sensitive to infra-red radiation, light, or electromagnetic
em p h asis OoOn Cybe r secu r|ty a nd radiation of shorter wavelength; Processes or apparatus peculiar to the manufacture or 4 8 12
treatment thereof or of parts thereof
networked SySte ms Arrangements for program control, e.g. control units 2 9 11
Television systems 1 10 11
H owever |Owe r overa | | Vol umes Of Lasers, i.e. devices using stimulated emission of electromagnetic radiation in the 4 7 1
.. . . infrared, visible or ultraviolet wave range
aCtIVIty Suggest th at th e reg| onisn Ot d Devices consisting of a plurality of semiconductor or other solid-state components 3 3 1
. . . formed in or on a common substrate
maJ or nat|0 na | p I aye rin these data Computer circuitry and hardware not covered by other groups 2 8 10
SC|enceS're|ated |nnovat|0n Spaces Computer systems using kn.owledgt'e-based models 5 5 10
Aircraft not otherwise provided for 4 6 10




Industry Innovation Context: Leading Institutions in Regional Patenting
Activity in Technology Areas with Data Sciences-Related Applications

Primarily
. Primary Patent Assighee HR-Based Institution Focus Area
* Most IP in technology areas Location?

al'gned Wlth data sciences NASA Yes NASA Langley research operations 11 31 42
is generated by Hampton Capital One Services LLC 12 25 37
. . F Int ti IC ti Y Energy harvesting, self-powered wireless 9 22 31

Roads inventors aSSOCIatEd ace Intérnational Lorporation €s transmitters and sensors, EMP protection
. . Bank of America Corporation 8 17 25
elther WIth NAS.A Langley AT&T Intellectual Property 3 21 24
resea rCh Operatlons or Huntington Ingalls Inc Yes Shipbuilding, unmanned systems 6 10 16
major mUItlnatlonaI tech Oracle International Corporation 5 11 16
. . ) IBM 5 11 16
and financial services eyl 1 9 10
companles Smartsky Networks LLC 5 3 8
Global Technical Systems Yes Combat systems processors, C4ISR systems 8 8
Microsoft Technology Licensing LLC 8 8
Facebook Inc 7 7
Paradigm Inc Yes Digital and print credentialing 2 4 6
Amazon Technologies Inc 6 6
Apple Inc 3 3 6
Mythics Inc Yes Cloud infrastructure and management 6 6
Natcore Technology Inc 5 5
Go Logic Decision Time LLC Yes Profitability and resource analytics models 2 3 5

Source: Analysis of USPTO data retrieved via Derwent Innovation




Entrepreneurial
Activity in Data
Sciences-Related

Innovation: Leading

VC Companies

* Total of $67 million invested
in companies advancing data
sciences technologies and
applications in Hampton
Roads from 2015-2021,
representing 21% of total VC
investment over the period

Most recent financing deals in
data sciences companies split
across angel (2 companies),
seed (2 companies), early
stage (3 companies) and later
stage (4 companies) funding
rounds

@ TECC

Leading Hampton Roads Companies in Data Sciences-Related
Applications Areas Receiving VC Funding, 2016-2021

Company

SVT Robotics

DroneUp

Psionic

Courage
(Application
Software)
BlockSentry

Iron Sheepdog

Code BGP

Liberty Source

Description

Developer of warehouse automation software intended to make rapid deployment of enterprise
robot technology quick and easy. The company's software utilizes machine learning for
self-optimization to provide rapid development and quick integration.

Provider of drone flight services intended to transform organizations with drone delivery and
drone technology solutions. The company's platform locates, qualifies, and deploys single pilot or
multi-pilot crews according to the client requirements and also delivers on-demand services.

Developer of lidar technology designed for autonomous space vehicles. The company's
technology is available in several different configurations and optically measures a target's range
and velocity vectors at long distances and cannot be detected or jammed, enabling businesses
and corporate clients access to technology that has applications in the automotive industry, space
exploration, and defense.

Provider of a blockchain ecosystem that develops decentralized blockchain technologies,
blockchain ecosystem and open source projects, thereby helping users to develop and improve
new blockchain technologies.

Developer of a cryptocurrency tax software designed to leverage blockchain technology with
artificial intelligence to modernize personal accounting.

Developer of a logistics technology intended to assist manage the logistics of short-haul trucking
for construction projects. The company's technology offers cloud-based technology, GPS-based
app and real-time access to data, enabling construction companies to efficiently manage time,
resources and workload.

Developer of a cloud-based network automation platform intended to facilitate visibility and
security. The company's platform specializes in the detection and mitigation of border gateway
protocol hijacks from their origination on a real-time basis as well as help in automating resource
tracking for policy verification.

Provider of business process outsourcing services intended to help organizations link their
business practices to corporate social responsibility. The company's services include finance,
accounting, human resources, customer care as well as data curation, extraction, and market
insights, enabling clients to get a flexible and cost-effective service to improve customer
relationships.

Source: Analysis of Pitchbook VC data
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Entrepreneurial
Activity in Data
Sciences-Related
Innovation: Leading
SBIR Companies

» 22 Regional companies receiving
SBIR funding highly
concentrated in defense and
aerospace applications in
several focus areas:

» Software development for mission
operations

* Aircraft/aerospace simulation and
testing

* Cybersecurity

* Augmented reality and digital
training applications

* Geospatial and remote sensing
applications

“T? TEC

Leading Hampton Roads Companies in Data Sciences-Related Applications Areas
Receiving SBIR Award Funding, 2016-2021

# of
ompany ompany Focus Awards

G2 Ops, Inc.

Ario Technologies Inc.
Avid LLC
Bihrle Applied Research

Analytical Mechanics Associates

Tao Of Systems Integration Inc.
Vigyan, Inc.
Vectrona, LLC

Spatial Integrated Systems
Genex Systems LLC

Antech Systems .

G & A Technical Software Inc

Prevailance, Inc.

W R Systems Ltd.

Adaptive Aerospace Group Inc.

Coherent Applications, Inc.
Julia Semantics

Wise Case Technologies, LLC
Applied Training Solutions, LLC
Applied EM Inc.

Spectric Labs, Inc.
Prime 3 Software LLC

Cybersecurity and IT service solutions, model-based systems engineering (MBSE) consulting,
training and digital twin creation

Augmented reality and digital task/work flow management tools
Aerospace engineering and aircraft design and optimization software

Aircraft simulation, flight dynamics modeling and analysis

Systems engineering and integration, big data fusion, analytics services, and software
development

Flow measurement products for aeronautics/marine engineering and fluid dynamics
research

Engineering analyses, wind tunnel services, and computer support

Augmented Cognition Environment (ACE) system, modeling and simulation systems, digital
training and readiness solutions

Computer-Aided Design (CAD), Computer-Aided Manufacturing (CAM), Computer-Aided
Engineering (CAE) and Product Lifecycle Management (PLM) Software Solutions
Aerospace systems engineering and mission operations, information technology systems,
and advanced scientific modeling and analysis

Custom software applications and tools for planned maintenance systems, simulation and
interactive game-based training

Atmospheric remote sensing, from instrument design to scientific data analysis and flight
operations, line-by-line spectral modeling software library

Federated Mission Networking (FMN)/Mission Partner Environment (MPE) capabilities,
warfare skills training, decision support tools for command and control

Positioning, Navigation, and Timing (PNT), Geospatial Information & Services (GI&S),
unmanned systems, radar signal processing, geospatial navigation, readiness and
sustainment, and electronics repair and testing

Piloted and batch flight simulation studies, geospatial sensing and data gathering, GPS, and
ADS-B data, Human factors, UAS detect and avoid, Flight Dynamics and aircraft and
spacecraft simulation; Aircraft and spacecraft related software development; Statistical
analysis

Advanced laser and lidar systems for autonomous safe landing on solar system bodies and
atmospheric measurements.

Modeling and simulation analytics, predictive assurance, and semantic computing
technologies

Knowledge harvesting and case-based estimation technologies, case-based reasoning
approaches with crowd intelligence.

Modeling and simulation, disaster response training tools

Compact antenna for commercial and defense applications, full wave characterization of
complex electromagnetic systems

Full-stack development of signal processing systems, data analytic platforms, and
visualization frameworks

Transportation and logistics software integration, automation, and diagnostics

Source: Analysis of federal SBIR award data

W N NN W WSO oa

N

R R RN R RN

4.0

3.1
2.8
2.7

1.9

1.9
1.7
15

1.3
1.1
0.9
0.8
0.7

0.5

0.2

0.2
0.2

0.2
0.2
0.1

0.1
0.1




Stakeholder Perspectives on Demand Drivers

e Strong demand for business analytics for military operations in the region given high-level
command responsibilities for organizing, manning and equipping forces

* Base of homegrown defense providers, including SBIR awardees and VMASC, with emphasis
on model-based systems engineering skills serving broader national defense needs

* Manufacturing oriented activities in Hampton Roads

Military Operations

Shipbuilding & Off-Shore * Each has a strong preventive maintenance requiring that will benefit from data sciences
Wind e Growing use of data sciences for addressing applied business problems in shipbuilding,
tapping growing digitization of manufacturing processes and machinery
Healthcare and Health e Regional health providers utilizing data sciences for patient engagement, improving

healthcare delivery and risk management

* Increased community engagement activities on addressing health disparities using data
sciences

Disparities

* Port of Virginia is one of the nation’s leading ports in the use of technology in its operations —
has an “automated yard” that supports tracking, inspections, scheduling, etc. and requires
increasing use of data analytics and cybersecurity.

* Broader logistics community deploying more traditional data analysis tools and still need to
make the leap to more advanced data sciences

Port Operations and

Logistics

* ODU active in coastal resilience and NASA active in climate research with JLab seeking to
increase their research focus as part of new Data Sciences efforts.

* Region offers ongoing testing, demonstrating and scaling activities underway with RISE
engagement of innovation companies working in coastal resilience and climate adaptation and
ODU’s research offshore wind turbines testbed -- one of two offshore energy research lease
sites in the U.S.

* Communities in Hampton Roads actively seeking to address challenges of sea level rise and
A. TECONOMY coastal resilience
ARTNERS | :

NERS LLC

Climate & Coastal Resilience

P
P




Highlights of Key Findings on Demand Drivers

Talent Demand Drivers

Leading Industry Drivers
for Data Sciences in
Hampton Roads .

Data Sciences talent is becoming critical to Hampton
Roads’ economic growth

* Healthy growth in Data Sciences-related occupations
is driving job growth in the Hampton Roads Region —
though still lagging State and U.S. levels

* Emergence of areas of specialty in the region in
leading areas of cybersecurity, marine engineering
and logistics

* Military Operations

* Shipbuilding &
Offshore Wind

*Healthcare &
Health Disparities

* Port Operations &
Logistics

e Climate & Coastal
Resilience

Demand is not limited to just one industry sector, but
spans the major industry verticals of the region

e Federal civilian and defense-related activities seem to
be the largest driver of occupational employment in
data sciences

* However, a skills-based analysis from job openings
suggests defense contractors and healthcare are
among largest demand drivers in past five years

Key skills required involve working knowledge and
ability to apply languages and toolsets involving
statistical programming, software development
languages and database operations

Industry & Entrepreneurial Innovation
Activity

Active regional base of industry innovation in data
sciences

Approximately 20% of region’s patent inventions and
venture capital funding from 2016-2021 found in
data sciences

Significant cohort of 22 SBIR companies leverage
data sciences, but highly concentrated at defense
contractors around military applications

However, areas of regional specialization in data
sciences are emerging

IP generation by regional institutions focused
around cyber security and networked systems
applications, but relatively low levels of activity
overall

VC investment activity concentrated in a very small
cohort of successful companies largely focused
around autonomous systems, drones, and robotics,
but lack of significant deal flow makes for difficult
ecosystem

y
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Appendix on Data Sciences Assets and
Preparedness Assessment




Research publications

activity and key themes

Highlights areas of research
from regional research
universities and federal labs
that are aligned with data
sciences capabilities and
applications

* Measures publications fields
with data sciences specific
pubs based on use of data
science terms

* |dentifies leading data sciences
themes using machine learning
topic modeling algorithm
based on full publication text

P ANION ANV
@ TECONOMY
PARTNERS LLC

LLE

Deeper Look at
Assets

Highlight areas of
focused investment in
differentiated research
capabilities across
universities and federal
labs

* Based on web search of
universities and federal
labs in Hampton Roads

Regional talent

supply

Highlights the
region’s capabilities
in generating data
sciences talent

* Level and trends in
post-secondary
degree awards

e Alignment of
supply to demand

Approach to Measuring Asset Research, Innovation and Talent
to Identify Hampton Roads’ Data Sciences-Related Strengths

* The Hampton Roads region’s research, innovation and talent base represent key assets that feed the
local ecosystem and can be leveraged towards creating a regional identity in data sciences

Stakeholder

Perspectives

University, federal lab,
industry and other
stakeholders provided
input into region’s
strengths and challenges
in data sciences

OoDU

W&M

Jefferson Lab

Defense Contractors
Healthcare Organizations
Logistics Organizations
Startup Companies

City of Virginia Beach



More Details on Analysis of Publications

Two approaches used to consider data sciences activities across publications by Hampton Roads
universities and federal labs:

Method 1: Direct Method 2: Use Latent Topic Model Analysis of to Understand Thematic

Measurement of Areas of Focus

Publlcapons Related to  The analysis uses machine learning algorithms to identify topics (or

Data Sciences themes) that are “latent” within the underlying vocabulary of a set of

* Based on Key Author text data using a combination of natural language processing (NLP) and
Keywords and Terms in unsupervised clustering methods
Titles identified those * Descriptive text content from research publications articles was used to
publl.c-atlons that were form the data set of unstructured text processed by the analysis
specifically focused on

text data from research

data SCienceS With publications
terms inclusive

Identification of key terms
and concepts for each
record using text
processing filters

Calculation of similarity (or
“distance”) between
different documents based
on vocabulary of key terms

Grouping of topics
into thematic
“communities” based
on similarities and
differences in topic

Topic validity and filtering
criteria to produce focused
topic set for review

| atent Topic
Algorithm

vocabularies

£oe




Leading Research Publications Fields Involved in Data Sciences
Across Hampton Roads Academic and Federal Labs 2016-present

839 publications related to data sciences* identified out of 18,592 peer-reviewed publications across all Hampton Roads universities and
federal labs

As expected, Computer Sciences publication fields dominate in data sciences publications in Hampton Roads — many of these Computer
Sciences publication fields are regional publication specializations

Broader reach of data sciences outside of computer sciences also revealed: among leading fields for Hampton Roads and show broader
application of data sciences in electrical engineering (including imaging sciences and optics), remote sensing, environmental sciences and
meteorology & atmospheric sciences

Publication Fields in Hampton Roads with Highest Number of Data Sciences Related
Publications and Overall Level of Specialization Compared to U.S. Average

Data Sciences Publications in | Specialization of Publication Field in
Publication Field Region Region

Engineering, Electrical & Electronic 152 Below U.S. Avg
Computer Science, Information Systems 121 Specialized
Computer Science, Theory & Methods 112 Specialized
Computer Science, Interdisciplinary Applications 101 Specialized
Computer Science, Artificial Intelligence 67 Below U.S. Avg
Telecommunications 60 Below U.S. Avg
Computer Science, Software Engineering 59 Specialized
Environmental Sciences 55 Specialized
Remote Sensing 50 Highly Specialized
Imaging Science & Photographic Technology 49 Specialized
Computer Science, Hardware & Architecture 43 Slightly Above U.S. Avg
Geosciences, Multidisciplinary 39 Specialized
Meteorology & Atmospheric Sciences 35 Highly Specialized
Optics 31 Specialized
A_— *Specialization compared concentration level of publication field in Hampton Roads compared to U.S. average concentration. Specialized is 20%
’ T€C to 100% higher than U.S. Highly

Source: Clarivate Web of Science publications data



on Latent Topic Modeling

* Analysis identified 100
topics from the set of
over 18.6k research
publications from
regional institutions that
can be grouped into
broad research themes

* Ultimately, 46 topics,
representing
approximately 45% of
the total unstructured
text content of

* Satellite Remote Sensing/Active Remote Sensing —
atmospheric chemistry, cloud cover, particulate
lidar measurement, etc.

* Sensor Calibration - machine tool/robot/remote

¢ Sensor Networks - automated telemetry from

* Automated & Adaptive Detection/Tracking - focus

Key Data Sciences Themes Across Regional Publications Based

sensing calibration

wildlife/ecosystems for measuring breeding and
behavior

on radar

/

* Gravitational Wave Signals
Analysis/Detection

* Particle Physics Interactions

*  Wave Structure/Wave Energy
Modeling

publications data, had
some relevance to data
sciences applications
while the remaining 55% -
of content was focused

on other thematic areas
(such as social science or
medicine)

* (lassification Algorithm Applications

- focus on graph systems, image

feature extraction

Image Analysis/Image Processing

Applications - medical, remote

sensing applications

* Information Retrieval/Query
Processing/Database Design

=N

% TECONOMY

PARTNERS LLC

Core data sciences topics Applications areas leveraging data sciences
0%

M Electronics & Computing
B Remote Sensing

10% 20% 30% 40% 50% 60% 70% 80%

Estimated Prevalence of Broad Theme Within HR Research Publications

90%

100%

Information Science & Machine Learning M Biomedical
M Core Math & Statistics M Environmental Science
¥ Modeling & Simulation M Physics

B Materials Science
Other Topics

Source: TEConomy analysis of Clarivate Web of Science publications data




ODU Has a Strong Presence In Data Sciences Publications Analysis

ODU Had Highest Level of Data ODU has prevalence of 30% or higher in the
Sciences-Specific Publications in the following data sciences topics
Region * Blockchain & Trusted/Verified Cyber Systems Applications (42.7%)

. - * Image Analysis/Image Processing Applications - medical, remote
Well ahead of NASA Langley and William & sensing applications (41.5%)

Mary * Power Electronics Modeling/Cyber-Physical Security (41.2%)
* Leading fields with 20+ pubs include: * Cyber Resilience/Cyber Attack Detection (40.1%)
* Mobile Device Networking (37.5%)

* Classification Algorithm Applications - focus on graph systems,
image feature extraction (37.3%)

* Kinematics/Biomechanics Modeling (36.5%)
* Traffic Logistics/Sensing/Safety & Connected Vehicles (36.5%)
* Ocean Biogeochemistry Studies (32.5%)

* Nucleic Acid/Protein Characterization & Cellular Signaling
Pathways (32.2%)

* Graphene/Photodetector Materials (32.1%)

* Economics - cost/market analyses (32.0%)

* Mathematics - entropy-stable methods/equations (31.6%)
* Particle Physics Interactions (31.2%)

“) Tec * GPU-Based Computing Applications (29.7%) )

* Software Development - automated testing, bug reporting (29.6%

Engineering, Electrical & Electronic

Computer Science, Information Systems
Computer Science, Interdisciplinary Applications
Computer Science, Theory & Methods
Computer Science, Artificial Intelligence
Telecommunications

Computer Science, Hardware & Architecture
Imaging Science & Photographic Technology
Biochemical Research Methods



ODU’s Centers of Excellence & Research Initiatives Leveraging
Data Sciences Tools & Applications

Key University Centers Key Research Initiatives

¢ Virginia Modeling, Analysis & Simulation Center: VMASC is one of the world's leading * Data Science Initiative: ODU facilitates a university-wide, interdisciplinary Modeling
research centers for computer modeling, simulation, and visualization. Located in the Tri-Cities & Si lati M&S t wh f It T d .
Center of Suffolk, VA, VMASC researchers and project scientists work with the most advanced imulation ( ) movement where faculty and students o) B Gl EIS
tools, technologies, and methods across 11 research labs and a secure physical and digital college use M&S approaches to address the challenges of their disciplines. Old
storage and processing architecture. VMASC's research staff includes over 70 research faculty, Dominion University is a world leader in M&S, creating the first M&S degree
scientists, support professionals, and students that perform scientific research, develop h h the D fC o | Modeling & Si lati
computational models, and create information-to-insight and digital engineering solutions in program§t rough the . epartment.o' .omputat'lona Qlellar e =l ?t'on
the research domains of cybersecurity and critical infrastructure systems, digital shipbuilding, Engineering and establishing the Virginia Modeling Analysis and Simulation Center
spaceflight and autonomy, digital health and health equity, policy and decision-making, (VMASC)
mission engineering and integration, and warfighter performance and readiness. ’

°  Center for Innovative Transportation Solutions (CITS):. research topics include several aspects * Center for Cybersecurity Education and Research (CCSER) initiatives: high-impact,
of transportation including traffic modeling, transportation network planning, behavioral Hicrinli S s P :
influences and constraints, logistics, distribution and training. CITS also facilitates O dlSCIpllnary resear_ch '_mtlatlves that cgnter o cy!oersecurlty including X X
interdisciplinary transportation research among faculty in different academic departments, Cybersecurity, Communications & Networking Innovation (CCNI) Lab, Consortium in
particularly for multimodal and intermodal problems. Cyber Resilient Energy Delivery Systems, Critical Infrastructure Resilience Institute,

* Coastal Physical Oceanography: The Center for Coastal Physical Oceanography promotes and other faculty-led initiatives
research on the physical oceanography of the coastal ocean and related oceanographic
processes —large center * International Maritime, Ports & Logistics Institute: hub where industry

* Virginia Institute for Image & Vision Analysis: focused on developing new algorithms and practitioners, students, faculty and community can connect and collaborate to

architectures for real-time applications in the areas of signal processing, image processing,

or ne ot slghal proc 51 € develop solutions in combined maritime/industrial/logistics ecosystem, includin
pattern recognition, artificial neural networks and biomimetic object-vision recognition P / /log v ! &

port development, intermodal transportation, warehousing, and logistics
*  Virginia Institute for Spaceflight & Autonomy (VISA): chartered as an innovation hub deisgned

to grow the entrepreneurial ecosystems for space flight and autonomy, location of the Virginia management
SmallSat Data Consortium, key demonstration grants, and UxS testing center. Focused on small . . . . .
sat/cubesat technologies, space launch systems, autonomous systems, M&sS, data sciences and * ODU Resilience Collaborative (ODURC): consortium of leading scholars actively
data fusion, and computational systems design and development. engaged in research, education, and outreach on critical issues for resilience

* Institute for Coastal Adaptation and Resilience making use of significant data analysis and focused on climate change and sea level rise, adaptation, cybersecurity, health, and
modeling to inform sea level rise and climate interactions, hydrodynamic and hydrologic community resilience.

modeling of flooding impacts and health dimensions of coastal resilience. A unique database
is being developed connecting natural system data, built environment data and
social-behavioral data to inform regional decision-making.

O TEC




Other Key Regional Activity at Hampton Roads Research Labs
Leveraging Data Sciences

* William & Mary

* Evolving its Data Sciences Program into a Department within Computer Sciences — highly computational and technical focus on Al, ML and Network
Analysis. Currently 5-6 faculty in Data Sciences and expect to reach up to 15 faculty. Offers a BS in Data Sciences and a Data Science track in its
Applied Sciences PhD Program. Hopes to grow its graduate programs beginning with a graduate certificate and possibly evolving into Master’s and
PhD level degrees

* Strong Data Science connections to social sciences, public health and geospatial analysis, addressing topics such as data in society, public health
and national security. Also, Data Science is a growing focus of physics program with connections to Jefferson Lab

* NASA Langley:

* The Autonomy Lab for Intelligent Flight Systems (A-LIFT) is in the Research Directorate and is a co-located team composed of researchers from
multiple areas of expertise from computer science, robotics, electrical engineering, mechanical engineering, aerospace engineering, psychology,
machine vision, and machine learning. These Principle Investigators are supported by qualified UAS pilots, flight safety personnel, range safety
officers, and technicians. The team works together in an Agile work environment towards a common technical challenge around autonomous
operations across NASA missions.

* The Atmospheric Science Data Center (ASDC) is in the Science Directorate located at the NASA Langley Research Center (LaRC), in Hampton,
Virginia. The ASDC supports over 60 projects and provides access to more than 1000 archived data collections. These data sets were created from
satellite measurements, field experiments, and modeled data products. The ASDC projects focus on the Earth science disciplines Radiation Budget,
Clouds, Aerosols, and Tropospheric Composition.

* Jefferson Lab:

* Recently formed a new Data Science Department and was awarded DOE funding for several Al-based research projects focused on improving the
lab’s Accelerator facility operations and calibration.

* Seeking to provide real-time optimization solutions for complex operational instruments. Focus of data sciences applications in
data-driven/intelligent automated workflows and autonomous control workflows for experiments, digital twin experiments, but rapidly expanding
to other applications.

* Transformative opportunity is pending to establish a new DOE national supercomputing user facility at Jlab with unique capabilities for making
—_— T€€°f Al andjother data science tools to handle real-time decision-making for large scale experiments using exoscale class data
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Growing and Unique Digital Infrastructure in Hampton Roads

Hampton Roads is positioned to offer a high-capacity Digital Infrastructure with the
growing presence of international subsea cables and a 119-mile ultrafast fiber ring
connecting the region

* Virginia Beach is emerging as a “Digital Port City” currently offering three modern, high capacity subsea
cables connecting the U.S. to Spain, France, Puerto Rico and Brazil with further developments being
planned

* A new ultrafast fiber ring due to be completed by the end of 2024 extends this Digital Infrastructure
across the region connecting Virginia Beach, Chesapeake, Portsmouth, Norfolk and Suffolk and offering
the potential for the entire region to be a “Digital Gateway”

It is expected that the region will be transformed into a leading Internet Hub involving a
wide-array of Data Center operations involving cloud service providers, hosting providers,
major corporate data operations, collocation facilities and multiple types of carrier network
operations

* Already data center activities are being established, such as the investments by Globalinx and PointOne

* The 325 acre Corporate Landing Business Park in Virginia Beach — existing home to a variety of major
regional corporate headquarters, including GEICO, Groundworks and Lockheed Martin — now offers a
cable landing station and is certified to meet power requirements for data centers by Dominion Energy
and so is well-positioned to attract carriers, data centers and other data facilities

* The ultrafast fiber ring not only extends the benefits of Virginia Beach’s high-capacity cable connections
across the region, but enables high-end digital applications and services to benefit the region
addressing public safety, health equity and coastal resiliency

* In the future, business needs that require “low latency” — involving near real-time access to rapidly
changing data — will especially benefit from the region’s high-capacity fiber networks, including financial
processing, drug discovery and industrial internet of things.

* A GO Virginia grant to RVA757 Connects is supporting the development of a comprehensive business
pIan for a I-64 Global Internet Hub that will

‘; TECC

Vlrglnla Beach Digital Port City




Base of Data Science Talent Generation in Hampton Roads
Slightly Upwards From 2015-2021

6000 M computer & Information Science
Math & Statistics

M Logistics & Operations

M Business & Financial Analytics

M Security & Defense

M Engineering - Data Sci Focus

M Engineering

5500
* Leveraging degree program codes for programs of study

from NCES, identified completions associated with data
sciences-aligned areas across seven key areas:

5000

* Business and financial analytics such as accounting, financial
analytics, and operations management

4500

* Math and statistics, encompassing applied math, statistics,

and data sciences 4000
° Logistics and operations, focused on operations research and _g
supply chain management @ 3500
[=%
° Computer and information science, encompassing hardware §
and software engineering, data storage/processing, and g 3000
machine learning >
o
* Security and defense, focused on cybersecurity, digital ® 2500
forensics, and geospatial intelligence 2
* Engineering with likely data science focus, encompassing 2000
electrical/electronics, aerospace, and industrial engineering
degrees especially likely to incorporate data science skills
1500
* All Other Engineering, encompassing all traditional
engineering degrees such as mechanical, civil, and materials
engineering 1000
* Regional completions focused around business and financial <00
analytics degree programs and exhibit relatively flat growth
over last five years — potential indication of regional talent o

pipeline vulnerabilities when considering needs of modern 201516 2016-17 2017-18 B— —— p——
data sciences jobs and roles

‘A TGCO N O MY Source: Analysis of NCES IPEDS data
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Data Sciences-related Talent Generation in Hampton Roads Over the
2016-2021 Period is Concentrated at the Undergraduate Level

Business &
Financial
Analytics

Computer &
Information
Science

Engineering

Math &
Statistics

Engineering
- Data Sci
Focus

Security &
Defense

Logistics &
Operations

OK

Source: Analysis of NCES IPEDS data

RT E

150N

Doctorate Degree
M B Master’s degree
Postbaccalaureate certificate
M Bachelor’s degree
M Associate’s degree

Majority of data science-aligned degrees in region are 4-year
bachelor’s level programs, but associate’s level degrees are significant
contributor to talent generation even within computer and
information science

9K 10K 11K 12K 13K 14K 15K 16K 17K

Total Degree Completions, 2016-2021




Diversity Found Across Key Institutions in Hampton Roads in
Data Sciences Talent Generation

sciences and math/statistics talent 4 M Logistics & Operations
generation found at different William & Mary o - M Business & Financial Analytics

. . . M Security & Defense
post-secondary institutions

G M Engineering - Data Sci Focus
. . . . . ristopner : .
* ODU leading region in engineering NeWportUniversity- 02 - MEIEEG
degrees and computer sciences
degrees Regent University -I
* W&M leading region in NOﬁgi';eS::Ej-.
math/statistics and sizable in
Computer sciences degrees Hampton University -I
* CNUis sizable in business _ E;,ya,]t&smtt(,r,.
analytics and computer sciences College-Virginia Be..
degrees Virginia Wesleyan
University

* NSU also has considerable

ommunity College

analytics and computer sciences

Thomas Nelson

* Tidewater Community College is Community College
sizable in computer sciences and 0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000 6500 7000 7500 8000 8500
engineering degrees - thOUgh at Total Degree Completions, 2016-2021
below BS level Source: Analysis of NCES IPEDS data
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In Comparison to Virginia and U.S., Hampton Roads is Lagging in
Growth of Data Science-related Talent Generation

Computer & Business & B computer & Information Science

Information Math & Statistics Logistics & Financial Engineering - Data . » All Non-Data Total Degree Math & Statistics

: : Engineering : -
Seleres Operations Al Science Focus Science Degrees ~ Completions M Logistics & Operations

* The Hampton T
Roads region o
trails the U.S. and . =
VA in growth of 0
graduate volume ¢
from 2015 to R
2021 for nearly 22
all categories of
data sciences

degrees outside . I I s -

of data 5 I 3 = NN

sciences-focused .. -

o~

o

&

&

% Difference in Degree Completions Volume, 2015-2021

M : -6%
engineering 10%
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Approach to Alighing Hampton Roads’ Data Sciences Talent
Supply & Demand

* Important to assess the alignment of Hampton Roads’ current talent supply with observed and
projected demand to gauge the extent to which there may be gaps in the ability of regional
educational pipelines to meet industry demand using degree completion levels and
historical/projected job openings data

* Job openings and degree completions can be linked using a mapping of degree fields to
occupational codes crosswalk developed by the Federal statistical system

* Definitive comparison of talent supply and demand is difficult due to out of state hiring by business
and misalignment of specific degree programs to local industry roles on the demand side, as well as
“leakage” of data sciences graduates to non-data sciences career roles and out-of-region migration
of new graduates on the supply side

* However, as a basic measure of assessing significant gaps in talent generation mapping degree
graduates to the most applicable and relevant occupational fields provides important context

“) TEC




Overall, Gaps Found in Hampton Roads Alignment of Data Sciences
Talent Generation to Past and Projected Job Demand Scenarios

Hampton Roads Region Virginia U.S. Total
¢ Alignment compares overall levels 1100K
of job openings, defined as the sum
of replacement jobs (workers A K 1000K

leaving the workforce) and new jobs
(jobs projected to be created from

economic growth), against average 4500
annual degree completion trends

5000

0K 900K

» » »
g g 35K g 800K
* Uncertainty in pandemic and g 400 5 5
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More Detailed Assessment by Occupational Categories Reveals
Surplus in Business Analytics Talent Generation But Substantial
Deficits in More Advanced Computing and Engineering Fields
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occupational segments were aggregated into a single computing-related data sciences segment for this analysis

**Note: Degree completions only include awards of 4 year or higher, based on federal degree code to occupational code crosswalk
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Stakeholder Perspectives on Region’s Data Sciences Strengths

and Weaknesses

University, federal lab, industry and other stakeholders provided input into region’s position in data sciences

Regional Strengths

* Breadth of demand across variety of industry clusters
and opportunities to support regional technology
efforts in autonomous systems, cybersecurity and
maritime innovation

Combination of high quality of life and lower cost of
living to compete with DC region

Mix of higher education institutions and federal labs —
and the potential for their collaboration

Enhanced potential to leverage digital infrastructure to
establish test beds for leading data sciences
applications in health disparities, climate/coastal
resilience and Port Community System

Regional Weaknesses

* Out-migration of recent graduates

* Lack of strong, broad-based industry engagement in
data sciences-related degree programs for
project-based learning, capstones, internships and
retention of graduates

* Leading industry clusters involved in data sciences
not well-organized to advance interests in data
sciences needs and opportunities

* Concerns that industry application more towards
data analysis than data sciences in many industry
verticals, including healthcare and supply
chain/logistics

* Pipeline of data sciences-related startups limited
beyond emerging defense-related companies
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Highlights of Key Findings on Region Assets and Preparedness

Regional Data Sciences Research Capacities

*A solid base, though not high share, of regional
peer-reviewed publications found in Data Sciences
across research institutions in the region, led by more
computer sciences-related fields

*ODU is leading regional research institution with both
NASA Langley and W&M active and Jlab emerging

*Emerging Research Assets: Both ODU and W&M
significantly ramping up faculty and academic programs,
while Jlab pursuing national user facility for real-time

supercomputing, plus data sciences activities underway
at both NSU and CNU

*Research themes across publications include:

*Computer sciences-related themes: modeling &
simulation, cybersecurity/trusted systems,
networking and high performance computing

*Specific regional application areas: electrical
engineering, image analysis & optics, remote sensing,
environmental science, meteorology & atmospheric
sciences, physics, biomedical and material sciences

Regional Data Sciences Talent Generation

*Emphasis of region is on undergraduate degrees related
to data sciences

*Business and financial analytics is largest focus of data
sciences talent generation found across all of the
region’s post-secondary education institutions

*Diversity in areas of focus in data-sciences related
degrees found at different post-secondary institutions in
the region

*Region falling short in data sciences talent generation —
not keeping pace with state or national growth trends and
while meeting demand in business analytics, significant
deficits in meeting demand for more technical data
sciences skills involving advanced computing
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