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Foreword – Legislative Mandate 
In 2020 the Legislature enacted the Commonwealth of Virginia Innovation 

Partnership Act (“The Act”, Code of Virginia § 2.2-2351). The Act includes one 

provision, among many others, to be carried out by the Virginia Innovation 

Partnership Authority (“VIPA”), as a specified Power of the Authority1:  

“Develop the Index, pursuant to § 2.2-2360, to use to identify research areas worthy 

of Commonwealth investment in order to promote commercialization and economic 

development efforts in the Commonwealth.”  
 

The language in the specified paragraph regarding the Virginia Innovation Index2 

(“Index”, or “VII”) is, in part: 

“[VIPA] shall develop, subject to approval by the Board, a Virginia Innovation Index 

(the Index), a comprehensive research and technology strategic plan for the 

Commonwealth to identify research areas worthy of Commonwealth economic 

development. The goal of the Index shall be to develop a cohesive and 

comprehensive framework through which to encourage collaboration between the 

Commonwealth's public institutions of higher education, private sector industries, 

and economic development entities in order to focus on the complete lifecycle of 

research, development, and commercialization. The framework shall serve as a 

means to (i) identify the Commonwealth's key industry sectors in which investments 

in technology should be made by the Commonwealth; (ii) identify basic and applied 

research opportunities in these sectors that exhibit commercial promise; (iii) 

encourage commercialization and economic development activities in the 

Commonwealth in these sectors; and (iv) help ensure that investments of public 

funds in the Commonwealth in basic and applied research are made prudently in 

focused areas for projects with significant potential for commercialization and 

economic growth in the Commonwealth.” 

This document summarizes the Virginia Innovation Index as initially developed in 

response to this legislative mandate, and subject to VIPA Board approval.

                                                             
1 § 2.2-2355. Powers of the Authority. , paragraph 15 
2 § 2.2-2360. Virginia Innovation Index 

https://law.lis.virginia.gov/authorities/innovation-partnership-authority-commonwealth-of-virginia/
https://law.lis.virginia.gov/vacode/2.2-2360/
file:///C:/Users/FCE97441/Desktop/§%202.2-2355.%20Powers%20of%20the%20Authority
https://law.lis.virginia.gov/vacode/2.2-2360/
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Executive Summary 
The Virginia Innovation Partnership Act specifies3 the Virginia Innovation Index 

(“VII”) as the mechanism to: 

“…help ensure that investments of public funds in the Commonwealth in basic and 

applied research are made prudently in focused areas for projects with significant 

potential for commercialization and economic growth in the Commonwealth.” 

As described herein, the VII provides a data-informed model for comparing 

expected longer term economic development outcomes between alternative 

investment options. The goals for this evolving model are: 

• Inform decision-makers on potential high growth areas, based on observable 
data that serve as predictive metrics 

• Provide a consistent basis for comparisons of potential investments across 
industry sectors, research areas, etc. based on growth potential 

• Provide quantitative inputs on where to invest the next $1M of Commonwealth 
innovation funds (investment at the margin) 

 
The emerging VII builds on prior work, and adds three new elements: 
• A Framework – a common, documented conceptual approach for evaluating 

technology sectors and their investment potential 
• A Model – a mechanism that uses observable metrics to predict likely 

investment outcomes. A computer-based model will exist as part of the VII 
• An Index – One part of the model output that ranks candidate investment areas 

Each of these elements is addressed separately in the main body of this document. 

Development of the VII incorporates a “data-informed” decision support approach. 

That is, it seeks to use observable data within a decision framework to provide an 

objective, supportable rationale for human decisions. The rationale for this type of 

approach is that similar models have been shown to improve portfolio outcomes 

in analogous settings; some of that evidence is provided below. 

                                                             
3 § 2.2-2360. Virginia Innovation Index 

Virginia Innovation Partnership    Authority  

 

Virginia Innovation Index 

https://law.lis.virginia.gov/vacode/2.2-2360/
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The VII is not an instance of artificial intelligence or “black box” algorithms that 

deliver answers without explanation; the VII relies on the judgment and insight of 

relevant domain experts and decision-makers (i.e., VIPA Board, the Legislature, 

and/or the Executive Branch) to interpret the model inputs and outputs and 

potentially use them as a basis for specific recommendations/investment decisions.  

The development of the VII builds on several specific Data Science techniques and 

approaches for portfolio-focused decision models. Some of these are described in 

more detail in Appendix A. The model itself is based on a set of Key Objectives 

containing a set of Metrics that provide supporting data for each objective. This 

model structure is described in the body of the report, with individual definitions 

for each Objective and Metric described in Appendices B and C respectively. The 

application of the VII to a few selected examples is highlighted in the “Use Cases” 

Appendix D to this document, as an illustration of the model’s functionality. 

In addition to this document, the model will be embodied in a computer-based tool 

that incorporates the various metrics, utility functions and factor weightings. 

However, because of the complexity of the model and the effort needed to access 

the relevant underlying data it is anticipated that data science consulting 

engagements for particular assessments will be the most productive use of the VII. 

Finally, the VII will evolve over time. Three major factors will drive this evolution: 

• Familiarization with the model will stimulate inputs from a broader set of people 

over time; they may identify objectives, metrics and data sources that will 

improve the VII’s predictive potential. 

• Validation of the model. VII outputs provide a set of expectations about the 

future growth of industries over time; these expectations will be compared to 

actual outcomes over the next two or three bi-annual VII update cycles. 

Performing this analysis to understand the inevitable variances and their causes 

may help improve the VII’s predictive abilities. 

• Structural macro-economic changes. External factors such as COVID or climate 

change may call into question or invalidate some historically useful data sources 

or metrics. While the model itself may be valid, substitution or change of the 

underlying metrics may improve the predictive expectations.
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Virginia Innovation Index: 
Derivation and Overview – 

Legacy Roadmaps, Other Approaches, VII Overview 

VII Derivation and Overview 

The Legacy Roadmaps 
Many groups have ideas and opinions about the best industries and investment 

opportunities for allocating Commonwealth of Virginia innovation funding. For a 

number of years, Commonwealth decision-makers have sought guidance on how 

to allocate and invest these funds across the various opportunities, with the 

general hoped-for outcome being increased prosperity as a result of high-growth 

job creation. 

A key form of this guidance has been the Commonwealth Research and Technology 

(R&T) Strategic Roadmap (the “Roadmap”). The Roadmap has served as a 

comprehensive planning tool the Commonwealth has used to help identify 

research areas worthy of economic development and institutional focus. It has 

provided elected and other officials with priorities in key technology-based industry 

sectors that have commercial promise, that have been expected to drive economic 

growth in Virginia, and for which funding has been available through the various 

innovation investment programs. Beyond this, the Roadmap has also helped inform 

and align organizations across the state, including public and private universities. 

The most recent Roadmap was 

issued by the State Council for 

Higher Education in Virginia 

(SCHEV)4 in October 20195. As shown 

in Figure 1, the industry sectors 

recommended via the Roadmap 

have been fairly consistent over the 

last decade, with a few sectors 

dropping off and the sole addition of 

Unmanned Systems as a new sector.

                                                             
4 https://www.schev.edu/ 
5 Commonwealth Strategic Roadmap 2019 

Figure 1 - Key Technology Sectors from Prior Roadmaps 

https://www.schev.edu/docs/default-source/institution-section/grants/commonwealth-strategic-roadmap---final.pdf
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Each of these Roadmap versions relied on a couple key analytic approaches, 

notionally asset listings and various types of innovation indicators. 

 Asset listings have taken the form of geo-located Commonwealth assets or 

regional interests, shown in Figure 2 with examples from the 2019 and 2017 

reports, and provide valuable snapshots of regional potential. These analyses are 

currently being updated in a new report chartered by VDEM6. 

Innovation Indicators from prior reports also provide important nuggets of 

information and can be tracked over time to identify trends. 

                                                             
6 Boston Consulting Group, Post-COVID Subsector Business Attraction Strategy, VDEM internal report 

Figure 2 - Asset Listings from Prior Roadmap Reports 

Figure 3 – Innovation Indicators Quantify Virginia Innovation Performance 
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Other Approaches to Innovation Prioritization 
Several other methods for prioritizing innovation investment have been used in 

various circumstances. Some limited academic work7,8 has looked specifically at 

Innovation Indices, notably in Europe, as illustrated in Figure 4.  

 

Figure 4 - Some Academic Research Is Directly Focused on Innovation Indices 

As shown9 in Figure 5, these types of highly analytic approaches produce 

quantitative indices, but the resulting conclusions are subject to interpretation.  

Figure 5 - Academic Innovation Indices Rely Heavily on Statistical Approaches 

                                                             
7Barragán-Ocaña, A., Reyes-Ruiz, G., Olmos-Peña, S. et al. Approach to the identification of an alternative 
technological innovation index. Scientometrics 122, 23–45 (2020). https://doi.org/10.1007/s11192-019-03292-9 
8 Bielińska-Dusza E, Hamerska M. Methodology for Calculating the European Innovation Scoreboard—Proposition for 

Modification. Sustainability. 2021; 13(4):2199. https://doi.org/10.3390/su13042199 
9 Ibid. 



  

 6 

For example, one interpretation of Figure 5 is that wealthier countries are better at 

innovation, but the research does not address whether resulting investments 

would be better served to try and increase innovation at the margin in wealthier 

countries or providing funding to expand the presumably funding-limited 

opportunities in less wealthy countries. Addressing this type of tradeoff is a goal of 

the VII methodology. 

A second approach related to both the Innovation Indices of prior Roadmaps as 

well as the academic research, but developed more for marketing purposes, are 

third-party rankings, illustrated in Figure 6. Some of these have more credibility 

than others, but they can provide additional insight into how Commonwealth 

investments are producing specific sector outcomes. 

 

 

 

 

Figure 6 - Third Party Rankings Can Provide Additional Sector-Specific Insights 
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A third approach to prioritizing innovation opportunities is expert inputs. There are 

of course many such inputs. Figure 7 highlights several from Virginia, including 

reports from the Virginia Economic Development Partnership10, TEConomy 

Partners11, the Virginia Academy of Science, Engineering and Medicine,12 as well as 

books13 and articles14 from a variety of sources. A full list of the sources evaluated 

for the VII process is provided in Appendix E. Generally, these types of inputs 

advocate for one or several industries or processes as a source of innovation, with 

the more robust ones providing extensive data sets backing their 

recommendations. This often puts emerging, earlier stage innovation at a 

competitive disadvantage for funding, independent of the potential innovation 

area’s potential. 

 

Figure 7 - Expert Opinions Suggest Guidance for Innovation Investment 

Given the breadth of relevant supporting information, a consolidated, consistent 

view as embodied in the VII is critical for comparing innovation investment 

opportunities. 

                                                             
10 Strategic Plan for Economic Development of the Commonwealth 
11 Presentation version: Strategic Directions to Advance Innovation-Led Growth Across the Commonwealth 
12 Aerospace in Virginia 2017 
13 Audretsch, David B., Everything in Its Place: Entrepreneurship and the Strategic Management of Cities, Regions, 
and States,  2015, Oxford University Press 
14 This AI Could Predict 10 Years of Scientific Priorities - If We Let It 

https://www.vedp.org/sites/default/files/2018-06/Executive%20Summary%20of%20Strategic%20Plan.pdf
https://www.schev.edu/docs/default-source/about-section/council-files/2018-council-meetings/january/research-asset-assessment-study-final-(horowitz).pdf
http://www.vasem.org/aerospace-in-virginia-2017/
https://oxford.universitypressscholarship.com/view/10.1093/acprof:oso/9780199351251.001.0001/acprof-9780199351251
https://oxford.universitypressscholarship.com/view/10.1093/acprof:oso/9780199351251.001.0001/acprof-9780199351251
https://www.technologyreview.com/2021/09/20/1035890/ai-predict-astro2020-decadal-survey/
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Gap Analysis and VII Overview 
The legacy Roadmap process has served the Commonwealth well in providing 

guidance for economic development and innovation. The Act however mandated 

the VII as a new analytic product for the Commonwealth, as opposed to simply an 

updated “Roadmap 2021”. Several significant changes have proven the wisdom of 

this approach.  

First, COVID-related structural changes to the economy, some likely permanent, 

have yet to be fully reflected in economic assets and priorities. Second, ongoing 

changes in both Federal and Commonwealth administrations are leading to 

updated priorities and funding profiles, which clearly impact industry sector growth 

projections. Finally, the change in emphasis reflected in the VII versus prior 

Roadmaps provides an opportunity to directly incorporate updates to some of the 

excellent work previously referenced, such as that by VDEM and TEConomy (some 

still unpublished), in a value-added meta-analysis rather than duplicating efforts or 

providing conflicting analytic products. 

The VII development process used an informal gap analysis to help understand the 

intent of the Legislature in defining this new Index. Four gaps were identified, and 

the VII has been designed to address those gaps. 

Gap 1 – Innovation Framework 

First, there is no consistent, authoritative framework that identifies the important 

elements the Commonwealth considers when deciding how to allocate innovation 

funding.  

 How can innovators develop proposals that will better fit Commonwealth 

priorities?  

 What areas are outside the scope of Innovation Funding programs?  

 How can decision-makers compare programs in diverse industry sectors? 

The first element of the VII is a Framework addressing exactly these types of 

considerations. Key components of the Framework look at the trade space of 

sector/geography/competitiveness; development of a robust industry ecosystem; 

and at the full innovation life cycle from idea generation to commercial sales. 
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Gap 2 – Analysis of Alternatives 

Second, there is no consistent mechanism for directly comparing disparate 

alternatives. The lists or proposals put forth by various groups each advocate for 

various alternatives, generally with supporting data. However, this data is often 

inconsistent, making comparative analysis difficult at best. While there are 

overlaps, each list of recommendations is unique both in terms of recommended 

industry sectors and the underlying analytic methods. The VII Model provides a 

consistent methodology to fill this gap, with a specific numeric utility function for 

each evaluated sector as one output. 

Gap 3 – Predictive Metrics 

Third, although many metrics are used, proposed or indicated in these types of 

expert analyses there is generally no clear definition of which metrics are most 

important, or which ones are predictive of future performance (in the sense of 

Leading Economic Indicators) versus retrospective or ancillary metrics.  

For example, the various commercial publications that annually rank “Best Places 

to do Business” or “Best Places to Live and Work” utilize historical data that indicate 

what happened last year or earlier. Of course, past performance is no guarantee of 

future results, and while these types of rankings may retrospectively show 

outcomes over time their predictive value is much less clear.  

The VII Model provides specific weightings across the five Key Objectives 

represented in the Model as well as the supporting metrics for each objective. The 

metrics are specifically selected to be predictive. For example, the number of 

students in various university degree programs is likely a good indicator of the 

number of skilled entry level workers in a sector over the next couple years. 

Part of the art of data and decision science is in the process for selecting metrics. 

Some of those considerations are detailed in the Appendices of this report. 

However, metrics and models are never perfect. The underlying data have to be 

available, consistent and reputable. The set of metrics cannot be too highly 

correlated or miss important factors. These considerations lead to a requirement 

that a decision model of this type be validated and evolve over time, as described 

below. 
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Gap 4 – Validation of Recommendations and Improvements Over Time 

Finally, the third party analytic reports are static snapshots at a single point in time. 

Commonwealth stakeholders can later sponsor new or updated reports, but there 

is rarely a forensic evaluation of prior report recommendations.  

The VII is designed to be different. The Act that defines the VII requires it to be 

updated annually. Part of this update process will explicitly include an evaluation 

of the model itself and the incorporated metrics.  

As the actual sector growth outcomes inevitably diverge from model predictions, 

this process will evaluate the underlying assumptions, Key Objectives and specific 

metrics. Perhaps a data source is no longer available, or its predictive relevance has 

decreased. Perhaps an underweighting of, for example, quality of life factors has 

led to workforce availability being lower than predicted, or a scientific 

breakthrough has led to a much more rapid growth of a sector than expected. 

The annual update required by The Act is the opportunity to both validate and 

update the model itself as well as the resulting utility index. Over time this 

consistent evaluation of the VII itself should result in an extensively validated model 

that has proven utility in guiding innovation investment decisions. 

Will It Actually Work? 
As outlined here the VII is a complex undertaking. Is it worth the trouble? Is there 

any indication this type of approach can actually work? There is evidence that this 

type of predictive 

decision model can 

improve outcomes. 

Figure 8 illustrates 

outcomes from a 

Federal Government 

program under contract 

to VIPC, looking at the 

3-year success rates of 

companies selected to 

participate in the Figure 8 - Use of Predictive Decision Models Can Improve Outcomes 
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program. The outcomes for selected companies are compared to both the overall 

program applicant pool (orange bars) and the Venture Capital (VC) industry at large 

(blue bars). The evaluation in 2021 looked back at the cohort of companies from 

2018 to judge the 3-year success rate. Objective data such as follow-on investment, 

corporate activity, market presence, web presence etc. were used to categorize 

these companies from “Failed” through “ ” to “Success”. 

In this case the applicant pool has had similar success rates as the overall VC 

invested companies after 3 years, a total of about 20%. Somewhat more of the 

(self-selected) applicant pool are still holding on as Maintaining or Failing, while the 

VC process perhaps encourages more of their cohort to “fail early”. 

However, the companies selected on the basis of the predictive decision model 

used for this program have had zero failures and substantially higher successful 

outcomes, as shown in the green area of Figure 8. Two factors seem to be at work.  

First, by making the decision processes explicit and common these models (both as 

shown here as well as other data) appear to be effective at clearly identifying those 

candidates less likely to succeed. The model does not preclude investment in these 

cases, but certainly encourages explicit discussion about cases such as lower 

probability ventures with potentially much higher positive returns. Second, the 

positive effects of focusing scarce support and investment resources on activities 

more likely to succeed does indeed seem to have a strong positive effect. 

While the application of this type of model to industry sectors is different that its 

application to individual companies, the goal of the VII Project (subject to ongoing 

validation of the model) is to facilitate similar positive outcomes for the 

Commonwealth. 
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Virginia Innovation Index: 
VII Structure and Details – 

The Framework, The Model, The Index 

VII Structure and Details 
As defined above, the VII consists of three elements, The Framework, The Model, 

and the Index. Each of these elements is described in detail in the following sections 

and the supporting Appendices. Context is important for application of the VII since 

The Act specifies:  

“The goal of the Index shall be to develop a cohesive and comprehensive framework 

through which to encourage collaboration between the Commonwealth's public 

institutions of higher education, private sector industries, and economic 

development entities, …[and] shall serve as a means to identify the 

Commonwealth's key industry sectors in which investments in technology should be 

made…” 

The term “Innovation Investment” (broadly defined) thus has specific meaning in 

this context where the VIPA enterprise intersects and has common interest with 

external entities such as SCHEV and VEDP. A separate report from VIPC to the VIPA 

Board recommends Centers of Excellence Oversight processes for programs within 

the VIPA purview. This section describes the VII boundary conditions as they relate 

to innovation investment in conjunction with non-VIPA entities. 

Figure 9 illustrates some of these boundary conditions. While not intended to be 

comprehensive the Figure illustrates some aspects of what is within the scope of 

the VII and where the common interests are with partner organizations. For 

example, programs that are entirely focused on Workforce Development are 

primarily in the domain of SCHEV, while coordination around emerging workforce 

opportunities are of common interest to both SCHEV and VIPC. University Basic or 

Sponsored research is primarily in the University domain, whereas Applied 

Research intended for Tech Transition is clearly an area of common interest. 

Two other boundary conditions for innovation investment are the product maturity 

and the investment amount. The VII applies roughly from Applied Research through 

initial market entry, so is not relevant for efforts such as enhancements of mature 

commercial products. 
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 In terms of investment amounts, individual VIPA investments can be as small as 

$25K, with typical programs consisting of sets of investments in the $1 - $5M range. 

Larger programs generally require specific Legislative action. The VII Model uses a 

baseline investment of $1M at the margin to help normalize investment impact. 

For example, Virginia Tech recently announced15 large (>$25M) private 

investments in a quantum computing laboratory. The VII question is: what impact 

would an additional $1M have on outcomes related to this clearly important 

initiative. 

                                                             
15 https://vtx.vt.edu/articles/2021/11/northrup-quantum.html 

Figure 9 - Boundary Conditions for Application of VII 

https://vtx.vt.edu/articles/2021/11/northrup-quantum.html
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The Framework 
The Framework provides a clear, consistent structure for evaluating various 
innovation investment opportunities, and drives the specific Key Objectives of The 
Model. The Framework has three distinct views: 

 A macro-economic view of Industry sectors in terms of sector maturity and 
Virginia competitiveness, assets and geographic opportunities  

 An innovation pipeline view evaluating the full life cycle from IP generation 
to market presence 

 An ecosystem view evaluating opportunities for balanced growth of an 
industry sector ecosystem 

 

Figure 10 illustrates the macro-economic view, taking into account the factors of 
Industry, Geography and Competitiveness that may support or hinder the 
development of a robust ecosystem. An ideal portfolio would consist of fast-
growing industry sectors with impacts spread across Commonwealth regions. 

 
Figure 10 - VII Framework Looks at Industry, Geography and Competitiveness 

The Competitiveness axis of this view captures two different notions. First, Virginia 

should have a competitive advantage in the chosen industry sectors based on 
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Commonwealth assets such as academic research, test or industrial facilities, 

connectivity, corporate clusters, proximity to a customer base and others.  

Second, ideal innovation investments come at optimal times in an industry sector 

development, as illustrated by the Gartner Hype Cycle16 graph. Invest too early in 

commercialization efforts and the likelihood of a positive outcome is very low. 

Invest in a mature industry and market penetration is very difficult. Invest past the 

“Peak of Inflated Expectations“ and market consolidation is well under way, with 

new ventures likely to be absorbed or fail with little job creation.  

Rapid innovation in new sectors occurs primarily in the initial growth phase after 

some innovation trigger occurs, and secondarily for disruptive capabilities as 

industries begin to mature after the consolidation phase. While no investment is 

likely to meet all of these conditions, this Framework view provides some macro-

economic structure to evaluate new opportunities. 

The Framework’s Innovation Pipeline view, depicted in Figure 11, illustrates the 

focus on the complete innovation pipeline from IP generation to market presence.   

 

 

 

                                                             
16 https://www.gartner.com/en/research/methodologies/gartner-hype-cycle 

Expanding and Advancing 
Industry 

Technology 
Development & 
Commercializat

R&D Activity 

Entrepreneurial  
Energy 

Figure 11 - The Innovation Pipeline from IP to Market 
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An alternative but consistent 

view of the innovation 

pipeline is provided in the 

2018 TEConomy17 report, 

shown in Figure 12.  
 

 

 

 

 

This pipeline view is consistent 

with one of the classic definitions 

of innovation from Bell 

Laboratories, as reported by Jon 

Gertner18 (Figure 13). Many people 

are focused on the Invention 

phase of this definition to the 

extent they lose sight of market 

needs and scaling from a 

prototype to a deliverable product 

as required for true innovation. 

From a pipeline investment 

perspective, bottlenecks can 

occur. Extensive IP with no 

entrepreneurs to commercialize it, 

or a ready workforce with no 

industry to employ them are issues 

to be avoided.  

                                                             
17 Presentation version: Strategic Directions to Advance Innovation-Led Growth Across the Commonwealth 
18 Adapted from Gertner, Jon The Idea Factory: Bell Labs and the Great Age of American Innovation, 2012, 
Penguin Press  
 

DISCOVERY is a scientific observation 
of the natural world 

INVENTION is development of a new 
product or technique 

INNOVATION is transformation of an 
idea into a product or process meant 
for widespread practical use 

- If you haven’t produced substantial 
quantities you have not innovated 

- If you haven’t found a market you 
have not innovated 

INNOVATION 

Figure 13 – Innovation Definition from Bell Laboratories 

Figure 12 - Innovation Pipeline Alternative View 

https://www.schev.edu/docs/default-source/about-section/council-files/2018-council-meetings/january/research-asset-assessment-study-final-(horowitz).pdf
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These concerns are the focus of the Framework’s Ecosystem view shown in Figure 

14. An Innovation Ecosystem consists of a complex set of players acting in a variety 

of reinforcing capacities which collectively result in a viable product offering in a 

market. Successful ecosystems require all of the component elements, and they 

evolve together over time. If elements are absent the market entry opportunities 

are often missed. For these reasons balanced ecosystem growth is vital.  

These notions of balanced ecosystem and eliminating pipeline bottlenecks are 

suported by VIPC data and analysis of the legacy CRCF and VRIF and the current CCF 

grant programs19. The analysis compared innovation outcomes for grants to the 

private sector versus grants to higher education. While the higher education 

projects received 64% of the funding, they generated only 21% of the follow-on 

funding, and only 14% of the commercialized products or services. Surprisingly, the 

higher education grantees also only generated 27% of the resulting patents. 

While many factors lead to these types of results, an obvious factor is the increased 

emphasis in the private sector around bringing products to market and engaging 

the supporting ecosystem to accomplish those goals. The data support the notion 

that the bottleneck in the innovation pipeline is the engagement of entrepreneurs 

rather than a lack of intellectual property, and that providing funding to relieve this 

bottleneck will be more efficient in producing desired outcomes than investing in 

additional intellectual property. 

                                                             
19 VIPC Presentation to Virginia Innovation Alliance, Nov 11, 2021. Analysis by VIPC Commercialization team 
presented and led by Sean Mallon, VP, Commercialization, VIPC 

Users 

Figure 14 - Balanced Ecosystems Best Support Innovation 
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Taken together, these three Framework views are an integral part of the VII, 

helping structure the Model and supporting preliminary evaluations regarding 

which sector opportunities are the most promising for additional evaluation. 

The Model 
The Framework provides structure that supports development of the VII Model. 

The Model has three components that roll up to the overall VII. First are the set of 

Key Objectives leading to 

economic development, as 

shown in Figure 15. Each Key 

Objective is supported by two 

or three Metrics, which take 

on values in the Model. The 

Metrics values are supported 

by data sources that provide 

objective data relevant to the 

specific Metric. In order to 

normalize values the Metrics 

are generally assigned a Likert Scale20, a typical 5-point scale which in this case 

generally uses ranges of the underlying data sources to define the values. In this 

model two metrics also use a ratio calculated to give a scale from 0 to 1. 

The Model rolls up these values into a Utility score by assigning weights to each of 

the Key Objectives and then to the individual Metrics supporting each objective. At 

this point the sum of the values times the Metric weights gives the Key Objective 

score, and the sum of those Key Objective scores gives the overall Utility score. An 

example of this functionality is provided in Appendix D. 

Extensive data and decision science techniques are used in the model, including 

methods for Key Objective and Metrics selection as well as evaluation of readily 

accessible, predictive data sources. One goal for selection of these elements is a 

“minimal spanning set”, basically the smallest number of parameters that 

adequately describes the problem space without overlap. 

                                                             
20 https://en.wikipedia.org/wiki/Likert_scale 

Figure 15 - Five Key Objectives for the VII 
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An example of the model structure, with data partially instantiated for the 

Uncrewed Autonomous Systems (UAS) industry is shown in Figure 16. 

Figure 16 - VII Model Predicts Significant Growth in the Virginia UAS Industry 

In this case, the Entrepreneurial Energy Key Objective is shown supported by two 

Metrics, Number of Companies in Accelerators and Phase I&II Small Business 

Innovation Research awards over time. The first metric is a proxy for the number 

of Virginia companies servicing this market in 3 to 5 years. While that future 

number will be smaller due to attrition, and the Metric does not take into account 

companies that will be serving the future market without participating in 

accelerators, the Metric is still a good predictor of future market participants, with 

a larger number now correlating to a larger number in the future. The data source 

for this Metric is data maintained by the VIPC Entrepreneurial Ecosystems Division. 

The second Metric illustrated in Figure 16 is the number of SBIR awards. This Metric 

is an indicator of small business generation of Intellectual Property, which again is 

predictive of future product development. The data is maintained and publicized 

by the federal government. In this case the fact that each year’s number of awards 

grows by more than the previous year’s increase is a very positive indicator for the 

future of the industry sector.  
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The Index 
The “Index” portion of this VII approach is generated as part of the model output. 
Figure 16 shows actual 
outputs from a similar 
model used by VIPC for 
a Federal Government 
program (with names 
changed), where the 
colors represent the 
contribution of each of 
the four (in this case) 
Key Objectives to the 
overall score for the 
various alternatives.  

The Index is derived directly from the weights assigned to each Key Objective and 
supporting Metric, and then from the values assigned to each Metric based on the 
underlying data. As such, while the Index itself may spur discussion, changes to 
Index rankings and utility scores are effectuated by questioning and updating the 
model assumptions. In this regard the Index is a quantitative, objective 
representation of commonly agreed assumptions and the predictive data 
associated to them. 
 
A specified goal of the VII is to support Commonwealth investment decisions. A 
strong recommendation here is that the Index be used to provide inputs to decision 
processes, but not to replace human judgment. For example, the funding decisions 
based on the Index in Figure 16 did not just pick the top few candidates, but rather 
looked at additional factors such as project diversity and required funding amounts 
to achieve the intended goals of the program. The VII is intended to be informative 
rather than authoritative, and can provide a mechanism for explicit justifications 
for selection of lower ranking alternatives provided by the professional staffs 
involved in those decisions. 
 
An example use of the Model to generate a utility score for the UAS industry sector 
can be found in Appendix D. While informative, the example highlights that these 
utility scores are most valuable when analyzing alternatives; in isolation an 
individual score is difficult to interpret. 

Figure 17 – Example of Decision Model Output as an Index 
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Virginia Innovation Index: 
Next Steps – Model Validation and Usage 

Next Steps 
The next steps necessary for adoption and consistent usage of this evolving VII are 

clear. The Act specifies a number of entities who will review the draft VII and 

provide inputs. Additional distribution and inputs will also be sought, as a means to 

improve the model more quickly. 

Second, a handful of representative industry sectors (three to five) will be analyzed 

using the VII to provide an initial Index baseline. The set of initial sectors may 

include expert recommendations as put forth by VEDP, VASEM or others, existing 

VIPC programs identified in The Act, or others that may be directed. The model will 

be invoked and the results summarized, again for broad review. 

The initial list of VII prioritized sectors will certainly draw comment from people 

disputing the ordering, recommending additional sectors, and questioning the 

methodology. Based on the decision and data science approaches outlined in 

Appendix A and elsewhere the methodology used will be able to withstand 

methodological scrutiny within the bounds of the Framework. Recommendations 

for additional sectors will be considered based on time and resource constraints. 

The areas where the model may be most improved over time are those where a 

prioritized ordering is not consistent with expectations. In these cases there are 

three areas where recommendations are important to the VII evolution: 

 Relative weights for the Key Objectives. Initial weights have been assigned 

based on the data science literature, but opinions will certainly differ 

 The metrics selected to support the Key Objectives. Both the metrics themselves 

and their relative weights have been established based on the literature and 

available information, but these are also candidates to be updated or replaced 

 The data sources used to establish quantitative values for each metric. 

Finally, the VII is best updated on a regular basis, revisiting the model assumptions, 

updating the industry sectors analyzed and providing an ongoing stream of 

information that supports the necessary data-informed decision making.
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Virginia Innovation Index: 
Summary 

Summary 
The Legislature specified that VIPA: 

“Develop the Index…to identify research areas worthy of Commonwealth 

investment in order to promote commercialization and economic development 

efforts in the Commonwealth.” 

This report defines a Virginia Innovation Index that is responsive to that mandate. 

The approach is based on data and decision science research and methodologies. 

It incorporates a set of Key Objectives, each supported by several Metrics that are 

assigned values based on observable data. The Metrics are selected to be predictive 

of economic development opportunities three to five years hence. 

The result of running the model against a list of alternative industry sector 

opportunities is a ranked, quantitative Index. This Index and the supporting 

information deliver a data-informed decision model that can be used to evaluate 

innovation investment opportunities. 

Optimal use of this VII relies on the stakeholders and professional staffs involved in 

the decision-making to apply their best judgment to the Index results in order to 

define executable actions. “Data-informed” means that the model provides 

information but is not intended to be rigidly prescriptive. 

Moving forward, broad feedback from stakeholder communities is required to 

improve the Model. Validation and consensus around the Key Objectives and 

Metrics used, the weights assigned, and the data sources driving Metric values are 

all critical to help this Virginia Innovation Index evolve become a tool optimized to 

support robust economic development decisions for the Commonwealth. 
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Appendix A: 
Data and Decision Science in the VII 

Appendix A: Data and Decision Science in the VII 
Background 

The Virginia Innovation Index is an effort to better inform innovation related 

resource allocation decisions made by the Commonwealth. More specifically, it is 

an effort to leverage the state of the art in data and decision science to provide 

improved predictive insight into the likely outcomes of potential Commonwealth 

investments.   

Several existing Innovation Indexes have been published recently in various 

locations around the world. The Oslo Innovation Index and the European 

Innovation Scorecard assesses countries at the aggregate level. The Global 

Innovation Index also looks at the country level, developing a score using 7 

categories and over 50 measures.  A little closer to home, the Milken Index scores 

and ranks US States in science and technology.  While most of these measures 

indicate that the trend in the Commonwealth is improving, the focus of all of these 

indices is describing the current situation in innovation and technology. Essentially 

they provide a scorecard for prior investment efforts. Products like the Gartner 

Hype Cycle identify where technologies are relative to market entry based on the 

industry maturity curve. These insights are all valuable, but do not address what 

investments and decisions should be made to continue improving in an ever-

changing business environment.   

The kind of insight that decision and data science-based models provide are 

forward looking, and can provide a basis for comparative analysis of various 

options. This is exactly the type of gap that the VII is attempting to fill to support 

the Commonwealth’s innovation related decision making.  

Overview of Decision Science / Modeling 

Decision models don’t make decisions. Rather, they provide a logical, quantitative 

structure for comparing alternative investment / decision strategies.  Structure like 

this helps decision makers and stakeholders avoid common judgmental biases and 

facilitates productive discussion among stakeholders.  
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Appendix A: 
Data and Decision Science in the VII 

Decision science-based models have three major parts:  

 parts that address issues of value,  

 alternatives, and  

 parts that address issues of fact (outcomes) 
  

Issues of value are the set of reasons one cares about the decision in the first place. 

In some of the seminal literature (Keeney, 1992) these parts of the model are 

referred to as fundamental objectives. Fundamental objectives can usually be 

represented in a model hierarchically.  Ideally, the set of fundamental objectives is 

both collectively exhaustive and mutually exclusive.  

A set of objectives that meets these criteria provides a comprehensive and non-

redundant representation of the goals stakeholders are attempting to achieve. In 

practice, this can be very difficult to achieve due to the complexity of the decision 

situations being modeled, and represents an open research question. 

The second component of decision models is a set of alternatives. For a model to 

be logically consistent, alternatives should be of approximately the same size or 

broken into increments of approximately the same size. This helps to ensure that 

alternatives are comparable using a common objective function.  In this case, 

envisioned alternatives are collections of investments in the $1-2M range.   

The third component, addressing outcomes is represented in the model as 

measures (or metrics). These are the projected outcomes that are likely to occur 

should an alternative be implemented. Metrics provide the detail that allow 

alternatives to be compared.  Good metrics are: 

 Relevant - Does it align with core business goals? If you move the number, will it 
result in positive change? 

 Measurable - Is the value subjective? Can you define it? Is it possible to 
technically capture the data? 

 Actionable- Can you do something positive and impactful with the data? 

 Reliable - Is the metric technically robust? Will it be relevant in a year? Can it 
track progress over time? 
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Appendix A: 
Data and Decision Science in the VII 

 Readable- Can it be easily misunderstood? Does it require a lot of context? Could 
it lead to bizarre outcomes? Does it suffer a lag that makes it difficult to evaluate? 

 
For the VII, the incorporated measures are projections of future outcomes. The 
inherent uncertainties in the accuracies of forward-looking data provide the 
connection to data science. 
 
Data Science 
Applied data science involves the use of data analysis techniques to support 
decisions. Data can be either structured or unstructured.  Structured data sources 
incorporated into the VII model include available commercial data sets such as 
PitchBook and Crunchbase. Unstructured data is found in the prior innovation 
studies done in support of the Commonwealth, such as those done by VASEM and 
VEDP.  Because of the wide variety of disparate data sources, as well as the 
significant variations from one industry sector to another, various techniques are 
employed to normalize this data allowing for more direct comparison among 
alternatives. Several of the techniques used in the VII are described below.   
 
Likert Scales – Likert or Likert-type scales provide a method for normalizing highly 
disparate data sets. A typical Likert scale is a 5 or 7-point scale, often used to 
measure individuals attitudes or perceptions from “Strongly Disagree” to “Strongly 
Agree”. For the VII a Likert-type scale from 1 to 5 is used to normalize widely varying 
data. In these cases, the underlying data sets are analyzed for range and 
distribution, and then data ranges are established and correlated to each point on 
the scale. The resulting scores are both quantified and also based on objective data 
rather than personal opinions. The normalization enables direct comparison of data 
sets that have vastly different ranges, intervals, or statistical characteristics. 
 
Ratios – A second method for normalizing data is the use of standard mathematical 
ratios. One metric in the VII for example uses the ratio of advanced degrees in a 
field to the total number of advanced degrees awarded by Virginia universities as 
an indication of the research intensity in a field. A second metric uses the number 
of startups in a field compared to the overall number of startups in the 
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Appendix A: 
Data and Decision Science in the VII 

Commonwealth as a measure of entrepreneurial energy. Normally these two 
metrics would not be directly compared, but the use of ratios puts both on a scale 
of 0 to 1 allowing separation of the score from the weighting for these metrics. 
 
Expert Elicitation – Most experts or long-time practitioners in a field develop 
refined mental models of good performance or good outcomes in the field. 
According to Wikipedia:21 “In science, engineering, and research, expert 
elicitation is the synthesis of opinions of authorities of a subject where there is 
uncertainty due to insufficient data ... Expert elicitation is essentially a scientific 
consensus methodology. It is often used in the study of rare events… Expert 
elicitation generally quantifies uncertainty.  
 
Elicitation as it relates to the VII is used in two areas: the quantification of 
uncertainty in various measures as described above, and in developing consensus 
around the weighting factors used for both Metrics and Key Objectives. In both 
cases a Delphi Method22 will be employed over time.  
 
In the Delphi method, an initial round of expert elicitation from several (or many) 
experts results in a set of scores or judgments, after which the anonymized range 
of results are fed back to the group. Ideally, interaction among the group helps 
highlight differences in opinions, thought processes, or available data. Next, a 
second round of individual scoring occurs where each expert is allowed to change 
their original score based on the additional information. This iterative process can 
then continue for as many rounds as desired or practical. Research and experience 
show this to be an effective method for reaching group consensus, or at least 
narrowing the range of scores to the extent that a midpoint or average score can 
be utilized. 
 
Sensitivity Analysis – The VII produces a ranked index of innovation sector 
opportunities based on the underlying data and the assigned weighting for Metrics 
and Key Objectives. An important question based on this Model output is whether 

                                                             
21 https://en.wikipedia.org/wiki/Expert_elicitation 
22 https://www.investopedia.com/terms/d/delphi-method.asp 
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Data and Decision Science in the VII 

small changes in the underlying data or weightings would produce substantially 
different ordering of the Index results. A sensitivity analysis will be used on each 
set of VII results, varying individual parameters to determine the range of resulting 
changes. This process helps improve the credibility of the results by assuring that 
minor changes do not produce widely varying results. 
 
Taken together these Data and Decision Science approaches result in a Virginia 
Innovation Index that can support Data-Informed Decision-Making. The Model 
outputs still require human judgment as part of the decision making process, but 
the VII provides an objective assessment of potential opportunities and helps move 
the process from one of competing opinions to one based on data and explicitly 
stated assumptions about priorities and values. 
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Appendix B: 
VII Definitions – Key Objectives 

Appendix B: VII Definitions - Key Objectives  
The innovation objectives identified in the VII model are a structured approach to 

convert policy maker’s definitions of innovation into measurable elements. 

Objectives describe what one is attempting to achieve. Well-formed objectives are 

characterized by three key features:  1) a decision context, in this case the 

Commonwealth’s economic ecosystem, 2) an object, in this case innovation and, 3) 

a direction of preference, in this case more is better. 

The economic VII Model has two kinds of objectives: 1) An Overall Objective, and 

2) a set of Fundamental Objectives. (Keeney, 1992).  

The set of VII objectives is organized into a hierarchy (Figure 18). The overall 

objective is identified 

as the Virginia 

Innovation Index. 

Below it in the 

hierarchy is a set of 

five fundamental 

objectives. Ideally, 

these five objectives 

provide a collectively 

exhaustive and non-

redundant description 

of the set of objectives 

that contribute to 

economic innovation. In this case four of the fundamental objectives map directly 

to the stages of the innovation process as described earlier in the report. The fifth 

relates more broadly to the quality of life in the Commonwealth. A more detailed 

description of each of the component objectives using the defining features of 

objectives follows. 

Figure 18 - VII Key Objectives 
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Appendix B: 
VII Definitions – Key Objectives 

Improve Quality of Life 
Context – This goal is an effort to estimate improvements in the quality of life for 

Commonwealth citizens, specifically focused on the individual. 

 Industry – Identifies the variety of factors that impact the quality of life in the 

Commonwealth. For example, an increase in traffic congestion is one factor that 

concerns people as a side effect of economic development. 

 Geography – Different parts of the Commonwealth have differing needs for 

improving their quality of life (i.e. Coastal regions may be concerned about 

flooding, urban areas may be concerned about traffic congestion). 

 Competitiveness - In this context competitiveness refers to the degree to which 

the investment will improve the quality of life or minimize negative impacts as 

a result of investing in a particular industry, industry sector, or vertical. Desirable 

industries could be at any stage of maturity. 

Object – The object of improved quality of life is a safer more enjoyable lifestyle for 

the population of the Commonwealth.  

Direction of Preference – Direction of preference for improved quality of life will 

depend on the specific measures applied (i.e. less job turnover, more indirect jobs). 

Expand / Advance Industry 
Context – Expanding and advancing industry is the stage at which large numbers of 

quality jobs are created for the people of the Commonwealth. Innovation is one of 

many ways this can be accomplished. 

 Industry - Identifies the industry, industry sector(s), or vertical(s) that the 

Expand / Advance Industry investment is intended to support. 

 Geography – Investments should be aligned with geographic areas that have 

the potential to provide the labor for high quality jobs. 

 Competitiveness- In this context competitiveness refers to the degree to which 

the investment will create quality jobs and wealth by investing in a particular 

industry, industry sector, or vertical. Using Gartner’s hype cycle as a point of 
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VII Definitions – Key Objectives 

reference, desirable industries would be nearing the peak of the Gartner hype 

cycle curve, in a growing industry, or in an industry that provides a unique 

benefit to the Commonwealth. 

Object – The object of Expanding and Advancing Industry is the creation of quality 

jobs and wealth for the population of the Commonwealth.  

Direction of Preference – Increases in the number of quality jobs is desired. 

Increase R&D Activity   
Context - Often the beginning of the innovation process is research and 

development activity executed inside the Commonwealth. This objective assesses 

the marginal contribution an additional investment in R&D activity will make to the 

likely future success of that potential area of innovation. An important factor here 

is that a portion of the R&D activity that feeds innovation occurs in and around the 

Commonwealth’s universities.  

 Industry – What industry, industry sector, or vertical is the research investment 

intended to support. 

 Geography – As stated above, universities and their surrounding areas tend to 

be focal points of R&D activity. Additional focal points are Federal Government 

R&D investments and activity around military installations, NASA facilities, and 

similar. 

 Competitiveness – In this context competitiveness refers to the degree to which 

the investment will impact the competitiveness of Virginia’s R&D enterprise in 

the industry, industry sector, or vertical. Using Gartner’s hype cycle as a point 

of reference, these sectors would normally either be in early formative stages 

and not separately identified, or quite early in the hype cycle. 

Object – The object of R&D is the creation of artifacts that provide the foundation 

for innovation.  These include patents, copyrights, and published scientific papers. 

Direction of Preference – Increases in the numbers of R&D artifacts, all of which 

may not be created equal, are preferred. 
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Stimulate Entrepreneurial Energy  
Context – Entrepreneurial energy is the fuel that drives the growth of an innovation 

ecosystem. In the Commonwealth there are many incubators and accelerators 

focused on supporting early-stage companies and aspiring entrepreneurs.  

Additionally, there are Commonwealth funded grant and loan programs focused 

on supporting entrepreneurs. 

 Industry – Identify the industry, industry sector(s), or verticals that the 

investments in Entrepreneurial Energy support. In the case of the Innovation 

Index, sectors that produce “quality jobs” would be preferred. 

 Geography – The commonwealth has a broad collection of accelerators and 

incubators spread throughout the Commonwealth to support stimulation of 

entrepreneurial energy. Focus areas for these investments should align 

geographically (e.g. Commercial fishing innovation should go along the coast) 

and with regional strengths and assets. 

 Competitiveness – In this context competitiveness refers to the degree to which 

the investment will impact the competitiveness of Virginia’s entrepreneurial 

ecosystem in a particular industry, industry sector, or vertical. Using Gartner’s 

hype cycle as a point of reference, these sectors would normally be early in a 

hype cycle that has a steep positive growth projection. 

Object – The object of 

stimulating the entrepreneurial 

ecosystem is the creation of 

companies with significant 

growth potential, ultimately 

creating high quality jobs in the 

Commonwealth. Data23 show 

that significant job creation 

                                                             
23 https://www.kauffman.org/entrepreneurship/reports/firm-formation-and-growth-series/the-importance-of-
startups-in-job-creation-and-job-destruction/ 

Figure 19 - Net Job Creation By Early Stage Companies 
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comes from early-stage companies; some interpretations24 dispute the degree to 

which this is the case.  

Direction of Preference – Increases in the number and connectivity of companies 

with high growth potential is preferred. 

Support Technology Development and Commercialization  
Context – Technology development and commercialization is the pivotal stage of 

the innovation process.  It is the place where ideas begin to significantly impact the 

market and initiate change.  

 Industry – Identifies the industry, industry sector(s), or vertical(s) the 

Technology Development and Commercialization investment is intended to 

support. 

 Geography – Early-stage companies are located throughout the 

Commonwealth. Focus areas for these investments should align geographically 

(e.g. Commercial fishing innovation should go along the coast), and with 

growing ecosystems and regional strengths and assets. 

 Competitiveness- In this context competitiveness refers to the degree to which 

the investment will impact the growth of early-stage companies in a particular 

industry, industry sector, or vertical. Using Gartner’s hype cycle as a point of 

reference, desirable industries would be moving up the rapid growth phase of 

the Gartner hype cycle curve, or contribute to an industry that provides a unique 

benefit to the Commonwealth. 

Object – The object of investment in technology development and 

commercialization is the advancement of companies with significant growth 

potential, stimulating venture stage investment that further spurs the growth of 

the company.  

Direction of Preference – Increases in the number of companies and amount of 

commercial investment measured in dollars is preferred. 

                                                             
24 https://thereader.mitpress.mit.edu/small-business-job-creation-myth/ 
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Key Objectives Weights 
Quantitative models like the VII normalize the quantitative input and assign weights 

to the constituent objectives so that the combination of measures and objectives 

reside on the same scale, in this case summing to 1. These weights should reflect 

two things: 1) the relative importance of the objective in the context of the decision 

being supported, and 2) the amount of movement (impact) the alternatives under 

consideration will have on the projected outcomes. The weights below (Figure 20) 

are initial values that reflect the best judgment of the VII modeling team, using 

accepted techniques from the decision science literature. (Edwards & Barron, 

1994).  

Objective Model Weight 

Support Technology Development and Commercialization .45 

Stimulate Entrepreneurial Energy .27 

Increase R&D Activity .15 

Improve Quality of Life .09 

Expand / Advance Industry .04 
Figure 20 - Initial Key Objectives Weighting Factors 

These weights are a starting point and a point for future discussion, not a final 

recommendation.  Although weights are important in decision models like these, 

sensitivity analysis is always conducted to show the effect of weights on the final 

order of alternatives.  Any analysis conducted will include the sensitivity analysis of 

the final weights. 

 

 

  



 

 34 

Appendix C: 
VII Definitions – Individual Metrics 

Appendix C: Individual Metrics Definitions 
Each metric helps to define and score the features of importance for the associated 

Key Objective. The metrics are listed below by objective, and indicate the 

associated data source and scoring scale. 

Quality of Life 
This measure seeks to capture the sector specific metrics which demonstrate the 

potential for improvement in quality of life within affected areas of Virginia.  

Specifically community resilience, as measured by the average weekly wage by 

sector, and the Population migration as measured by the Job Turnover by sector 

both measure direct effects on individuals. Additionally, the expectation of indirect 

and induced jobs is a measure of the second and third order effects of additional 

jobs gained to support the candidate sector’s direct job growth.  

 Average weekly wage within sector.  

o Source: Virginia’s Career and Workforce Labor Market Information. 

o 1-5 scale (1 low weekly wage within sector, 5 very high weekly wage 

within sector), higher is better. 

 Number of indirect/induced jobs created by sector. 

o Source: Brookings, expert elicitation. 

o 1-5 scale (1 no indirect/induced jobs created by sector, 5 very high 

indirect/induced jobs created by sector), higher is better. 

 Job turnover by sector 

o Source: Virginia’s Career and Workforce Labor Market Information. 

o 1-5 scale (1 very high turnover in sector, 5 no job turnover in sector), 

lower turnover, higher score is better. 
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Expand/Advance Industry  
These metrics will measure the potential for an investment to grow and/or expand 

an industry sector.  This may take the form of job growth, infrastructure growth or 

growth in the overall market size. Additionally, the sector may allow Virginia 

companies to increase market share. The candidate opportunity should have a 

reasonable, sector specific projection for job growth.  The actual metric may be 

sector-specific; some examples are shown below.   

 Projected job growth in 5 years. 

o Source: Bureau of Labor Statistics – industry codes translation to CIP 

codes of students enrolled in education, elicitation. 

o 1-5 scale (1 no job growth in sector, 5 very high job growth in sector), 

higher is better. 

 Sector specific infrastructure growth measure (see examples below).  

o Source: Statista  

o 1-5 scale (1 no growth in sector, 5 very high growth in sector), higher 

is better. 

Examples of sector specific infrastructure growth measures (examples drawn from 

the 2021 Key Strategies to Position Virginia for Leadership in Areas of Critical 

National Challenge, Sep 2021): 

 

 Market size of sector. 

o Source: Gartner, Pitchbook, expert elicitation. 

o 1-5 scale (1 market size in sector, 5 very high market size in sector), 

higher is better. 
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R&D Activity 
This measure explores the existing R&D activity in a candidate sector.  Increased 

R&D activity supports development of a sector and is predictive of future product 

offerings in a market.  The metrics chosen are the ratio of advanced degrees 

(masters and PhDs) to total employees in a sector, with more advanced degrees 

implying higher levels of R&D in that sector.  Additionally, the number of patents 

granted in a sector is also a good measure of the level of R&D. 

 Ratio of advanced degrees to total employees within a sector. 

o Source: Virginia’s Career and Workforce Labor Market Information. 

o 0-1 score, higher ratio better. 

 Level of patents published in this sector. 

o Source:  United States Patent and Trademark Office, expert elicitation. 

o 1-5 scale (1 no patents in sector, 5 very high number of patents in 

sector), higher is better. 

Entrepreneurial Energy 
Two main qualities consistently stand out in fertile environments for 

entrepreneurial energy to exist and ventures to succeed.  Connectivity involves 

sufficient startups in a sector, connected by entities such as incubators or 

accelerators to allow entrepreneurs to interact with one another and help each 

other solve problems particular to their sector.  Additionally, density is a measure 

of the concentration of startups in an individual sector versus the overall number 

in the Commonwealth, indicating higher availability of critical shared resources like 

educated/trained personnel, and other sector-specific resources.25 

 Number of companies in sector in accelerators/incubators (connectivity).   

o Source: Pitchbook, expert elicitation. 

o 1-5 scale (1 no sector companies, 5 very high # sector companies), 

higher is better. 

                                                             
25 Taich, Caroline, Merissa Piazza, Kara Carter, and Alexa Wilcox. "Measuring entrepreneurial ecosystems." (2016): 
https://engagedscholarship.csuohio.edu/urban_facpub/1452/.  Accessed 9 November 2021. 

about:blank
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 Ratio of number of startups in sector over total startups in state (density).  

o Source: Pitchbook, expert elicitation. 

o 0-1 score, higher density better. 

Technology Development and Commercialization 
This objective seeks to measure a candidate alternative’s technology development 

maturity and potential for commercialization. The maturity of the technology is 

measured in conjunction with the Gartner Hype Cycle and expert elicitation to 

determine where the technology is in terms of prospects for future investment.  

Additionally, the number of firms within a sector, and within Virginia already, allow 

for a stronger base to support the commercialization of the technology.  The more 

firms there are, the more talent and resources can migrate between the firms 

without leaving Virginia to continue work. 

 Maturity of Technology. 

o Source: Gartner’s Hype Cycle, expert elicitation. 

o 1-5 scale (1 technology maturity not conducive for commercialization, 

5 technology maturity in sector very highly conducive to 

commercialization), higher is better. 

 Number of firms in sector and in Virginia already. 

o Source: Virginia’s Career and Workforce Labor Market Information, 

Pitchbook. 

o 1-5 scale (1 no firms in sector, 5 very high firms in sector), higher is 

better. 
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Appendix D: Uncrewed Aerial Systems Use Case Example 
To illustrate the index, objectives, and metrics, and their application to emerging 

technologies this Appendix characterizes one use case example of a successful 

technology sector evolution. The Uncrewed Aerial Systems (UAS) Use Case 

represents a maturing technology moving toward stability in the Hype Cycle graph.  

The use case utilized a retrospective approach, looking at data available in 2018 for 

the nascent UAS industry. The analysis compared a baseline case of projected 

growth with no additional investment to a growth projection based on a $1M/year 

investment in the industry (in line with current Commonwealth budgets). The 

increase in the predicted overall Utility score resulting from this investment was 

substantial as shown in Figure 21, and that projection has been borne out by the 

subsequent growth of the industry in the Commonwealth. Assessing multiple 

industry sectors in parallel would indicate how well this particular projection 

compared to projections of other industry investment opportunities. 

 

Figure 21 - VII Retrospective Assessment of UAS Industry 

In developing this utility score the analysis utilized the VII Model described in this 

report. The weights assigned to the five Key Objectives and to their supporting 

metrics are shown in Figure 22. Figure 23 indicates the data-supported score for 

each of the related Metrics in the VII Model for this sector.  
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Figure 22 - VII Model Weights Applied to UAS Use Case 
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Innovation Area Metric Measure (Score) 

Entrepreneurial 
Energy 

Connectivity: Number of companies 
in UAS in accelerator or incubator  

3 (0.6) 

 Density: Ratio of number of startups 
in UAS over total startups in state 

0.16 

Expand/Advance 
Industry  

Projected UAS job growth 4 (0.8) 

 UAS infrastructure growth measure 3 (0.6) 

 Market Size 3 (0.6) 

Quality of Life Average weekly wage for UAS jobs.  3 (0.6) 

 Number of indirect/induced jobs 
created by UAS direct employment. 

3 (0.6) 

 Job turnover in UAS 
 

2 (0.4) 

R&D Activity Ratio of advanced degrees (master+ 
PhD) over the total UAS employees. 

3 (0.6) 

 Level of patents published in this 
sector. 

4 (0.8) 

Technology 
Development and 
Commercialization 

Maturity of UAS 4 (0.8) 

 Number of firms in sector and in 
Virginia already. 

4 (0.8) 

Figure 23 - Base Scores for Each Metric Roll Up To the Index Score 

The remainder of this Appendix provides example data and illustrates types of 

analysis used to aid in the development of scores for each of the underlying metrics. 
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UAS Market Macro-Economic Assessment 

At the macro-economic level, capital investment for various industry verticals26 is 

summarized in Figure 24. The information illustrates the types of indicators that 

are available today for market characterization, in this case showing about $30B 

overall investment in “Robotics and Drones”. In the VII these indicators are used to 

provide context for decision making regarding innovation investments at different 

levels. With these measures as a backdrop, expert elicitations from government, 

academic, and industry experts will support future projections. 

 

Figure 24 - Relative Size of Overall UAS Industry Capital Investment 

 

 

                                                             
26 Source: Pitchbook, Accessed 18 Nov 2021, https://my.pitchbook.com/search-results/s122950496/overview_tab 
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Uncrewed Aerial Systems Industry Sectors 

Uncrewed Aerial Systems (UAS) are defined as aircraft without a pilot aboard, and 

the related equipment to control it remotely. This core technology is already 

facilitating growth and innovation in a number of industry sectors within the overall 

market. The Gartner Hype Cycle descriptions27 of core technology developments 

and their applications can be found at a number of different stages.  

 

Figure 25 - Overall Drone Market Supports Many Industry Sectors 

Virginia has demonstrated an effective early mover advantage in promoting and 

establishing infrastructure that enables research, development, commercialization 

and operation in support of emerging UAS innovations. In addition to specific 

                                                             
27 Source: https://www.rokin.tech/post/inspired-by-nature-3-examples-of-bionic-gripper-technologies 
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innovation funding within the sector, the Commonwealth has built one of only a 

few approved UAS test sites, and that has attracted significant federal research. As 

a result of its technical prowess, Virginia now ranks 5th in the nation for drone 

operations28. In terms of specific deals related to UAS, Pitchbook29 summarizes 

Virginia’s Companies deals in this sector as follows: 

Figure 26 - Virginia Drone Companies Are Well Positioned 

Virginia companies have raised more than $100M of drone and robotics 

investments in preparation for capturing a share of the projected global growth in 

the UAS industry. These macro-economic factors indicate that the UAS industry is 

a good candidate for Commonwealth innovation investment.  

 

                                                             
28 https://www.freightwaves.com/news/the-best-states-for-drone-delivery Mercatus Center, March 2021. 
29 Source: Pitchbook, Accessed 18 Nov 2021, https://my.pitchbook.com/search-results/s122951245/market_map 

about:blank
about:blank
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Key Objective - R&D Activity 

This measure reflects the existing R&D activity that is already established for the 

UAS sector. Selected metrics include the ratio of advanced degrees (in this case 

masters and PhDs in Aerospace Engineering) to total UAS sector employees. The 

number of advanced degrees required by the sector are an indicator of the 

supported level of R&D.  Separately, the number of patents granted in the sector is 

also a good measure of the level of R&D activity in the sector. 

Ratio of advanced degrees (master+ PhD) over the total employees within sector30 

Academic Year Advanced Degrees 
(Estimated) 

Ratio 
#Employees =  2025 

2020-2021 325 0.16 

Figure 27 - Advanced Degree Ratio as R&D Activity Metric 

Level of patents published in this sector 

After conversations with Virginia’s representatives to the Mid-Atlantic Aviation 

Partnership, suggested key words were used to locate patents related to the UAS 

industry in the US Patent and Trademark Office (USPTO) database31. Interactive 

queries led to information presented in Figure 28, and can be extended as the field 

develops over time. For example, an emerging technology area may focus on 

physics and engineering of componentry, and as technology matures systems 

issues become important. This may be reflected in the data below, as well as 

possible latency 

in the indexing 

of information 

at USPTO.  

  

                                                             
30 Sources: SCHEV Database, https://research.schev.edu/info/Reports.Guide-to-the-Degrees-Awarded-Reports ;        
Virginia’s Career and Workforce Labor Market Information 
31 https://patft.uspto.gov/netahtml/PTO/search-adv.htm 

Figure 28 - Illustrative Example of Patent Level Metric 
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Key Objective - Entrepreneurial Energy 
Virginia startups in UAS industries benefit from the Mid-Atlantic Aviation 

Partnership, as well as state innovation investments. Involvement in incubator or 

accelerator activities enable UAS entrepreneurs to talk to one another and help 

each other solve those particular problems within their sector.  Such enabling 

activities and resources have led to a significant advantage for Virginia companies 

involved in UAS innovation as exemplified by the Virginia Unmanned Systems 

Center32. A review of the Directory of Virginia companies participating in the 

unmanned systems economy is approximately 206. 

The measures of entrepreneurial energy for VII are characterized in terms of 

connectivity and density metrics. Connectivity Density is a measure of the number 

of startups in that sector to allow for shared resources like educated/trained 

personnel, and other resources specific to that sector.

Ratio of number of startups in sector over total startups in state (density)  

This ratio over time may be predictive of a maturing industry, with startup 

companies generally maturing in 5-7 years. The peak ratio in 2020 may thus 

represent a maturing industry in 2025; this correlation remains to be validated. 

Year UAS Related 
Startups 

Total Virginia 
Startups 

Density 
(x100) 

2021 2 159 1.258 

2020 2 104 1.923 

2019 1 104 0.962 

2018 1 87 1.15 
Figure 29 - Startup Density Metric 

Number of companies in sector in accelerator or incubator (connectivity33)   

Year Accelerator/Incubator Connectivity 

2021 124 3 

                                                             
32 Virginia Unmanned Systems Center at VIPC, https://www.vus.virginia.gov/virginia-unmanned-systems-center/ 
33 The Connectivity score here is based on an expert judgment, where 3 represents a median Likert score 
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Key Objective - Technology Development and Commercialization 

This metric reflects opportunities for technology development and related 

potential for commercialization of UAS technologies. The maturity of the UAS 

technology is indicated in the Gartner Hype Cycle for Drones and Mobile Robots, 

last updated in 2019, alongside expert elicitation to determine prospects for future 

investment. Additionally, the number of firms within that sector, and within 

Virginia already, indicate the innovation base available to support the 

commercialization of UAS technology.   

Maturity of Technology 

Figure 25, The Gartner Hype Cycle for Drones and Mobile Robots, 2019, indicates 

that commercial drones will reach the plateau of productivity34 in 2 to 5 years. 

Given that this forecast was made two years ago, this core ingredient of the UAS 

ecosystem is reaching a productive level of maturity for the 206 firms, as identified 

by the Virginia Unmanned Systems Center, now well prepared to actualize 

emerging business opportunities.  

Number of firms in sector and in Virginia already 

The Virginia Unmanned Systems Center, hosted at the Virginia Innovative 

Partnership Corporation, reports that 206 firms are established and ready to 

support UAS business models.   

Key Objective - Expand/Advance Industry  

There should be an expectation that there is growth possible within the alternative.  

These metrics will measure an alternative’s potential to grow and/or expand the 

industry.  This takes the form of job growth, infrastructure growth, or market size 

conducive to growth of the alternative.  Additionally, depending upon the sector, 

there are sector specific metrics to measure the amount of infrastructure growth 

projected.  The actual metric might be determined based on the alternative, with 
                                                             
34 https://www.gartner.com/en/documents/3887767/understanding-gartner-s-hype-cycles 
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some examples shown below.  Finally, there should be a right sized market for the 

alternative which allows for an increase in capturing the available market. 

Projected job growth in 9 years 

The Bureau of Labor Statistics (BLS) projects a total of 5200 UAS related jobs to be 

created by 2029 in the US across professional and technician job categories to be 

added based on their latest estimates35. One indicator that can be used to 

understand future job growth involves a translation from the US Census North 

American Industry Classification System (NAICS) codes to Standard Occupational 

Codes and then examining the pipeline of students preparing to meet the demand 

of future job growth. The following table36 was derived from an examination of job 

classifications and academic areas of major concentration.  

Standard Occupational Classification 
(SOC) Code 

BLS 9 Year Job 
Growth 

Projection 

SCHEV Enrollment 
Data (2021) 

Aerospace engineering and 
operations technologists/technicians 

1200 1310 

Aerospace Engineer 4000 
1075 

 
Figure 30 - Workforce Availability for Projected Job Growth 

Sector specific infrastructure growth measure 

Economic forecasts from leading sources indicate that the UAS markets will 

continue to grow for the next 5 years and will be driven by increasing integration 

of machine learning, fast processors, and advanced computing methods that will 

translate new technical capability into UAS markets.37 Combined markets for 

autonomous vehicles create tremendous opportunities for Virginia, with estimates 

                                                             
35 https://www.bls.gov/emp/tables/occupational-projections-and-characteristics.htm 
36 Sources: Bureau of Labor Statistics Occupational Projections, https://www.bls.gov/emp/ 
     SCHEV Enrollment Data, https://research.schev.edu//enrollment/E16_Report.asp 
37 https://www.globenewswire.com/en/news-release/2021/09/07/2292615/0/en/Unmanned-Aerial-Vehicle-UAV-
Market-Size-to-Hit-US-36-Bn-by-2030.html 

about:blank
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exceeding $560B for the US. Autonomous Aircraft represent a little less than a $24B 

market out of $43B worldwide38. Revenue growth is projected to experience similar 

trends. The patterns of growth depicted here demand the Virginia continue to 

maintain  investment, sector health and technical readiness in order to lead UAS 

market shares over the next 5 years. 

 

Figure 31 - Rapid Growth Projections for the Autonomous Aircraft Industry 

                                                             
38 Source: Pitchbook, Accessed 17 Nov 2021, https://my.pitchbook.com/market-size-estimates/156895 
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Key Objective - Quality of Life 

This measure seeks to capture the sector specific metrics which demonstrate the 

potential for improvement in quality of life within affected areas of Virginia.  

Specifically, community resilience as measured by the average weekly wage by 

sector, and population migration as measured by the Job Turnover by sector both 

measure direct effects on individuals. Additionally, the expectation of indirect and 

induced jobs is a measure of the second and third order effects of additional jobs 

gained to support the candidate sector’s direct job growth. 

Average weekly wage within sector  

There are two primary categories of labor associated with UAS that are reflected in 

occupational forecasts as indicated in the Figure39. However there is additional job 

affiliation in computer science and engineering that are not yet differentiated with 

the data sets available to date; these affiliated categories are likely to add 

additional higher wage categories to those indicated here.  

Occupational Category Annual Salary 
Low 

Annual Salary 
Mid 

Annual Salary 
High 

Aerospace Engineering $82,000 $128,000 $170,000 

Aerospace engineering and 
operations technologists 

and technicians 
$24,000 $64,000 $138,000 

 

Number of indirect/induced jobs created by sector 

When direct investment in innovation jobs occurs, additional jobs are created that 

are indirect, and associated with support to innovation through infrastructure or 

relevant business services. Many of the additional jobs that are created are in the 

service sector, supported by disposable income that results from the innovation 

                                                             
39 Sources: https://www.careerexplorer.com/careers/aerospace-engineer/salary/virginia/  
https://www.ziprecruiter.com/Salaries/Aerospace-Engineering-Technician-Salary--in-Virginia 
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economy. A refined model will need to be computed for Virginia in 2021, however 

based on a survey of similar sized economies and past studies a multiplier of 2X is 

assumed here for the UAS sector. This will result in the following indirect and 

induced jobs40, using the BLS 2009 forecast.  

Standard Occupational Classification (SOC) Code Indirect and Induced Job 
Creation 

Aerospace engineering and operations 
technologists and technicians 

2400 

Aerospace Engineer 8000 

 

Job turnover by sector 

Virginia’s Career and Workforce Labor Market Information is the source for 

information regarding job turnover in the UAS sector. At the time of this draft, 

relevant information was not available, however turnover is an indication of the 

stability of the sector in terms of both commercialization and the “stickiness” of 

jobs within the state. During the recent pandemic, remote jobs have become far 

more commonplace, and location of job performance will be important to measure 

with recent data sets.  

 

  

                                                             
40 Source: https://research.upjohn.org/cgi/viewcontent.cgi?article=1319&context=up_workingpapers 
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