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Abstract
Research on regional entrepreneurial ecosystems suffers
from a reliance on outdated data sources and data collection systems that lack innovation. Three main challenges exist: first, research on entrepreneurial regions
has traditionally relied on macro-level data sources; second, functional boundaries of entrepreneurship within a
region are poorly defined; and third, limited data exists
on the individuals who create entrepreneurial firms. Additionally, social factors, regional idiosyncrasies, and
dynamic processes influence entrepreneurship but are
not typically accounted for in data-driven research. We
have focused our research efforts on entrepreneurship
within the Research Triangle Park (RTP) region of North
Carolina. We have approached our research through detailed analysis of granular, integrated, time-series data
on individual companies and the social, geographic,
economic, political, and institutional factors that influ-

ence entrepreneurship. To enable our efforts, we have
created a unique database and data system—Triangle
Genesis Data System—that contains more than 50 years
of data captured from greater than 30 distinct data sources on approximately 4500 companies in the RTP region.
Our data system addresses major data science challenges related to data curation, management, integration,
visualization, and governance. Herein, we describe our
experience with the research, development, deployment, and testing of the Triangle Genesis Data System.
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I. Introduction

Triangle Park (RTP). RTP was conceived as a 6900-acre
campus with a unique postal zip code [2], i.e., a clearly defined geographical space. The RTP region is home
to a diverse population of technology firms. In particular, the RTP region has established itself as a hotbed of
entrepreneurship in the biotechnology sector [3]. Large
multinational companies (e.g., IBM, GlaxoSmithKline,
Cisco Systems) and a small group of incubated startup firms reside within the main RTP campus. However, the majority of RTP’s entrepreneurial companies
are located in small communities adjacent to the main
RTP campus, due to restrictive land use covenants within the main campus. This complicates detailed study
of entrepreneurship within the region, particularly
when granular geographic data on small surrounding
communities are suppressed by governmental entities
in order to protect confidentiality. Yet, consideration
of a wider region is equally complicated because the
State of North Carolina considers RTP as a 13-county
planning region that covers a much larger geographical area, extending all the way to the Virginia border.
Government-issued aggregated data on the larger RTP
region are then difficult to interpret and not representative of the micro-geography of counties more closely connected to activities within RTP. Moreover, RTP’s
anchoring universities and surrounding governmental
laboratories (e.g., National Institute for Environmental
Health Sciences, Environmental Protection Agency)
influence the functional boundaries of the RTP region.

Entrepreneurship involves the commercialization of a
new idea or creative concept. Yet, research on entrepreneurship often relies on outdated data sources or data
collection systems that are anything but innovative. As a
result, research on entrepreneurial ventures, especially research on regional entrepreneurial ecosystems, obscures
the full range of factors contributing to firm formation
and success. Theoretically, the field of entrepreneurial
studies has advanced to recognize the essential contribution of multiple regional actors, support programs, and
inter-firm interdependences in shaping entrepreneurial
opportunity and advancement. For empirical research to
stay in step with these theoretical insights, new approaches to data collection and curation are needed. Progress
on this front not only holds promise for further entrepreneurial development, but can enable policy-makers and
practitioners to identify and target gaps in existing business support, with the goal of supporting and strengthening elements of their regional entrepreneurial ecosystem.
Three main challenges exist with the available data
sources and current data collection approaches used by
businesses and government; these challenges highlight
opportunities for the creation of a more robust and flexible data infrastructure. First, research on entrepreneurial regions has traditionally relied on macro-level data
sources such as publicly available company information
(e.g., dates of incorporation) and governmental records
(e.g., geographical regions as defined by the U.S. Census Bureau). Research in regional economics has long
defined regions as the constituent organizations within
a map-defined geographical space [1]. This narrow focus ignores the vast majority of social factors, regional idiosyncrasies, and dynamic processes that influence entrepreneurship and other outcomes of interest.

A third, final challenge relates to limited use of details on the individuals who create entrepreneurial
firms, be that founders or influential dealmakers. Individuals are important players in the regional economy
but are often studied in isolation from their firms and
from the institutional supports within a region. Social networks and social capital are best measured at
the individual level—after all, connections are likely
to be personal and more meaningfully observed when
considering connections between individuals. Firms
are started by teams of individual entrepreneurs, with
heterogeneous characteristics and backgrounds that
affect the outcomes of their firms and their use of external resources. No examination of an entrepreneurial
regional economy is complete without consideration
of the individuals who create entrepreneurial firms.

Moreover, attempts to overcome this limitation have relied on resource-intensive, manual curation of data from
unstructured data sources such as annual reports. While
traditional approaches to the study of regional economics
remain useful, the wealth of new data sources, including
digital news feeds and other social media data, as well
as the development of new analytic and visualization
techniques, provide an opportunity to create micro-level, time-series data to enable detailed study of the many
dynamic processes that influence regional economies.

Additional factors are known to impact entrepreneurship
in regional economies such as RTP, but are rarely accounted for in data-driven research. For instance, transportation routes and modes and land usage agreements
exert a major influence on company location [4–5]. Com-

A second, related challenge stems from poorly defined
functional boundaries of entrepreneurship within a region. An illustrative example exists within our own
study region in North Carolina, specifically, Research
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high-accuracy approach industry-forensics. We have
coupled this approach with a flexible, robust, web-enabled cyberinfrastructure for data storage and visualization and automation and expansion of our processes and
capabilities. This unique database and data system—the
Triangle Genesis Data System—contains more than 50
years of data captured from greater than 30 distinct data
sources on approximately 4500 companies in the RTP
region, including company names and focus areas, founders, executives, funding sources, patents, and business-related events such as IPOs, investments, layoffs, and
closings. The data system includes a web-based curation
system, flexible reporting tools, advanced visualization
capabilities, and a public website. This paper describes
our experience with the research, development, deployment, and testing of the Triangle Genesis Data System.

panies often are motivated to locate near other companies with similar markets and access to employees with
a defined skill set [6]. Small companies may co-locate
in multi-tenant buildings or industrial parks and thus
may remain invisible when only aggregated data are
available on large administrative units [7]. Moreover,
the functional boundaries of a region are dynamic and
may expand and contract over time due to serendipitous
and largely unpredictable economic, social, and political events [8]. In technology-driven regional economies,
such as RTP, companies often offer next-generation,
cutting-edge products and services that can be difficult
to classify due to a lack of standard terminologies [9].
An additional complexity is the variation in company
genesis, with companies originating from research institutions [5,10], as spawns from existing established
companies [3,11], or through one-time investments
by venture capitalists or governmental entities. Once
started, companies remain dynamic and benefit from a
range of external programs and support from different
organizations. Moreover, firms often close, merge, or
are acquired—important events that are rarely considered by researchers who study entrepreneurship [12].

II. Materials and Methods
II. A. Data Science Challenges Faced by
the Triangle Genesis Project Team
Data collection benefited from earlier efforts by Dr.
Bill Little, who began to study technology-oriented entrepreneurial companies in RTP in the 1990s.
Those initial data were contained in an early database
that contained information on 117 companies. The database has since been expanded by MPF and NJL and
currently contains data on greater than 4200 companies. The Feldman-Lowe database focuses on technology-intensive companies, defined as companies that
develop products and services in the life sciences, information science and communication, gaming, nanotechnology and other emerging technology sectors.
Current primary data sources are listed in Table 1.

Given these three main challenges in data collection
and curation, as well as the additional factors that influence regional entrepreneurship, we set out to build
comprehensive data on entrepreneurial firms in order
to better understand the changing entrepreneurial development and impact of North Carolina’s RTP region.
Our singular focus on the RTP region has allowed us
to conduct in-depth data collection and analysis of the
many regional factors involved in entrepreneurship,
with the goal of creating a general model for comprehensive approaches to the study of regional economies around the globe, including other fast-growing innovative U.S. regions such as Austin, Seattle,
and San Diego, in addition to early regional pioneers
such as Silicon Valley and Boston’s Route 128 [13].

Some of these are freely available (e.g., U.S. Food and
Drug Administration data), whereas others require a subscription (e.g., Thomasnet.com®). In addition to serving
as a data source, the primary data sources also are used to
determine whether to include a company in the database,
with the criteria being three mentions in the primary
sources. Secondary data sources are used to provide detailed information about the company and include company websites, annual reports, newspaper articles, trade
magazines, press releases, and social networking sites.

Our Triangle Genesis project aims to achieve comprehensive insight into the temporal dynamics and multiple
features influencing regional entrepreneurship through
detailed analysis of granular, integrated, time-series
data on individual companies and the many social,
geographic, economic, political, and institutional factors that define the functional boundaries of a region.
Members of our research team (MPF and NJL) have
developed an approach of manual extraction and curation of social science data from multiple structured
and unstructured information sources. They term this

With the growth of the database and the desire to take
advantage of today’s wealth of big data and advanced
analytic and visualization capabilities, the Triangle Genesis research team (led by authors MPF, NJL) realized
the need to establish a collaboration with a technical
3

al regards: (1) incapacity to support a growing
number of data fields (Access sets a maximum of
255 fields); (2) lack of sophisticated integration
tools; (3) incompatibility of the existing system
with newer versions of Windows; (4) inability to support simultaneous access by multiple
users (Access only supports sequential use by
individual users); and (5) insufficient security.
Data visualization: The current data system did
not allow for dynamic visual displays of the data
by firm, geographic region, and other relevant
factors. This limitation was hindering both data
analysis and the research team’s ability to securely share the data with potential collaborators,
research funders, and economic policy makers.

Table 1: Triangle Genesis: primary data sources, type of data elements
available through each sources, and availability of each source.

team with expertise in cyberinfrastructure, analytics,
and visualization (led by authors OK, ST, CPS). From
the outset of the collaboration, the research and technical teams have worked together to conduct a needs
assessment and identify the challenges that are hindering our research efforts, as well as potential solutions. The initial needs assessment took place from
October 2014 through December 2014. Several specific data science challenges were identified during
this period (described below and listed in Table 2):
Data curation: The growth in the number of available
data sources created resource challenges related to the
research team’s industrial forensics approach to curation, which involves manual identification of relevant
data sources, extraction of data by a primary reviewer,
and thorough fact-checking by a secondary reviewer.
Data integration: The availability of multiple data
sources created challenges in data integration due
to the wide variability in structure and standardization among the data sources, which range from
standardized and vetted governmental databases
to completely unstructured social networking data.

Data governance: Over time, the Triangle Genesis project had become more nationally recognized, and the research team was receiving an
increasing number of requests for access to the
data. This challenge presented both an opportunity to establish new collaborations and an obstacle, in terms of the development of appropriate
policies and secure mechanisms for data sharing.
Data Science Challenge

Solution

Data curation

Automate aspects of the data
search and extraction process

Data management

Migrate from Microsoft
Access platform to web-enabled SQL platform

Data integration

Migrate from Microsoft
Access platform to web-enabled SQL platform;
incorporate additional custon
software for data integration

Data visualization

Implement a web-based
infrastructure to support
advanced visual analytics

Data governance

Embed automated, policy-based access and reporting capabilities

Table 2: Triangle Genesis: data science challenges and
planned solutions.

Data management: The existing Microsoft Access database and associated software were insufficient in sever4

II. B. Design, Development, Deployment, and
Testing of Triangle Genesis Data System

(RDBMS) is used for data management and storage.
The database is structured around two main entities:
companies and founders. Company data include company name and address, year established, sector and
technology, company events (e.g., funding awarded,
liquidity events), annual employee counts, and institutional supports (e.g., university affiliation, incubation
services). Founder data include founder’s full name,
education history, work history, and connections to
other companies (e.g., founder or co-founder of another company). The company and founder data are
linked via a relational schema in order to allow users to explore the rich relationships among entities.

Owing to the expertise of the technical team and the efficient, regular communication between the technical and
research teams, the design, development, deployment,
and testing process for the Triangle Genesis Data System
proceeded quickly, with few surprising twists. During
the two-month needs assessment period, the technical
team outlined potential solutions (Table 2). The technical
team decided to automate several aspects of the manual
data search and curation process, thereby reducing the
manpower burden. Data management challenges would
be overcome by migrating from a Microsoft Access platform to a web-enabled, Microsoft SQL platform. Of note,
the technical team had previously been tasked with this
type of migration as a result of their work on other projects and hence had considerable experience (e.g., [14]).
Data integration challenges were addressed through
SQL-associated tools and additional custom software
that was developed by the technical team. Data reporting challenges would be overcome by establishing levels of access for different users and embedding
a web-accessed, policy-based reporting system within the new data system. Data visualization challenges
would be overcome by implementing a web-based system to support advanced visual analytics, an area in
which the technical team also had vast experience (e.g.,
[15–16]). The reporting and visualization capabilities
would also address issues related to secure data sharing.
With these solutions in mind, the technical team developed and deployed a prototype database and website in
December 2014. Internal testing of the prototype continued until live deployment of v1 in October 2015.
Both technical (e.g., faulty links) and procedural (e.g.,
new report requests) issues were identified during the
internal testing period. Minor fixes were applied and
new features were added to rectify those issues. No
major issues were identified, however, and v1 remains
in place. The technical team has applied continual
updates to the system since live deployment. The updates have primarily involved the addition of new features (e.g., reports) at the request of the research team.

Figure 1. Overview of Triangle Genesis Data System. API = Application Program Interface; REST = Representational State Transfer; SQL = Structured Query Language; QC = Quality Control.

Unlike the Access system, the SQL RDMS is
equipped with tools to support data integration. We have supplemented this with custom
software to further assist with data integration.
We’ve coupled the SQL database with iRODS (integrated Rule-Oriented Data System) in order to provide full
capabilities for policy-based distributed data and metadata management across Triangle Genesis research team
members and collaborators [17–20]. While the data system does not require the use of iRODS, the addition of
iRODS provisions several valuable features, including
policy-based control of data access, auditing capabilities, and the use of metadata to maintain a provenance
trail. These features help to ensure help that only authorized persons gain access to the data at approved
levels of granularity (e.g., company and/or founder lev-

III. Results
III. A. Overview of Triangle Genesis Data System
Figure 1 provides an overview of the Triangle Genesis
Data System. As discussed above, a web-enabled Microsoft SQL Relational Database Management System
5

el, aggregate level). Of note, iRODS also can support
the management of community-contributed data sets,
which is something we aim to achieve in the future.

sistent since the system went live (Figure 2). Authorized
users access the data system via password-protected,
common user interfaces (e.g., programmatic APIs, etc.).
Permission levels are set by the database administrator
and correspond to each team member’s role (i.e., administrator, researcher, data entry staff, viewer, visualization
viewer, report viewer). The system can be customized to
enable user authentication via a variety of systems (e.g.,
Google, Facebook, etc.) A flexible reporting system allows authorized users to generate downloadable reports,
and customized, web-based visual analytics provide an
extension of the reporting capabilities (these capabilities
are described in greater detail below). The data system
also is equipped with a public website for dissemination.

The data system includes semi-automated and automated approaches to data extraction and curation. Manual
data extraction and curation remain in place, primarily for unstructured data sources such as newspaper
and trade magazine articles. However, all manually
extracted data are entered into the system via a Data
Curation Website, which was designed to standardize
and facilitate data entry. Automated data extraction
and curation are used for more structured data sources
such as governmental databases. This is accomplished
primarily by automated download of pre-selected data
elements from within a database or data set and transformation of the data before upload into the database.

Few errors have been encountered since the data system
went live (Figure 3). Of the 331 errors reported over the
first seven months after deployment, 37.2% involved
“data-not-found” errors, and 57.4% were internal server
errors. In terms of the data-not-found errors, most were
due to invalid link types, links to references or reports
that had been removed, or links to inactive reports. The
internal server errors were all minor. A common issue
involved a duplication of company name, for example,
“Glaxo”, “GSK”, and “GlaxoSmithKline”. This issue was
resolved by additional data cleaning, allowing for aliases
or tags in some cases and manual correction of company
names in other cases. Misspellings in the data system
itself also were commonly reported in the error reports.

We are currently exploring additional automated and
semi-automated data extraction approaches such as
natural language processing (NLP) and information
extraction (IE) techniques. In our preliminary work,
we are modifying and testing two approaches to NLP:
Named Entity Recognition (NER) and Co-reference
Resolution [21]. Our preliminary results suggest that
our modified NER approach improves the Stanford
NER approach (i.e., the current gold standard for NLP),
but this work remains in development and testing.
Usage of the Triangle Genesis Data System has been con-

Figure 2. Usage of the Triangle Genesis Data System, from live live dployment in October 2015 through May 2016.
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Figure 3. Pie chart showing a breakdown in types of errors encountered with the Triangle Genesis Data System,
from live deployment in October 2015 through May 2016.

II. B. Key Outputs of the Triangle Data System

tomize new reports without administrator involvement.

Our Triangle Genesis Data System provides two key outputs that greatly extend the reach of the prior data system: a customizable, policy-based reporting system and
web-enabled visual analytics. These are described below.

Several types of pivot- and geographic-based visualizations are also available to users. The visualizations
are designed for data sharing, analysis, and exploration.
The visualizations also help with quality assurance of
the data (e.g., identification of outliers or missing data
points). Figure 4 provides a static view of an otherwise
dynamic visualization that demonstrates the remarkable
growth in the number of companies in the RTP region,
from 1990 through 2012. Figure 5 provides a snapshot
of a dynamic visualization that depicts the relationship
between company start date and closing date by year,
from 1965 through 2015, and with respect to state and
national unemployment rates and periods of national
recession. Figure 6 shows a static visualization demonstrating networks of founders and co-founders in RTP.
Note that only companies with more than one founder
are represented in this image; sole proprietors are not
included, as the goal was to demonstrate networks.

The reporting system currently supports close to 26 reports that are used by authorized researchers and can be
shared, with appropriate permissions and approvals, with
research collaborators. The reporting system provides
policy-based access to granular, entity-level data that can
be downloaded as csv or json files to allow for statistical
analysis by authorized researchers. These include reports
on: companies by sector and subsector; company affiliation with an institutional or organizational anchor, such
as a firm that spun-out of a university or was spawned
by former employees of a large corporation; event history by company, sector, and subsector; founders per
company; and work history of founders. The reporting
system was designed to be flexible in that users can cus-
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Figure 4. Static snapshot of a dynamic visualization showing the growth in companies within the RTP region from 1990 through 2012, with respect to institutional affiliation and geographical location. By hitting
the “Play Animation” button circled in red, the user is provided with a temporal display of existing companies, from 1990 through 2012, color-coded by institutional affiliation (Duke [dark blue], NCSU [red], UNC
[light blue], GSK [yellow], Null [black]) and overlaid on a geographical map of the region (in faint light
blue). (A) Number of companies in 1990. (B) Number of companies in 2012. (C) Line graphs showing the
number of companies by anchoring institution and year. (D) Bar graphs showing the number of companies
by anchoring institution and year. GSK = GlaxoSmithKline; NCSU = North Carolina State University; Null
= not affiliated with Duke, NCSU, UNC, or GSK; UNC = University of North Carolina at Chapel Hill.
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Figure 5. Snapshot of a dynamic visualization showing the relationship between company start date and closing date by year, from 1965 through 2015, with respect to state and national unemployment rates and periods
of national recession. (A) In the image shown in this panel, we selected the year 2008 by scrolling a computer mouse over the years (y-axis). The image shows opening dates for companies that closed in 2008 and closing dates for companies that opened in 2008, with respect to unemployment rates for North Carolina (solid line)
and the United States (dashed line), as well as periods of recession in the United States (vertical gray bars).
(B) This panel shows the number of companies that were established (blue bars) and closed (pink bars) in each
year. The red inset bars show companies that were established in a given year but subsequently closed.

Figure 6. A static visualization demonstrating networks of founders and
co-founders in RTP. Nodes represent founders; links represent connections
between founders and co-founders. Node size is scaled to represent the number
of companies founded (see key in upper left corner). Note that sole proprietors are not represented in the visualization; only companies with more than
one founder are displayed, as the goal was to examine networks. The visualization allows one to examine greater details by zooming in on the image.
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IV. Discussion

cussed briefly under Results, [21]) and augment our data
system to capture and represent evidence that is uncertain in nature (i.e., assertions), represent that uncertainty in the data and metadata, and enable use of both the
data and associated uncertainty for real-time inferences.

The Triangle Genesis Data System provides a model for research on regional entrepreneurship and the
collection, integration, analysis, and secure sharing of
granular, time-series data derived from multiple structured and unstructured, public and private, data sources.
Our data system overcomes the challenges presented
by a traditional reliance on macro-level data sources
for research on regional entrepreneurship, poorly defined functional boundaries of entrepreneurship within a region, and the availability of limited data on the
individuals who create entrepreneurial firms, whether founders or influential dealmakers, as well as the
social factors, regional idiosyncrasies, and dynamic processes that influence entrepreneurship but are
not typically accounted for in data-driven research.

The research applications described herein represent
just a few of the many ways that the Triangle Genesis
Data System currently is being used. For example, our
data system serves as a powerful resource for policy development for the North Carolina Department of Commerce, North Carolina Biotechnology Center, Council
for Entrepreneurial Development, and a variety of other
social and economic policy agencies. We expect many
more applications of our system to arise as we continue to grow the rich database and enhance the visual
analytic and reporting capabilities of the data system.

Our system also addresses major data science challenges
related to data curation, management, integration, visualization, and governance. Specifically, the data system
features: a SQL RDMS, coupled with the iRODS policy-based, distributed data and metadata management
system; web-based tools to assist and semi-automate
the manual data curation process; SQL-associated and
custom software tools for data integration; a customizable reporting system; web-based visualization capabilities; and a public website for dissemination. The
Triangle Genesis Data System has been supported or
used by more than 35 researchers (faculty members,
postdoctoral fellows, and graduate and undergraduate
students) in numerous fields, including economics, sociology, anthropology, entrepreneurship, land use and
regional planning, computer and information systems,
journalism, historians, and organizational theorists.

IV. A. Limitations
Our Triangle Genesis Data System is in a continual
state of research, development, and testing. As such, we
are working to overcome several existing limitations.
Although the current system incorporates semi-automated processes for data curation, this process remains
largely manual. As noted above, existing automated
solutions lack the precision of human curation [22]. We
are working to overcome this challenge by improving
upon existing NLP and IE solutions [21], as well as factoring in uncertainty regarding assertions on the data.
Another limitation is the time and resources required to
match company data from independent sources that do not
share a common company identifier. This process is currently accomplished outside of our data system, through
a semi-automated process in which we use statistical
software to generate a list of potential matches between
a new source of company data and the list of companies
included in the database. This list is then reviewed by
two members of the research team, who independently
review the list and additional data sources in order to
identify a match (agreed upon by reviewer consensus).
A common company identifier is then entered into the
data system. We are working to more fully automate
this process through the Triangle Genesis Data System.

Members of the Triangle Genesis research team are currently using the Triangle Genesis Data System for indepth research on the dynamic social, geographic, economic, political, and institutional factors that influence
entrepreneurship in RTP. Specifically, the data system
supports several federally funded or foundation-supported research projects that aim to expand the capabilities of the Triangle Genesis Data System and thereby
expand the reach and impact of our research program.
Research team members have also submitted proposals
for additional funding to improve the data curation and
analysis process by incorporating emerging techniques
for automated data curation and real-time data analysis.
Recent demonstrations indicate that existing automated
approaches for information extraction fail short of the
precision of human curators [22]. Our goal is to build
on our preliminary work on NLP and IE techniques (dis

A final limitation is the time and resource commitment required to develop our data system. The current
data system required more than six years of effort by
many research and technical team members. While the
development of our data system was resource-intensive, we believe that it can serve as a model for other
10
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V. Conclusions
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