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Open Source Software (OSS)
“A computer software, with its source code made available with a license, in which the 
copyright holder provides the rights to study, change, and distribute the software to 
anyone and for any purpose.” (Open Source Initiative)

It is developed within and outside of the 
private sector
• universities (e.g., Stanford, MIT, UC Berkeley),
• businesses (e.g., Microsoft, Google),
• government research institutions

(e.g., Sandia National Lab),
• nonprofits, and
• individuals

Current NCSES and other economic indicators do not 
measure the value of open source software outside the 
business sector.



Open Source Software (OSS) are digital products, 
including those provided without direct payment
• OSS is used across fields; e.g., Google Chrome, 

Linux, R, Python, Wikipedia...
• OSS supports research outputs; e.g., peer 

reviewed publications, patents, startups, 
licenses …

Innovation that is being created outside of the 
business sector is not being measured
• Missing a major contribution to economic growth

Challenge: Can the scope and impact of OSS be measured 
using publicly available data?

Why  Do We Care?



“The Open Source world is 
worth billions”

So what is the problem? 

OSS created within 
universities, federal labs, and 

by individuals is not 
measured

What is Currently Measured?

Source: BEA Intellectual Property Products Fixed Asset Tables
(private) and Investment in Government Fixed Assets (Table 7.5B).
*Difference between Total and sum is a rounding error.



Data Discovery

Desirable data dimensions for measuring OSS
• How much open source software is in use? (stock measure)
• How much is created each year? (flow measure)
• What types can be identified? (categories)
• Who creates it? (sectors and collaborations)
• Who uses it? (attribution)

Discovered Sources 
• SourceForge.net
• OpenHub.net
• Depsy.org

• GitHub
• StackOverFlow.com
• OSalt.com
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Collection of OSS projects 

• Development information and activity, contributors, users, commits

• Projects (677K); Organizations (698) and portfolio projects (2850), contributors 

Collection of OSS activity
• Projects (~450,000) registered over 1999-2017 

• Contributors (~350,000) 

• User information (~291,782), project usage

Collection of OSS activity in Python and R 

• 10,926 packages  and 24,000 affiliated contributors

• Number of downloads, code reuse, citations in research papers, blog posts, tweets, views

Data Inventory and Acquisition



Consider what pieces of the data may be able to be used in 
development models to measure impact and scope

Translate desirable data dimensions to variables that can be measured:
• How much open source software is in use? (downloads)
• How much is created each year? (projects, lines of code, person hours)
• What types can be identified? (categories)
• Who creates it? (sectors, commits, networks)
• Who uses it? (citations, other developers)

Can we find these variables in our data?

Data Profiling, Cleaning, Linking, & Exploring 
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DSPG Summer 
2019

Impact of OSS: Downloads, Reuse,  and Dependency 
Networks

Package 2018 
Downloads

Rcpp 3,519,510
rlang 2,893,889
stringi 2,610,184
stringr 2,511,011
ggplot2 2,495,315

Dependency Networks

Package Reuse

ggplot2 105,774
plyr 101,596
digest 99,774
stringr 98,086
colorspace 93,590







Categories to Analyze Purpose
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OSS Universe: Projects on GitHub

> 50 contributors (0.3%)

Most repositories have fewer than 5 
contributors. 

• 55.1M repositories with commits 2012-2018
• 7M repositories with OSI-approved licenses on GitHub as of July 2019

Of those, we analyzed 4.9M repositories that have at least one commit
• There are 2.8M unique OSS contributors
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OSS Universe: Programming Languages
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Number of Users or Developers 
(in millions) Language R Python

Package 
manager CRAN PyPI

Number of 
packages 13,719 164,836

OSI-
approved & 
production 

ready
13,143 15,043

Packages on 
GitHub 4,407 11,016

Packages on 
GitHub 

(analysis)
4,358 9,773

Our data collection strategy combines data from multiple sources. 



DSPG Summer 
2019

o Identify number of people involved 
each package’s development

o Estimate time spent on software 
development using Kilo-lines of code 
(KLOC)

o Estimate resource cost with wage 
equivalent for 2017

• Using average compensation for 
computer programmers

• Occupation Employment Survey, 
Bureau of Labor Statistics 

o Estimate non-wage costs 
• Adapting BEA (Bureau Economic 

Analysis) and OECD (Organisation 
for Economic Co-operation and 
Development) methodologies 

Value of OSS: 
Cost of Software Package Creation 

Cost of R and Python Packages developed on 
GitHub
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Returning to our research question: Can the scope 
and impact of OSS be measured using publicly 

available data? 
Next steps - Build accurate and repeatable models to predict costs 

to produce OSS 
• Cost estimation models are mathematical algorithms or parametric 

equations used to estimate the costs of a product or project

• Common attributes in software development cost models:
- Product attributes (reliability, complexity, reusability)
- Platform attributes (execution time, storage constraints, volatility)
- Personnel attributes (capabilities of analysts and programmers; 

application, platform, language and toolset experiences)
- Project attributes (use of software tools, multi-site 

development, required development schedule)

Fitness-for-Use - Evaluate data quality and utility 
for capturing these attributes
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Century Economic Statistics, Bethesda, MD, Mar. 2019.
- 2019 Women in Data Science Conference, Charlottesville, VA, Mar. 2019.
- International Association for Research in Income and Wealth (IARIW) 35th General Conference: Innovation and the Digital Economy,

Copenhagen, Denmark, Aug. 2018.
- IEEE/ACM International Conference on Advances in Social Network Analysis and Mining (ASONAM), Barcelona, Spain, Aug. 2018.
- International Monetary Fund (IMF) Statistical Forum on Measuring Economic Welfare in the Digital Age: What and How? Washington 

D.C., Nov. 2018.
- NBER Conference on Research in Income and Wealth (CRIW) Pre-Conference: Big Data for 21st Century Economic Statistics, 

Cambridge, MA, Jul. 2018.
- Interagency Council on Statistical Policy (ICSP) Big Data Day, Committee on National Statistics (CNSTAT), Washington, DC, May 2018.
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