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Measuring the value of intangibles is not easy, because they
are critical but usually invisible components of the innovation
process. Today, access to nonsurvey data sources, such as admin-
istrative data and repositories captured on web pages, opens
opportunities to create intangibles based on new sources of
information and capture intangible innovations in new ways.
Intangibles include ownership of innovative property and human
resources that make a company unique but are currently unmea-
sured. For example, intangibles represent the value of a com-
pany’s databases and software, the tacit knowledge of their
workers, and the investments in research and development (R&D)
and design. Through two case studies, the challenges and pro-

including organizational innovation (3). Today, there are many
examples of innovative outputs that are not sold in the market,
such as open source software (OSS) and free online education
(4). Furthermore, activities in the household sector, including
inventions and social innovation (e.g., food delivery to poor rural
children during the summer), are not included in summary data
on innovation, because they are outside of the scope of business
activity (5). There are many nonsurvey data sources created and
used in the business and nonbusiness sectors that may provide
signals that can lead to new measures of innovation.

Key Terminology




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 “3 -
private sector I OpenOfficeorg

universities (e.g., Stanford, MIT, UC Berkeley), .~ fedora”

businesses (e.g., Microsoft, Google), mozilla Y A2 blender \»"4-/
government research institutions Firefox _G

(e.g., Sandia National Lab), <
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Current NCSES and other economic indicators do not

measure the value of open source software outside the
business sector.




Why Do We Care?

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.q., 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?




Components of
Software
Investment

Prepackaged

Custom

Own-account

What is Currently Measured?

Private Sector
total in billions
$352.9*

$147.6

$141.1

64.3

Public Sector
total in billions
$38.4

State and Federal
Local $10.7
$17.7

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.

So what is the problem?




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) e e ——
 What types can be identified? (categories) P et st | Sehadiis | e

« Who creates it? (sectors and collaborations) SIS
- . . DATA WRANGLING
P Who uses It? (attrlbutlon) ROFILING ¢ PREPARATION * LINKAGE * EXPL(

ORATION

Pi
FITNESS-FOR-USE

Discovered Sources

e SourceForge.net GitHub
 OpenHub.net « StackOverFlow.com
* Depsy.org e (OSalt.com




Data Inventory and Acquisition

BLACK O EaMEi¥lel Collection of OSS projects

« Development information and activity, contributors, users, commits
* Projects (677K); Organizations (698) and portfolio projects (2850), contributors

Collection of 0SS activity
* Projects (~450,000) registered over 1999-2017 DATA INGESTION AND GOVERNANCE
« Contributors (~350,000) pronG R e I IR

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

SerD)

10,926 packages and 24,000 affiliated contributors
 Number of downloads, code reuse, citations in research papers, blog posts, tweets, views

Collection of OSS activity in Python and R




Data Profiling, Cleaning, Linking, & Exploring

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)

DATA WRANGLING

OFILING » PREPARATION * LINKAGE * EXPLORATION

FITNESS-FOR-USE

Who uses it? (citations, other developers)

Can we find these variables in our data?

@ VirginiaTech




ggplot2 =

A system for 'declaratively' creating
graphics, based on "The Grammar of
Graphics". You provide the ...

® ©

Tags

graphics phylogenetics

103 contributors

S B RStudio
S B Hadley Wickham
> BEm Winston Chang

B kohske takahashi

tidyverse

+ 98 more

& Viewin API

¥ Getbadge

Compared to all research software
on CRAN, based on relative
downloads, software reuse, and
citation.

¢¥» Dependency PageRank

H10.00

Measures how often this package is
imported by CRAN and GitHub
projects, based on its PageRank in
the dependency network.

Read more about what this number
means.

ePps

& Downloads

[2) Citations

Hl.7k @

Based on term searches in

H6.3M @

Based on latest downloads stats

from CRAN. ADS (0) and Europe PMC (1702)

Read more about how we got this
number.

<% Reused by 9019 projects

Bl Hmisc =

Contains many functions useful for data analysis, high-level
graphics, utility operations, functions...

A collection of functions to visualize spatial data and models on
top of static maps from various on...

Bl rstan =

User-facing R functions are provided by this package to parse,
compile, test, estimate, and analyze

Bl GGally =

The R package 'ggplot2' is a plotting system based on the grammar
of graphics. 'GGally' extends 'gg...

B ImerTest =

Different kinds of tests for linear mixed effects models as
implemented in 'Ime4' package are provid..

1859 ++ ©) ML _for_Hackers

Code accompanying the book "Machine Learning for Hackers"




Impact of OSS: Downloads, Reuse, and Dependency

Package

Rcpp
rlang

stringi
stringr
ggplot2

PAONRS

Downloads

3,519,510
2,893,889
2,610,184
2,511,011
2,495,315

dep

Netwoarks

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

stringr
colorspace
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Dependency Networks




ManMonths
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Total ManMonths vs. Date

Category
== Active
== Popular
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Lines of Code vs. Date
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source Categories to Analyze Purpose

m Median Downloads by OSS Category

Development
System Administration O
Audio & Video O
Communications O

o

Games
Science & Engineering O
Business & Enterprise O
Graphics O

Security & Utilities O
Home & Education O
Other/Nonlisted Topic
Multimedia

| | |
2500 5000 7500




OSS Universe: Projects on GitHub

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

Amount of Repositories Created per Year in Millions Number of contributors per repository

_;
(3]
A

Amount in Millions
(=]

- 3 contributors (37%)
0- I 1 or 2 contributors (48%)
p— . l

2012 2013 2014 2015 2016 2017 2018
Year > 50 contributors (0.3%)

Most repositories have fewer than 5




OSS Universe: Programming Languages

Number of Users or Developers
(in millions) “

Package

manager CRAN PyPI R

Number of
packages 13,719 164,836

OSlI-

approvepl & python
production 13,143 15,043
ready P
powered
Packages on
GitHub 4,407 11,016

Packages on
GitHub 4,358 9,773
(analysis)
Our data collection strategy combines data from multiple sources.




Val u e Of O f ;S . PROBLEM IDENTIFICATION: THEORIES AND WORKING HYPOTHESES
"

DATA DISCOVERY [INVENTORY | SCREENING | ACQUISITION]

pCost of Software Package Creation

DATA WRANGLING

PROFILING * PREPARATION « LINKAGE * EXPLORATION

M3IAIY SOIH13

o ldentify number of people involved
y FITNESS-FOR-USE
each package’s development S r—
. . STATISTICAL MuueLivu AND ANALYSES
o Estimate time spent on software
development using Kilo-lines of code

(KLOC) Cost of R and Python Packages developed on

Estimate resource cost with wage
equivalent for 2017
 Using average compensation for

comp utgr programmers All packages 282,167.871 883,209
Occupation Employment Survey,  achivist 28488.639 4.169

Bureau Of Labor StatiStiCS CollessLike 15844.721 3,299 py3-ortools 37412.424 4,648
Estimate non-wage costs readtext 13888.309 3,130 LSD-Bubble  15270.398 3,251
 Adapting BEA (Bureau Economic ptwikiwords ~ 11452.965 2,808 lotPy 14899.252 3,219
Analysis) and OECD (Organisation  nasapower  10613.638 2812 OPenauake. ya041578 3,126

All packages 611,601.568 1,560,374
libsass 50340.53 5,233

. . engine
for Economic Co—operatlon and

Development) methodologies




S LU C o C . UC s
and impact of OSS be measured using publicly
available data?
Next steps - Build accurate and repeatable models to predict costs
to produce 0SS
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;

appllcatlon’ platform’ Ianguage and toolset experlences) PROBLEM IDENTIFICATION: THEORIES AND WORKING HYPOTHESES

Project attributes (use of software tools, multi-site
i ’ | DATAINGESTIONAND GOVERNANCE

development, required development schedule) o

DATA WRANGLING
OFILING + PREPARATION * LINKAGE * EXPLORATION

Fitness-for-Use - Evaluate data quality and utility %
for capturing these attributes SES eed




Communication & Dissemination
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