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The "soclal programmer”
... signals
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Yet ... despite transparency

* Neglected infrastructure
e “heartbleed” security bug in OpenSSL
e |eftpad incident

* |n open source ecosystems, no signal (yet)
to help balance supply and demand for labor

o Similar to price in market-based
production

* Could badges help?
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Today: Signaling with badges
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Types of badges
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Types of badges

* Quality assurance
 Build status, test coverage, static analysis, ... build Rl
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& build passing
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Types of badges

NCce

Bulld status,

est coverage, static analysis, ...

* Dependency management
e Version tracking, vulnerability tracking, ...
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* Dependency management
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Types of badges

* Quality assurance

 Build status, test coverage, static analysis, ...
* Dependency management

e Version tracking, vulnerability tracking, ...
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| | j downloads | 654 th
* npmversion, license, coding style, release
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* Popularity

 nom downloads, GitHub stats, Twitter, ...
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Types of badges

* Quality assurance

 Build status, test coverage, static analysis, ...
* Dependency management

e Version tracking, vulnerability tracking, ...
e |[nformation

* npmversion, license, coding style, release

strategy, commit message conventions, ...

° DOpularity slack "join

* npm downloads, GitHub stats, Twitter, ...
* Support
* chat & collaboration, issue stats, ...

slack 6/160
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Types of badges

* Quality assurance
* Build status, test coverage, static analysis, ... P Ees
* Dependency management srpeotiever

e Version tracking, vulnerability tracking, ...
e |[nformation

* npmversion, license, coding style, release
strategy, commit message conventions, ...

* Popularity
 nom downloads, GitHub stats, Twitter, ...
e Support
 chat & collaboration, issue stats, ...
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Signaling theory (Spence, 1973)
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Can you trust them?
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An abbreviation of intelligence. In this case, the acquirement of information.



Research guestions

* How are badges used”

* What do they tell about
a project?

* HOW much can you
trust them?

Adding Sparkle to Social Coding: An Empirical Study of
Repository Badges in the npm Ecosystem

Asher Trockman, * Shurui Zhou,* Christian Késtner,* Bogdan Vasilescu®

?University of Evansville, USA

iCarnegie Mellon University, USA

atrockma@andrew.cmu.edu, shuruiz@cs.cmu.edu, {kaestner, vasilescu}@cmu.edu

ABSTRACT

In fast-paced, reuse-heavy software development, the transparency
provided by social coding platforms like GITHUB is essential to de-
cision making. Developers infer the quality of projects using visible
cues, known as signals, collected from personal profile and repos-
itory pages. We report on a large-scale, mixed-methods empirical
study of npm packages that explores the emerging phenomenon
of repository badges, with which maintainers signal underlying
qualities about the project to contributors and users. We investi-
gate which qualities maintainers intend to signal and how well
badges correlate with those qualities. After surveying developers,
mining 294,941 repositories, and applying statistical modeling and
time series analysis techniques, we find that non-trivial badges,
which display the build status, test coverage, and up-to-dateness
of dependencies, are mostly reliable signals, correlating with more
tests, better pull requests, and fresher dependencies. Displaying
such badges correlates with best practices, but the effects do not
always persist. In short,

mostly reliable &

1 INTRODUCTION

Contemporary software development is characterized by increased
reuse and speed. Open-source software forges like GiTHUB host
millions of repositories of libraries and tools, which developers
reuse liberally [25], creating complex, often fragile networks of
interdependencies [11]. This has earned GITHUB a reputation as
a one-stop shop for software development [38], an influencer of
practices in both open-source and industry [32]. Furthermore, the
widely-adopted DevOps culture [30, 45] also contributes to this ac-
celeration, with its emphasis on automation and rapid deployment.
As a result, developers are expected to make more decisions at
higher speed, finding which libraries to depend and which projects
to contribute to.

A key enabler of this decision making process is the transparency
provided by social coding platforms like GiTHUB [20, 21]. The de-
velopment history of open-source GITHUB projects is archived and
publicly accessible in a standardized format; and GiTHUB user pro-
file pages display aggregate information about one’s contributions
and social standing in the community (e.g., through repository stars
and watchers). This unprecedented level of transparency in social
coding can enhance collaboration and coordination [21]. Using visi-
ble cues—known in the literature as signals—collected from personal
profile and repository pages, developers can better manage their
projects and their dependencies, communicate more efficiently, be-
come informed about action items requiring their attention, learn,

Conference’17, July 2017, Washington, DC, USA
2017. ACM ISBN 978-x-xxxx-xxxx-X/YY/MM...$15.00
https://doi.org/10.1145/nnnnnnn.nnnnnnn

socialize, and form impressions about each other’s coding ability,
personal characteristics, and interpersonal skills [21, 37, 39, 56].

However, open-source ecosystems are also competitive. In order
to survive and thrive, projects must successfully attract and retain
contributors, and fend off competitors [16, 35, 40, 44]. In a social
coding environment, the visible signals enabled by transparency
can, therefore, be seen as a survival mechanism, with high profile
signalers benefiting the most. For example, more popular and fa-
mous projects attract more contributors [61], coding “rock stars”
collect thousands of followers [20], and visible traces of developer
actions and interactions are used in recruitment and hiring [13, 36].

Here we focus on repository badges, images such as ([EIJEEE0,
embedded into a project’s README, often generated on-demand,
reflecting the current status of online services the project is using,
e.g., continuous integration and dependency management. From a
signaling theory [51] perspective (Section 2), badges can be seen as
easily observable signals used by maintainers to convey underlying
qualities of their projects to users and contributors, e.g., code qual-
ity, adherence to best practices; this increases transparency (hard
to observe qualities become salient), hence may impact users’ and
contributors’ decision making process and the project’s chances of
survival. Badges can also be seen as a gamification mechanism [23],
i.e, a game-like incentive designed to engage participants (Sec-
tion 2); e.g., a badge with real-time code coverage information may
act as an incentive for contributors to improve the quality of the
project’s test suite. In summary, badges are a potentially impactful
feature in transparent, social coding environments. However, the
value and effects of badges are not well understood.

In this paper, we explore two main research questions regarding
badges. First, we explore the phenomenon of badges quantitatively
and qualitatively, and ask What are the most common badges and
what does displaying them intend to signal? (RQ1). Second, we an-
alyze whether badges indeed signal what developers expect, and
ask To what degree do badges correlate with qualities that developers
expect? (RQ2). To answer these questions, we perform a large-scale
mixed-methods empirical study of the badges in the npm ecosys-
tem, a large and vibrant open-source ecosystem for JavaScript with
documented interdependency-related coordination challenges [11],
wherein many badges originated. We observe the frequency and his-
torical adoption of badges in practice among 294,941 npm packages,
we survey maintainers and contributors about their intentions and
perceptions, and we build regression models to check hypotheses
regarding developer perceptions (collected when exploring RQ1),
such as, “coverage badges signal the importance of tests and there-
fore attract more pull requests with tests”

Our investigation reveals that badges are popular in npm, adopted
in 46 % of all packages. The most frequent show the build status
or version of the latest release, but dependency managers, code

S T R - B Adding Sparkle to Social Coding: An Empirical Study of Repository Badges in the npm Ecosystem.
Trockman, A., Zhou, S., Kastner, C., and Vasilescu, B.
International Conference on Software Engineering, ICSE, ACM (2018).
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Mixed methods stuay
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What do you intend to signal’  Measured proxies for code quality,
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 \What do badges tell you?
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f all you saw was the How much more does the How do things
badge, how much pbadge tell you, relative to change after adding
would that tell you? existing signals? the badge?
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Signals of fresh dependencies 6(5

i ' 1 11 1
» Hyp: The adoption of dependency- Basic Model Full Model
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Signals of fresh dependencies @
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management badges correlates dependencies Ut daite

with fresher dependencies 10°
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Freshness
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INnterrupted time series
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Signals of popularity I;T\\

* Hyp: The adoption of quality-
assurance pbadges makes users more Badge: FALSE B TRUE

confident in a package and attracts
More Users
 Hyp: The adoption of popularity-

related badges in popular packages
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Downloads
10*
|

10°
I

10°

correlates with more tuture downloads Popularlty Info

downloads 654/month

nom v1.1.0

build "passing

» Packages with a badge tend to coverage 194%

skew toward more downloads than Code was “built with love” or “well written”

packages without. by an “experienced developer” who pays
“attention to quality”
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Signals of popularity &0

 Hyp: The adoption of quality-
assurance badges makes users more
confident in a package and attracts

Mmore users

 Hyp: The adoptio

N of popularity-

related badges Ir

popular packages

correlates with more future downloads

* Attractiveness wears off beyond

five badges
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Badge Overload Effects
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‘People tend to overwhelm visitors with
too many (useless) badges, thus creating
a contra effect and loosing the initial
purpose of having useful information.”



Signals of popularity

 Hyp: The adoption of quality-
assurance badges makes users more
confident in a package and attracts
More Users

 Hyp: The adoption of popularity-
related badges in popular packages
correlates with more tuture downloads

 Badge adoption correlates with a sudden
popularity boost, but the acceleration is
not sustained over time.
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Signals of test suite quahty @

 Hyp: The adoption of quality-
assurance badges correlates with
other indicators of code quality
(metric: test suite size).

Code was “built with love” or “well written”
by an “experienced developer” who pays
“attention to quality”

* 18x higher odds of having any tests with
QA badge; among those with tests,
18.3% larger test suite with QA badge.

. ?ut, no change in trend
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Signals of PR quality

coverage 194%
build passing

 Hyp: The adoption of a quality-

assurance badge, and even more so of 0 0-5
a coverage badge, encourages more g 0
external contributors to include tests. =

"PRs with new functionality tend to include i 0-3

new tests, as not to decrease coverage.” 0
-

-

O
_ . © 0.1

* Increase in the monthly fraction of PRs ugi
containing tests after adopting QA badge 00
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Signals of PR quality

 Hyp: The adoption of a quality-

assurance badge, and even more so of “aS°°"Badge*“::Sg:§;2§e effect plot
a coverage padge, encourages more 0 S coverage 945
external contributors to include tests. 2 [ B
D s- - i
"PRs with new functionality tend to include =
new tests, as not to decrease coverage.” < - -
T
D- 5 — |
* Coverage and Cl badges interact, .5_3 /
amplifying each other’s effects. S R
L

hasCovBadge
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O This repository Pull requests Issues Marketplace Explore

L seanmonstar / intel ®Watchv 10  WStar 191  YFork 29

<> Code Issues 11 Pull requests 0 Projects 0 Wiki Insights

| need more intel! http://seanmonstar.github.io/intel/

P 224 commits I 3 branches
()
Branch: master ~ New pull request
58
sl README.md ' W I
(2
DEFAULT BRANCH: MASTER
o J
intel oo -
REPO ADDED TOTAL FILES # BUILDS BADGE
25 SEP 2013 18 110
build ' passing npm package 1.2.0 s iU G- 3

An abbreviation of intelligence. In this case, the acquirement of information.



Mixed methods study

&
=

e 32 maintainers, 57 contributors

(15% resp. rate) e 294,941 npm packages

Recap

e Maintainers:

| | * Mined bac
* What do you intend to signal? from REAL

. ?
What effects do you expect” . Measured
e Contributors: test suite ¢
« What do badges tell you? dependen

It all you saw was the
badge, how much
would that tell you?

-
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Analysis

/.\h E i @

How much more does the How do things
badge tell you, relative to  change after adding
existing signals” the badge?




lake-aways (1

* Open source developers rely on, and
respond to, signals

 We add both gualitative and
quantitative evidence for badges

© codementor | GET HELP » [N )11 CRER T V¢ dependencies fout of date slack 6/160 npm v1.1.0
made by Protocol Labs e style 'standard § cdnjs v3.2.1 build 'passing tips F$1.45/week | release v2.1.1 ) star 4k
IRC irc.freenode.net#unshift bitHound [97 W build passing | bower v3.1.4 @ commitizen friendly Greenkeeper ‘enabled

dependencies Insecure

@ Deploy to Heroku

codacy A

coverage 1 94%

Issue resolution 3 h

slack [join

tips | $3.64/week code climate 4.0 license BSD ember observer | 8/ 10 vulnerabilities | 0 % Follow - 350 dependencies fup to date

downloads ' 654/month

& build 'passing coverage [53% [ code style 'standard build ' passing slack 6/160




lake-aways

» Harder to fake badges provide more s ===

I’e‘iab‘e Signa\s downloads ' 654/month

dependencies [up to date

* As signaling theory predicts

<
P

nom v1.1.0

slack "join

© codementor | GET HELP » [N )11 CRER T V¢ dependencies fout of date slack 6/160 npm v1.1.0
codacy 'A W coverage [94% W made by Protocol Labs e style 'standard J cdnjs v3.2.1 build 'passing tips I$SLAS5/week W release v2.1.1 ) star 4k

issue resolution '3 h M |RC 'irc.freenode.net#unshift bitHound [97 W build passing | bower v3.1.4 Greenkeeper lenabled

dependencies Insecure

@ Deploy to Heroku

commitizen friendly slack [join

tips | $3.64/week code climate 4.0 license BSD ember observer | 8/ 10 vulnerabilities | 0 % Follow - 350 dependencies fup to date
build | passing slack  6/160

downloads ' 654/month

& build 'passing coverage [53% Ml code style 'standard

gitter join chat




lake-aways (2

 Harder to fake badges provide more

reliable signals

» As signaling theory predicts

* Redesign badges as assessment el slack 6/160
signals

© codementor | GET HELP » w11 CRER:T Y dependencies fout of date slack 6/160 npm v1.1.0 | @® Deploy to Heroku
made by Protocol Labs e style 'standard § cdnjs v3.2.1 build 'passing tips F$1.45/week | release v2.1.1 ) star 4k

IRC irc.freenode.net#unshift bitHound 97 W build passing g bower v3.1.4 B commitizen friendly Greenkeeper ‘enabled slack join
tips | $3.64/week code climate 4.0 license BSD ember observer | 8/ 10 vulnerabilities ' O % Follow - 350 dependencies fup to date

& build 'passing coverage [53% [ code style 'standard build ' passing slack 6/160

codacy 'A | coverage [94%

Issue resolution 3 h

dependencies Insecure

downloads ' 654/month
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Badge Overload Effects
* Too much of a good thing 250000 -

200000 -

150000 A

Downloads

100000 -

0 2 4 6 8 10 12
Number of distinct badges
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@ Deploy to Heroku
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lake-aways

coverage 1 94%

e Gamification effects

coverage 1 94%

Fraction PRs with tests

K

hasCovBadge
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lake-aways (5

* Could we design signals (badges?) to
help balance supply and demand for
labor in open source ecosystems”

Roads
Bridges:

The Unseen Labor Behind
Our Digital Infrastructure

 Maybe
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dependencies Insecure
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Issue resolution 3 h

slack [join
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Adding Sparkle to Social Codin
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(@,

coverage [94%

Badge Overload Effects 45—-; build 'passing [l code style standard [ tips [$3.64/wee
250000 - 2 .
< ember observer 8 /10 dependencies fout of date
§2ooooo- ;0_ @build passing license BSD vulnerabilities ' 0
o
. 0 vittound 07 [N Y AL
5 i js v3.2.1
O ~© bower v3.1.4 downloads ' 654/month
100000 - © e .
- LL 0 | issue resolution '3 h | coverage [53% Y Follow - 350
0 2 4 6 8 10 12 hasCovBadge
Number of distinct badges dependencies ' Insecure
’ el Sl
102 - dependencies [up to date IRC irc.freenode.net#unshift
coverage '94% gitter join chat code climate 4.0
% build 'passing commitizen  friendly
- (M=
5 LM M L L release v2.1.1 Greenkeeper enabled
O ™ | (==
L 1 L slack 6/160 made by Protocol Labs
10

@ Deploy to Heroku

tips | $1.45/wee

H I code style standard

STREDEL e 203458 Bhuz0iics  (CForks/(es PRs [Welcome

>

Carnegie Mellon University Month index relative to badge




/
Badge vs. tool (1) }T\

» 83.6% of projects using Travis also Travia Rade va. Nt
use the badge

 Projects with the badge tend to
have more tests vs. those with just

Travis

l0Q test bytes

O Badge: FALSE B Badge: TRUE

-

STREDEL

Carnegie Mellon University




Badge vs. tool (2)

If you show the badge,
it’s more likely

* 83.6% oOf projects using Travis
use the badge

e Logistic regression to predict
current build status (pass/fail):

Coefficients:

Estimate Std.

(Intercept) -0.52484
scale(log(downloads + 1)) -0.05058

scale(log(active_age + 1)) 0.06748
scale(log(commits + 1)) 0.27668
scale(log(dependencies + 1)) 0.14626
factor(has_tests)1 -0.30313
scale(log(build_num + 1 -0.03652

as_badge -1.12270
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Error z value Pr(>lzl)

219 < Ze-16
927 8.61e-05
165 2.41e-07
941 < Ze-16
909 < Ze-16
199 < Ze-16
273 0.023

* %k %k

* %k %k

¥ %k *k

& ok k
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0.02432 -46.156 < 2e-16 ***

Has badge implies
0.3 multiplicative diff
iIn odds of failing
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