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Context: the ability to follow other users and projects on GitHub has introduced a new layer of open source

software development participants who observe but do not contribute to projects. It has not been fully ex-

plored how following others influences the actions of GitHub users. Objective: this paper studies the motiva-

tion behind following (or not following) others and the influence of popular users on their followers. Method:

a mixed methods research approach was used including a survey of 800 GitHub users to uncover the reasons

for following on GitHub and a complementary quantitative analysis of the activity of GitHub users to examine

influence. Our quantitative analysis studied 199 popular (most followed) users and their followers. Results: we

found that popular users do influence their followers by guiding them to new projects. As a user’s popularity

increases, so does their rate of influence, yet the same is not true for a popular user’s rate of contribution.

Conclusions: these results indicate that a new type of leadership is emerging through GitHub’s following fea-

ture and popularity can be more important than contribution in influencing others. We discuss implications

of popularity and influence and their impact on social structure and leadership on OSS projects.

© 2015 Elsevier B.V. All rights reserved.
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1. Introduction

Understanding how influence is exerted on social computing plat-

forms is critical for participants and leaders because it impacts their

patterns of work, interactions, and knowledge management in col-

laborative environments. While much work has been done to un-

derstand influence on purely social platforms like Twitter and Face-

book [1–3], influence on social software development environments

like GitHub has been understudied. GitHub enables users to “follow”

individuals, much like one follows another user on Twitter. How-

ever, users on Twitter broadcast their own messages and diffuse only

ephemeral information, links and perspectives 140 characters at a

time. In contrast, notifications sent to GitHub followers embody ev-

idence of work that has occurred and are not broadcast by the user,

but rather, by the system [4]. The GitHub following feature is, there-

fore, interesting to study since structure and influence in OSS seem

connected to the types of activities participants engage in.

Previous studies of influence in Open Source Software (OSS) found

a “pyramid meritocracy” [5–7], where there is hierarchy and central-

ization, but usually not an authoritarian “great leader” at the top.
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eadership is shared by a group of developers who “act as [influential]

eers at the top echelon of the pyramid” [7]. The metaphor of a pyra-

id depicts new contributors at the bottom, “leaders” in the middle

nd “elders”, who may have previously led projects but now advise, at

he top. Elders are particularly common on long running OSS projects.

SS projects that are led by a software company may also have a com-

unity manager who acts as a liaison between the company and the

SS community [8]. With the advent of GitHub, new types of lead-

rship are emerging because GitHub fosters a lower barrier to entry

han other OSS platforms like SourceForge [9].

Other studies of OSS projects (e.g. [10–14]) reveal patterns of orga-

ization participants as “a series of concentric circles”, where at the

enter are the core developers. The core developers are surrounded

y a ring of “maintainers” who are responsible for one or more mod-

les of a project. The outer-most circle contains the “patchers” who

x bugs, “bug reporters”, “documenters” and “users”. As Ducheneaut

10] points out, even users can be “highly skilled”, suggesting that the

periphery” is a “nebulous arrangement of both skilled and unskilled

ndividuals.”

This nebulous skill arrangement is further extended on GitHub

hrough its following feature, which allows users to “observe” with-

ut participating. This type of participation has the capacity to alter

SS engagement models. Our research goal is to understand how the

ightweight connection of following another user builds into cascades

http://dx.doi.org/10.1016/j.infsof.2015.10.002
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f influence and to study the relationship between emerging social

tructures in projects on GitHub, the most followed (popular) users,

nd leadership in these projects. In this paper we take a first step in

his direction by investigating the most followed users and their in-

uence on their followers.

In this paper, we investigate following behavior and the influence

f following others using a mixed-method research approach. We

urveyed 800 GitHub users to identify motivations behind following

ther users on GitHub and why some users choose not to follow oth-

rs. To examine influence of following, we conducted an analysis of

he 199 most popular GitHub users (measured by number of follow-

rs). By analyzing the actions of popular GitHub users and their fol-

owers, we found that popular users often attract their followers to

ew projects. This is in line with previous results [15] that found that

sers who are both very popular and very active influence their fol-

owers. In this previous work, only users who fall into both of these

ategories were included; therefore, the two dimensions were inter-

wined and unable to be studied individually [15]. Instead, we study

ll popular users regardless of activity level. This allows a deeper in-

estigation into the effect of popularity. Through our investigation,

e found that the rate of a popular users’ contribution does not im-

act her rate of influence. However, the rate of influence of a popular

ser does increase as the user accumulates more followers. Our find-

ngs indicate that GitHub’s following feature may be enabling a new

ype of leadership in GitHub-hosted OSS projects and that popularity

ay be more influential than actual contribution.

.1. GitHub: open, collaborative software development environment

GitHub is a web-based, social software development environment

hat provides source code management, issue tracking and other fea-

ures. GitHub allows users to set up a public repository that anyone

an fork and use for their own code and/or to contribute changes to

he code. Pull requests are a way in which code from one developer

s contributed back to a GitHub repository publicly. A “fork” is a clone

r copy of a repository. Forks are made for two main reasons: first,

o use the code in some derivative way; and second, as a precursor

o contributing back to the original project through a pull request,

hich can then be merged with the main branch of code by those

ith access. All of these activities are published in an open, visible

tream on GitHub, and content and discussion associated with issues,

ommits and pull requests are also public. Users of GitHub can re-

eive alerts (via desktop clients and email) about code changes, pull

equests, comments, issues, etc. for any public project.

Some of the social features on GitHub include following other

sers and starring other projects. Starring a project is a way for users

o indicate that the project is interesting to them. Since there are of-

en multiple GitHub OSS projects providing the same functionality,

tars are often used as a ‘vote’ to indicate that the project is worth us-

ng and, thus, are a signal of the health of GitHub-hosted OSS projects.

. Related work

Although research on ways of working in GitHub has been grow-

ng rapidly, aspects of project organization, social structures, and

eadership and its influence on work performance in such open en-

ironments have not received much attention. Dabbish et al. [9] do

rovide insight into how GitHub’s design enables new types of collab-

ration and collaboration patterns through increased platform trans-

arency for individual users. They discuss the “collaborative util-

ty” and value when “transparency is integrated into a web-based

orkspace” as well as the value of social features that make activity

isible to users – GitHub supports learning “better ways to code and

ccess to superior knowledge” [9]. Not only are GitHub users able to

valuate contributions by examining discussions around those con-

ributions [16], GitHub’s social interface also allows people to make
nferences about other contributors’ “technical goals and vision when

hey edit code” [9]. This transparency of activity allows users to de-

ne “effective strategies for coordinating work, advancing technical

kills and managing their reputation” [9]. Through this transparency,

ew types of leadership and influence may have emerged, but this

as yet to be studied.

.1. Social structure and leadership in open source software

evelopment

Studies of social structures and interaction in other working en-

ironments that offer transparency exist in the literature prior to

itHub’s popularity. Here we highlight studies from the larger body of

esearch on OSS development examining social interactions, through

tudies of online systems and how norms are developed among on-

ine teams (e.g. [10]).

Long and Siau [17] elaborate on “social structure” in SourceForge

SS projects by examining changes in communication network struc-

ures over time. They focus on interaction patterns in the bug tracking

ystem in three SourceForge projects, showing that projects evolve

rom a single “hub” to a core/periphery structure. While these net-

orks are centralized in the sense that a core group of individuals

or “key members”) are at the center of communication, “it is decen-

ralized in the sense that the decision or communication core is not

oncentrated on one or two members but a group of key members”

17].

Similarly, Crowston and Howison’s [18] study of communications

nteractions in SourceForge’s bug tracking system reveals the extent

o which 120 project teams show uniformity and difference in their

ocial structure. The communication structures surrounding bug fixes

ere neither consistently centralized nor decentralized. Instead, they

isplay a range of centralization. One key pattern they uncover is that

entralization is negatively correlated to both the number of devel-

pers and the number of active users contributing to bug reports. The

uthors offer their interpretation that as “projects grow, they have to

ecome more modular, with different people responsible for different

odules ... resulting in what might be described as a ‘shallot-shaped’

tructure with layers around multiple [cores]” [18].

This multi-layered organizational structure was also reported in

he study of Mockus, Fielding and Herbsleb [19] who found that, al-

hough development is quite centralized (with only 15 developers re-

ponsible for more than 80% of the code), centralization decreases

ramatically in the context of new code contribution, bug fixes and

ug reporting. Their findings lead them to this hypothesis: “In suc-

essful open source developments, a group larger by an order of mag-

itude than the core will repair defects, and a yet larger group (by

nother order of magnitude) will report problems” [19].

GitHub allows users to “follow” other individuals. The actions

commits, pull requests, comments, etc.) of followed users appear on

dashboard. This creates an additional layer to organizations of in-

ividuals who observe but do not participate. Due to the newness of

itHub’s following feature, the social structure of followers has yet to

e fully explored.

.2. Following and followers on GitHub

Lee et al. studied a small set of GitHub users and examined how

our users who are both the most popular and the most active (rock-

tars) influenced their followers [15]. They found that when rock-

tars are more active on the projects they own, they attract more

f their followers to contribute to that project. They also saw that

hese rockstars guided their followers to new projects when they con-

ributed on a new project. This study was limited to three months

f activity of the four rockstars. Our study builds on these findings

y studying all GitHub users with a large number of followers and
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Table 1

Occupation of survey respondents (in percentage).

Occupation Overall Following

popular

users (1)

Following

other users

(2)

Not

following (3)

Software developer 87.6 92.8 86.2 83.7

Manager 14.6 16.4 12.4 15.3

Student 26.9 15.1 33.9 31.2

Other 8.4 6.2 8.1 12.1

Table 2

Survey respondents working on each type of GitHub project (in percentage).

GitHub projects Overall Following

popular

users (1)

Following

other users

(2)

Not

following (3)

OSS 89.6 97.2 92.9 74.8

Commercial

(Proprietary)

40 57.7 32.9 25.2

Personal 82.3 89.3 89.8 70.1

Other 7.1 4.8 7.4 9.8

Table 3

Inter-coder reliability. Krippendorff’s alpha scores.

Question Initial

agreement

Final

agreement

Alpha

What do you see as the benefits of

following other people?

0.87 1 0.94

Why do you follow staff? 0.74 1 1

Why do you follow organizations? 0.83 1 0.91

Why do you follow contributors? 0.81 1 0.93

Why do you follow creators? 0.82 1 0.92
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considering all available contribution history. Further, our study con-

siders the influence of all GitHub users with a large number of fol-

lowers regardless of the amount they have contributed to projects on

GitHub. This approach teases out the distinction between popular-

ity and contribution. We also investigate who the most popular users

are and the motivations behind following (or not following) others on

GitHub.

Following is distinguished conceptually from contribution as a

more passive act. On GitHub, Goggins and Petakovic [4] refer to fol-

lowing as affiliation, and pull requests and issue comments as partic-

ipation. In their examination of influence across social technologies,

they noted that different trajectories for influence exist among those

who participate and those who affiliate with projects, groups or other

forms of open online community. Using examples from across social

technology platforms, Goggins and Petakovic illustrate how clear dis-

tinctions between acts of participation and acts of affiliation are im-

portant for understanding how influence occurs in social technolo-

gies.

A number of questions remain open. How does affiliation influ-

ence (follower influence) play out in a social coding environment like

GitHub? How might follower influence be conceptualized as part of

the previous participation-focused core/periphery model in OSS? The

relationship between having a lot of followers, without consideration

of activity level, and leading those followers in a particular direction

is unexplored in prior studies of OSS in general, and GitHub in partic-

ular. In this paper we take a first step in this direction and tackle the

following research questions:

RQ1: Why do GitHub users follow others and who are the most fol-

lowed users?

RQ2: Are GitHub users influenced by the users they follow?

3. Method

To answer our research questions, we used a mixed-methods ap-

proach comprised of repository analysis as well as analysis of data

from a survey of 800 GitHub users. The survey focused on the mo-

tivations behind following other GitHub users, while the repository

analysis investigated the influence of such relationships. In this study,

influence is defined as the ability of a user to guide their followers to

star or contribute to new projects. In this section, we discuss our data

sources, survey design, and process for analyzing survey responses.

We focus our analysis on the actions of the popular users and their

followers. We defined popular users as GitHub users who have many

(500 or more) followers.

3.1. Description of survey

In order to understand why GitHub users utilize the ‘following’

feature, we conducted an online survey (see Appendix A) targeting

three different user sets, (1) users who follow popular users, (2) users

who follow other users but do not follow popular users and (3) users

who do not follow any user on GitHub.

We emailed our survey to the 4000 most active GitHub users

(measured by number of commits made in January to April 2014). We

received 800 responses (20% response rate). All questions were op-

tional (see Appendix A for number of responses per question). Survey

questions were a mixture of multiple choice, open-ended and yes/no

or agree/disagree. Firstly, we asked participants about their job, work-

experience, their primary use of GitHub and the benefits of following

users on GitHub. Then based on target user category, we asked them

why they do or do not follow other users and how many users they

follow. We also asked respondents if they follow specific user groups

on GitHub, e.g. GitHub staff, creators of new library or framework, etc.

and why they follow these specific user groups. We were also inter-

ested in knowing if respondents believe that the users they follow are

experts.
.2. Survey participants

We asked each participant to provide their occupation and the

ype of projects they work on within GitHub (multiple selections

ere allowed for each question). The majority of our survey respon-

ents are software developers. There were also a significant number

f managers and students. 35% of respondents selected more than

ne occupation. The most common mixed responses received were

oftware developer and manager (14% of respondents) as well as soft-

are developer and student (19% of respondents). Table 1 shows the

ccupations of the respondents. The ’Other’ category responses in-

luded researchers, scientists, teachers, system administrators and

esigners.

Nearly 90% of our survey respondents use GitHub for OSS projects.

able 2 shows the type of project work our respondents use GitHub

or. The ‘Other’ category includes respondents using GitHub for aca-

emic purposes (thesis, class-work, research, teaching, etc.), to store

ser configuration files, write books, for non-profit projects, presen-

ations, transcribing and coding competitions.

.3. Survey analysis

To analyze the responses of open-ended questions, we used meth-

ds from grounded theory [20]. We started with open-coding to de-

ne initial categories. We then performed axial coding to confirm

hat our open-codes represented the survey responses and to merge

elated categories. Two independent coders completed the coding.

hen each coder was satisfied with their codes, their code lists were

ombined to create a master code list. Each coder performed another

teration to apply a code from the master code list to each response.

ext, the two coders discussed and reconciled any case where their

odes did not align, resulting in 100% final agreement for all coded

uestions. We measured inter-coder reliability with Krippendorff’s

lpha measure [21], results in Table 3. With the acceptance threshold
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Fig. 1. Number of users the followers are following.
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or Krippendorff’s alpha at > 0.8, our scores indicate high inter-coder

eliability.

.4. Repository analysis

To investigate the activity of users who follow others and users

ho have many followers, we performed a repository analysis in

itHub. We obtained data from the GHTorrent project [22], which

rovides a mirror of the GitHub API data. The GHTorrent project

etches GitHub public data using the GitHub REST API and stores it

n MongoDB and MySQL databases. We used the 2014-04-02 MySQL

ata dump, which included 8,510,504 projects and 3,426,046 users.

he dataset contains 527,712 users who follow other users. For pop-

lar users, we used a threshold of 500 or more followers. There are

99 popular users, which is a manageable set of elite users to ana-

yze. These 199 users have a combined set of 101,688 followers and

ave created, contributed to, forked or starred 49,927 projects.

. Results

.1. Motivation for following

RQ1: Why do GitHub users follow others and who are the most fol-

owed users? Following other users is popular on GitHub—more than

alf of a million GitHub users follow at least one other user. Fig. 1

hows the number of users being followed by GitHub users. Many

sers follow only a small number of other users. Of the users who do

ollow at least one other user, 45.5% follow only one user and 15% fol-

ow only two users. This suggests a core/periphery structure of pop-

larity on GitHub with a small set of very popular users surrounded

y a large set of their followers and other less popular users.

.1.1. Motivation behind following

In our survey, we asked all respondents to explain the benefits of

ollowing others on GitHub. Through axial coding, we categorized the

esponses into 8 categories:
• Getting updates on activity. 27.2% of respondents said the benefit of

following others on GitHub is to receive updates on their activity.

Even though GitHub also allows users to “watch” a project to re-

ceive notifications on project activity, some users stated that they

would prefer to follow the main contributor or project owner to

see updates on project activity. “[Following others is] good for keep-

ing track of how others are progressing with their own projects or

how much they have contributed lately.”

• Discovering new projects and trends. 24.8% of the users surveyed

follow other users with similar interests in order to identify new

projects and stay up-to-date with the latest trends in OSS or a par-

ticular technology. “If I find a skilled person that is active in the type

of projects I’m interested in. By following that person I might stumble

upon a new open source projects.”

• No benefit. 18.8% of total respondents (including those who do fol-

low others) could not identify a benefit of following others. “Not

much value in following people. Far too noisy. Twitter is the only place

I actively follow people and read anything.”

• Learning. 11.2% of respondents follow others to learn from them.

“It is a great opportunity to learn from their code and see how thing

are done by the best in the business.”

• Socializing. 7.3% of respondents follow others for social reasons.

They follow their friends and co-workers and/or influential devel-

opers to show respect or support. They also feel motivated by their

followers. “Showing a peer that you respect them via a follow. I don’t

use follows to keep tabs on what others are doing though I just do it

for the socialization.”

• Collaboration. 5.8% of respondents follow others to identify oppor-

tunities for collaboration or to share code. “If somebody is working

on a similar problem to you, you can collaborate with them through

pull requests to solve problems” and “Being able to grab commits

from others repo.”

• General interest/Miscellaneous. 2.8% of respondents follow others

out of general interest or for reasons that did not fit into any of

our categories. “see if something interesting created or changed.”

• Gaining easy access to others. 2.1% of respondents follow others to

“bookmark” their profiles so they can easily access them later. “It’s
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Table 4

Popular users’ GitHub activity.

Mean Median

Followers 1348.6 891

Projects starred 91.7 38

Forks 28 15

Pull requests 68.7 21

Commits 3320.2 2203

Comments 1602.1 801

Organizations (member of) 2.7 2

Projects (member of) 20.6 14

Table 5

Survey responses to ‘Do you consider the people you follow as ex-

perts?’ (in percentage).

Categories Overall Following

popular users

(1)

Following other

users (2)

Yes 39.54 44.03 33.9

No 8.47 4.11 12.44

Maybe 51.9 51.85 53.65

Table 6

Reasons for following popular user categories (in percentage).

Categories GitHub staff Orgs OSS devs Creators

Obtain updates

on activity

31.6 57 32.3 45.3

Find new

projects/trends

9.2 5.6 14.5 10.5

No benefit 1.3 0 1.6 1.1

Learn 10.5 5.6 9 7.5

Socialize 11.9 2.8 16 5.9

Coordinate 1.3 2.8 1.5 1.1

General

interest/Misc.

9.2 2.8 9.3 6

Easy access to

others

0 0.7 0.6 4.2
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like bookmarking interesting people – I could potentially come back

to their profiles”

While these reasons may appear to mostly relate to the social net-

work within GitHub, such social aspects can have an important im-

pact on development activities [23]. For example, our results show

that 24.8% of respondents indicate they follow others to discover

new projects and trends. Thus, these social relationships guide po-

tential new contributors to OSS projects who rely on these volunteers

for their success. Furthermore, 11.2% indicate they follow others to

learn; therefore, these relationships can develop the technical skills

of emerging developers. For these reasons, the social network of fol-

lowing is impacting the working patterns within GitHub.

The stated benefits were consistent across all of the occupations

of our survey respondents. While we saw some minor differences (for

example, managers were more likely to state that following others

provides no benefit with 21.2% of managers giving this response com-

pared to only 13.8% of students and 18.9% of software developers), the

differences were not statistically significant across the occupations

for any of the categories.

4.1.2. Profiling popular users

There are 199 users who have 500 or more followers on GitHub.

We examined each of these users’ GitHub profile page and, if a link

was available from their profile, their personal webpage. Through this

analysis, we identified four categories of popular users: (1) GitHub

staff, (2) organizations, (3) OSS developers, and (4) creators of li-

brary/frameworks.

It should be noted that before GitHub introduced their ‘organi-

zations’ feature many companies and projects used a shared GitHub

user account to represent their organization. Thus, organizations

could be followed much like any other user. Once the GitHub orga-

nizations feature was introduced, many teams transferred their ex-

isting user account to an organization account. It is not possible to

follow a GitHub organization account in the same way users are fol-

lowed. Thus, organizations will no longer be a category of popular

users once the GitHub organizations feature is fully embraced and all

user accounts are transformed to utilize this feature.

Many, but not all, popular users are also very active. Table 4 shows

the activity levels of the popular users who are not organizations.

For many of the metrics, the median is much smaller than the mean

showing that there is a wide range of activity levels among the pop-

ular users.
Popular users are more likely to be viewed as experts. We asked sur-

ey respondents if they believe that the users that they follow are

xperts. 39.54% of survey respondents responded positively that the

sers that they follow are experts, while only 8.47% believe that the

sers they follow are not experts. The remaining 51.9% respondents

esponded neutrally. Respondents following popular users were more

ikely to believe these users are experts (x2 = 5.1, p = 0.02) and less

ikely to believe they are not (x2 = 10.98, p < 0.001) than respondents

ho follow users who are not among the 199 most popular, as illus-

rated in Table 5.

.1.3. Motivation for following popular users

We divided our survey respondents into three groups. Group 1 is

omposed of users who follow the 199 popular users who have 500

r more followers. Group 2 includes people who only follow users

utside the 199 popular users, and Group 3 includes users who do

ot follow other users.

For survey respondents who did follow popular users, we asked

hether they followed users in each of the popular user categories

nd why they followed those users. Table 6 shows reasons given by

urvey respondents for following popular users from these defined

ategories. We excluded any responses that did not provide a reason

or following these users.

The most popular reason for following each of these user types is

o obtain updates on activity. Finding new projects and trends was

ot cited as often for these users as it was for following in general.

.1.4. Motivation behind not following

The responses from Group 3 respondents who do not follow any

ther users represent the perceived benefits of following others,

hile the responses from Groups 1 and 2 represent the actual ben-

fits experienced by users who do follow others. Table 7 shows sur-

ey responses broken into the three groups. There are a number of

ifferences in the responses across groups.

Collaboration is more a perceived benefit than an actual benefit. In-

erestingly, the users who do not follow any other users (Group 3)

ere more likely to cite collaboration as a benefit of GitHub’s follow-

ng feature than the users who did follow others (Groups 1 and 2). A

hi-squared test of difference in proportion shows the difference is

ignificant (x2 = 5.7, p = 0.017). This could show that collaboration is

nly a perceived benefit of following, but the actual implementation

f the feature falls short in this area. We used chi-squared tests in our

nalysis since our dataset was large and, thus, the expected value for

ach observational class was greater than 5 [24].

Finding new projects/trends likely not a well-known benefit. Respon-

ents who do not follow any other users (Group 3), were much less

ikely to cite finding new projects/trends as a benefit of following oth-

rs. A chi-squared test of difference in proportion shows the differ-

nce is significant (x2 = 55.7, p < 0.001). This is not a well-advertised

enefit of following, and it is likely that those who have never used
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Table 7

Benefits of following users on GitHub. Percentage of responses from each targeted group (in percent-

age).

Categories Overall Following

popular users

(1)

Following other

users (2)

Not following

(3)

Updates on activity 27.2 23.2 30.5 29.4

New projects/trends 24.8 37.4 23.3 5.2

No benefit 18.8 14.7 11.5 37.3

Learn 11.2 10.0 13.1 10.5

Socialize 7.3 8.5 9.3 2.6

Collaboration 5.8 3.1 5.1 10.5

General interest/Misc. 2.7 1.2 5.1 3.3

Easy access to others 2.1 1.9 3.0 1.3

Table 8

Popular user influence. Followers who star, contribute to, or fork a project after a popular user stars,

forks, contributes to, or creates a new project as their first activity on a project. The ratios in this table

represent the average percent of followers for all popular users who performed each given action as

their first action on a project over all projects. Popular users can take only a single type of action as

their first action on a given project, and followers may follow more than one popular user. Therefore,

the columns are not expected to add up to 100%.

Popular user first activity (in percentage)

Follower first activity Star Fork Contribute Create new project

Star 24.7 10.2 23.9 17

Contribute 12.5 6.7 13.7 3.3

Fork <0.1 <0.1 <0.1 <0.1

Total 37.2 16.9 37.6 20.3
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he follow feature simply have not thought about this as a possible

enefit.

Not surprisingly, many respondents who did not follow any other

itHub users (Group 3) did not believe there was a benefit from fol-

owing others (37.3%). We also asked respondents from this group

hy they did not follow others on GitHub. The reasons were varied:

• 39.5% found no benefit of following others on GitHub. “I don’t see

the value in it.”

• 14.2% found watching projects more useful. “I would rather follow

the projects that they contribute to instead. I think following people

is rather unnecessary a programmer works on specific projects, not

with specific people.”

• 11.6% were not aware of the ‘following’ feature. “Hadn’t noticed the

feature or found a need for it.”

• 7.9% use GitHub for personal projects. “I just use GitHub for per-

sonal projects; I don’t have an interest in the social features.”

• 6.8% are busy. “Following someone else’s code contributions sounds

like a significant time investment to get value out of it. Right now, I

don’t have the time for that.”

• 6.8% were experiencing information overload. “I already have too

much information to follow. I wouldn’t be able to keep up with re-

ceiving notifications about other GitHub users activities.”

• 3.2% respondents follow GitHub users on other social media or

websites. “I generally use twitter to follow the people/topics I am in-

terested in.”

• Miscellaneous (10%).

Again, these reasons for not following others were consistent

cross each of the occupations of our survey respondents.

These findings have important HCI-related implications as so-

ial features continue to be added to software development environ-

ents. First, information overload is still an important problem and

hould be considered when implementing features that provide noti-

cations of activity. Second, while the main purpose of following was

o provide notifications of activity, many users are using these noti-

cations to explore and find new projects within their areas of inter-

st. Users who do not follow others do not seem to be aware of this
enefit of the follow feature. Sites like GitHub could likely find ways

o tailor notifications for this purpose and encourage this exploration.

.2. Influence of following

RQ2: Are GitHub users influenced by the users they follow?

To answer this research question, we examined user behavior. We

erformed a quantitative analysis of GitHub behavioral trace data to

etermine if the actions of popular users influenced their followers

o star or contribute to new projects.

We analyzed the actions of the 173 popular users who are not or-

anizations to identify evidence of influence in their followers. We

xamined when a popular user identifies a new project by creating,

tarring, forking or contributing to a project for the first time to see

f their action attracted their followers to that project. We considered

he following actions for project contributions: (1) making a commit;

2) submitting a pull-request; (3) creating an issue; or (4) comment-

ng on an issue, commit, or pull-request. We analyzed the first activity

f a popular user’s followers who joined the same project after that

opular user. We analyzed starring, contributing and forking for the

ollowers’ first activities.

Popular user actions attract their followers to new projects. We found

hat 43.5% of followers are attracted to new projects when a pop-

lar user whom they are following performs some activity on that

roject. Table 8 shows the first activity a popular user makes on a

ew project and the first activity of their followers who joined the

ame project after the popular user’s activity on that project. Con-

ersely, only 0.01% of a popular user’s followers star or contribute to

new project before the popular user indicating that the popular user

s influencing his followers and not just part of the herd. In fact, for

sers who are following the popular users, popular user activity on a

roject precedes the follower’s activity for 90.5% of the new projects

hey star or contribute to.

Followers are likely to star new projects after a popular user whom

hey are following does any activity on that project. Table 8 illustrates

hat when popular users star, fork, contribute to or create a new

roject, a large percentage of their followers (24.7%, 10.2%, 23.9% and
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Fig. 2. Residuals vs. fits plots. (a) Linear model, (b) 5th degree polynomial model.

Table 9

Influence and popularity. Summary of the R2 values using different

degrees of polynomials.

Degree Predictive power (R2) Analysis of variance

(compared to linear)

1 0.607 –

2 0.683 <0.001

3 0.688 <0.001

5 0.694 <0.001

10 0.754 <0.001

15 0.789 <0.001
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17% respectively) will star that project. Considering that the most

starred project on GitHub is starred by less than 1% of all users, these

are in fact high percentages and suggest that the followers were in-

fluenced by the actions of the popular user.

Followers are also likely to contribute to new projects after a

popular user whom they are following performs any activity on

that project. As also shown in Table 8, the highest rate of contribu-

tion follows from a popular user contributing to or starring a new

project with 13.7% and 12.5% of their followers contributing to that

project.

Starring a project is powerful. We ran a Mann–Whitney test of dis-

tribution on the number of users influenced by a popular user when

they star a project compared to when they contribute to a project.

We expected that when a popular user contributed to a project they

would influence more users than when they simply starred a project.

However, a Mann–Whitney test shows no statistical significance. This

demonstrates that contributions may not be any more powerful than

stars in attracting users to a project. Mann–Whitney was selected to

compare the average of the two groups since the data is not normally

distributed.

The more followers a popular user has, the more their followers are

influenced by their actions. There is a non-linear relationship between

the number of followers a popular user has and the number of fol-

lowers that they influence. We used curve fitting to identify the best

fitting mathematical function to explain the relationship between in-

fluence (measured as the total number of a popular user’s follow-

ers who star or contribute to a new project after the popular user

performs some action on that new project over all projects) and the

number of followers. A linear model (In f luence = NumFollowers) was

able to predict 60% of the data. However, as shown in Table 9, as the

degree of the equation increases, so does the predictive power. We

compared each polynomial equation to the linear equation with an
nalysis of Variance and obtained significant P-values for each show-

ng that polynomial functions are a better fit than the linear model.

his shows that as a user’s number of followers increases, their rate

f influence increases.

Fig. 2 illustrates the residuals graphed against predicted values of

nfluence (fitted values) for both the linear and 5th degree polynomial

tatistical models. The residuals show the amount of variability in In-

uenced that is not explained by our model [25]. For the polynomial

odel (Fig. 2b), the shape of the line is flat except near the outliers, in

ontrast to the linear model (Fig. 2a), which is heavily distorted. This

uggests a reasonable fit between the polynomial model and the data

howing that the rate of influence increases as a person accumulates

ore followers.

The additional predictive power of the polynomial model follows

ur hypothesis that there is some point at which influence accrues

aster than the number of followers alone. Our two statistical out-

iers, labeled as 24 and 27 in Fig. 2, further support this point. Those

wo popular users influenced significantly more actions than every

ther popular user, yet they do not have the most number of follow-

rs. These two users have very different profiles. User 27 is one of the

ost active popular users in terms of his number of comments on is-

ues, pull requests and commits and his number of commits. He has

reated many popular OSS projects. While he has a large number of

ollowers, he has less than half of the most followed popular user. On

he other hand, user 24 is closer to average in regards to his activity

ithin GitHub. However, he is one of the most followed users, and he

s a member of a large number of organizations. He contributes to a

ide range of projects.

The more active a popular user is does not impact their influence.

here is not a clear relationship between the activity level of a pop-

lar user and the number of followers they influence. We measured

he activity level of a user by considering various forms of activity,

ncluding number of commits, pull requests, forks, project member-

hip, repositories owned and number of comments. Table 10 shows

he results of a linear regression model that considers each of these

easures of activity together with the number of followers a user

as. The number of comments (made on issues, commits and pull

equests) is the only measure of activity that has an impact on influ-

nce; this is interesting since this is the most social of our activity

easures. However, even for this measure, the effect size is small as

easured by Cohen’s f2. Conversely, the number of followers shows

large impact on influence. This indicates a social influence is occur-

ing where followers are influenced by the popularity of a user more

han the user’s development activity.
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Table 10

Impact of various measures of activity on influence

compared with the influence of popularity (mea-

sured by number of followers).

t-value Cohen’s f2

Intercept 0.124

Commits −0.557 0.002

Pull requests −1.378 0.011

Repositories owned −1.187 0.008

Forks created 1.046 0.006

Project membership 1.684 0.016

Comments 4.99∗∗∗ 0.144

Followers 17.796∗∗∗ 1.831

(∗p < 0.05, ∗∗p < 0.01, ∗∗∗p < 0.001).
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1 https://github.com/torvalds.
. Discussion

Our research goal was to better understand the following relation-

hip on GitHub. GitHub users can “follow” another user to receive no-

ifications about that user’s activity on GitHub. We investigated why

sers choose to follow other users and what types of actions are taken

s a result of receiving these notifications. Our main goal was to iden-

ify if a user’s actions are influenced by the notifications they receive

hrough these following relationships.

RQ1: Why do GitHub users follow others and who are the most fol-

owed users? To answer our first research question, we surveyed 800

itHub users and investigated GitHub’s 199 most popular users (mea-

ured by number of followers). We identified four categories of pop-

lar users: (1) GitHub staff, (2) organizations, (3) OSS developers, and

4) creators of library/frameworks.

Getting updates on activity is the most commonly cited reason

or following others showing that following others is mostly used an

wareness mechanism. Another commonly cited reason for following

thers is to discover new projects and trends showing that users will

nvestigate new projects that appear in their notifications. Other rea-

ons given for following others were learning, socializing, collabora-

ion and general interest. Users who do not follow others were more

ikely to cite collaboration as a benefit than users who do follow oth-

rs, which suggests that collaboration, learning and socializing exist

n a Continuum for GitHub users. Understanding their interconnec-

ion in future studies will likely help projects and companies who use

itHub to better understand how to build their project communities

p by attending to a more sophisticated understanding of participant

otivation.

Our findings show that following other users is being used for

uch more than project activity awareness. Yet, 14.2% of our sur-

ey respondents found watching projects more useful than follow-

ng other users. When the goal of following is to maintain awareness

round a particular project, watching the project of interest is intu-

tive since project activity is often much more than the actions of one

ontributor. This paper focused on how individuals are influenced by

ther individuals, and we, therefore, did not gather data or analyze

roject oriented following behavior. Future research could investigate

nfluence of notifications from watching projects.

RQ2: Are GitHub users influenced by the users they follow? For our

econd research question, we analyzed the actions of popular GitHub

sers and their followers to look for evidence that popular users are

nfluencing the actions of their followers. We found that when a pop-

lar user stars, forks, contributes to or creates a new project their

ollowers are attracted to that project. We observed that a popular

ser’s rate of influence increases as they accumulate more followers.

owever, their rate of contribution does not impact their rate of influ-

nce. This can indicate that popularity may be more influential than

ctual contribution. Thus, GitHub’s following feature may be enabling

new type of leadership in GitHub-hosted OSS projects with popular

sers emerging as leaders. These findings can be validated by future
tudies. For example, a targeted survey could ask individual develop-

rs how they are influenced by particular popular users whom they

ollow. In Sections 5.1 and 5.2, we discuss our findings in relation to

xisting literature and their implications on OSS social structure and

eadership, and we highlight open research questions our study iden-

ified.

.1. New type of leadership emerging through following

Prior literature examined leadership in OSS projects as an explicit,

articipatory act of discussion or contribution evaluation [5–7,10]. In

ontrast to these participation-focused framings of OSS leadership,

ur findings show that a new type of leadership may be taking shape

hrough follower relationships on GitHub-hosted projects. We found

hat popular users who are followed by many other users have influ-

nce over their followers, and thus are serving as leaders. The influ-

nce we observed was related to guiding users to new projects. Many

SS projects rely on volunteers to fix bugs and contribute new fea-

ures, and having a large pool of potential contributors is important

o the health of these projects. The fact that popular users are able

o attract new contributors to projects is, therefore, important. If a

roject hosted on GitHub is able to attract a very popular user, it is

ikely that that user will bring a large pool of contributors with them

eading to more contributions and greater project success.

The type of leadership we identified is, thus, at a higher-level than

s typically studied as it over-arches all GitHub projects. Future re-

earch could focus on the impact of popularity within a project. Does

popular user’s opinion impact the success of a pull request? When a

opular user comments on an issue or pull request does the sentiment

f their comment influence the remainder of the discussion around that

rtifact? It is also worth investigating the impact to a project when

his type of leader leaves a project. Do other popular leaders take their

lace? If not, does the project continue to thrive without a popular user

eader?

One type of popular user we identified were the creators of li-

raries/frameworks. For example, Linus Torvalds,1 the creator of the

inux operating system, is one of the most popular users in our

ataset. Yu et al. [26] found that project owners are followed by more

sers external to their project as their project grows in popularity.

his indicates that very popular projects on GitHub will have at least

ne popular user. However, future research could investigate the ex-

stence of popular users and its relation to project success. Measures

elated to project success may be derived from the number of popular

eaders engaged on the project or other metrics around popular lead-

rs to build on existing measures of OSS project success [9,19,27–29].

Finally, the new type of leadership we have identified could

ave implications on OSS leadership theories for projects hosted

n GitHub. For instance, we witnessed a very small subset of users

ho are very popular on GitHub indicating a new category of

ore/periphery structure in OSS. While Crowston and Howison [18]

escribe a shallot shaped structure focusing on contributions and

ork oriented leadership in OSS, our explication of popularity sug-

est a new type of leadership altogether. While popular users may

lso be contributors, they may not play the same central role in

ach particular project they contribute to. Do popular users influence

rojects they participate in to a greater extent than the popularity they

ring to a project from prior accomplishments in some cases? Do we need

o re-conceptualize how we think about OSS project structure for projects

osted on GitHub? These questions and others are important topics for

uture research. In OSS, as in team research in the physical world, we

ay find that task oriented and social influence are becoming two

ifferent ways of moving OSS projects forward.

https://github.com/torvalds
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Table A11

Number of responses for each survey question.

Question Number of participants

presented this question

Number of responses

1 800 796

2 800 765

3 800 798

4 800 657

5 800 794

5a 575 528

5b 218 185

6 575 545

6a 90 71

7 575 544

7a 168 134

8 575 537

8a 423 310

9 575 541

9a 379 265

10 575 529

10a 294 254

10b 294 221

11 575 531

12 575 523

13 800 577

14 800 722
5.2. Popularity is altering OSS participation on GitHub

Further, we observed that a user’s popularity impacts their level

of influence. Prior literature on merit in OSS focused on contributions

and technical skills [18,30]. People earn respect for getting work done.

Our findings imply that popularity, now clearly visible in the GitHub

interface, also influences how users perceive others. Marlow et al.

[12] found that GitHub users use the information from user profiles

to form impressions of each other and make judgments about po-

tential contributors, which then influence whether or not their code

contributions are accepted. Are these impressions being made based on

the users contributions and technical skills or on the user’s popularity,

which is prominently displayed on their profile? Are popular users’ con-

tributions more likely to be accepted on GitHub? Does a user’s popularity

reduce entry barriers on new projects?

We found that as a user’s popularity increases, so does their rate

of influence. At some point, influence accrues faster than the number

of followers alone. Investigating the most influential users did not re-

veal any particular characteristics of the users that would explain this

phenomenon. Future research could continue this investigation. Why

are some users more influential than others? What are the characteris-

tics of the most influential users?Are users more likely to follow already

popular users?

5.3. Threats to validity

One threat stems from our selection of the GHTorrent dataset,

which may not be a full copy of all GitHub data [22]. Nevertheless,

it is a best-effort approach that has been widely accepted in the re-

search community as evidenced by its inclusion as the dataset for the

MSR 2013 Mining Challenge [31] and the many recent papers that

utilize its data in their analysis.

Another threat surrounds the dates in which a user began follow-

ing another user, which may not always be accurate. This data is not

available from the GitHub API [32], so this threat stems from a limi-

tation of the GitHub API itself. GHTorrent attempts to obtain this data

by monitoring GitHub events and recording the corresponding date.

When GHTorrent was not able to record the corresponding event, it

provides a best guess for this missing data by setting the following

date to be the date of the creation of the latest created user of the

follower or followee.

Our analysis is focused on all GitHub users with more than 500

followers. It is possible that our dataset is impacted by developers

who have artificially increased the number of their followers through

services such as the one available at http://githubfollowers.com. Such

services typically result in an overnight spike in followers. We did not

observe such spikes in our dataset, but the threat still exists that some

users in our data are popular only because of this artificial measure.

However, the existence of a small number of malicious users should

not greatly impact our results.

Finally, our survey respondents were self-selected, and their opin-

ions may not generalize to all GitHub users. However, we received a

large number of survey responses (800) from a diverse set of users

contributing to a wide-range of GitHub projects, and we reached sat-

uration in our results.

6. Conclusion

GitHub’s follow feature introduced a new social aspect to OSS

projects where users can affiliate themselves with each other. We

found that popular GitHub users attract their followers to new

projects. As a user’s popularity increases, so does their rate of in-

fluence. Our findings indicate that a new type of leadership may be

emerging through follower relationships. Yet, activity level does not

have the same impact on influence. A user’s popularity is clearly vis-

ible to other users, thus users may be influenced by the popularity of
user showing a new social phenomenon emerging in OSS projects.

hus, the open collaboration environment of GitHub is shaping a new

nderstanding of social structure on OSS projects shaped by popular-

ty and influence.

This paper introduced several avenues for future research around

opularity in software development projects. Future research should

nvestigate the impact of popular users joining or leaving a project,

he influence of a popular user within a discussion, and whether

roject success can be measured in some way based on popular

sers. Further, research can investigate popularity within transpar-

nt development environments to understand better if visible pop-

larity itself elicits influence and attracts further popularity. Finally,

esearch should continue to investigate how the social structure on

SS projects is changed by popularity.
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ppendix A. Survey questions and number of responses

1. Do you recognize yourself in any of the following categories?

• Software developer (coder, tester, etc.)

• Manager

• Student

• Other (please specify)

2. How much experience (in years) do you have in the occupation

type that you selected in Question 1?

3. Do you use GitHub for any of the following work?

• Open-source project

• Commercial project

• Personal project

• Other (please specify)

4. What do you see as the benefits of following other people on

GitHub?

5. Do you follow other people on GitHub? (Yes or No)

http://githubfollowers.com
http://dx.doi.org/10.13039/100000001
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(a) If yes, how many GitHub users do you follow?

(b) If no, why don’t you follow other people on GitHub? (skip

to Q13)

6. Do you follow GitHub staff members on GitHub? (Yes or No)

(a) If yes, why do you follow GitHub staff members on GitHub?

7. Do you follow organizations on GitHub? (Yes or No)

(a) If yes, why do you follow organizations on GitHub?

8. Do you follow open-source contributors on GitHub? (Yes or

No)

(a) If yes, why do you follow open-source contributors on

GitHub?

9. Do you follow creators of library, framework, technology, etc.

on GitHub? (Yes or No)

(a) If yes, why do you follow creators of library, framework,

technology, etc. on GitHub?

10. Do you follow any other type of GitHub users? (Yes or No)

(a) If yes, please specify what type of GitHub users?

(b) If yes, why do you follow these other types of GitHub users?

11. Do you consider the people you follow as experts? (Yes, No or

Maybe)

12. Do you follow GitHub users on other websites too? If yes,

Please specify.

• StackOverflow

• Personal website/blog

• Twitter

• Facebook

• Google Plus

• Other (please specify)

13. What is your GitHub username? (optional)

14. Are you willing to participate in a follow-up survey or inter-

view?
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