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ABSTRACT
Background: Projects of all sizes and impact are leverag­
ing the services of the social coding platform GitHub to col­
laborate. Since users' information and actions are recorded,
GitHub has been mined for over 6 years now to investigate
aspects of the collaborative open source software (aSS) de­
velopment paradigm. Aim: In this research, we use this
data to investigate the relation between project growth as a
proxy for success, and social diversity. Method: We first
categorize active ass projects into a five-star rating using
a benchmarking system we based on various project growth
metrics; then we study the relation between this rating and
the reported social diversities for the team members of those
projects. Results: Our findings highlight a statistically sig­
nificant relation; however, the effect is small. Conclusions:
Our findings suggest the need for further research on this
topic; moreover, the proposed benchmarking method may
be used in future work to determine ass project success on
collaboration platforms such as GitHub.
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1. INTRODUCTION
The global nature of open source software (aSS) projects

enables developers to participate and contribute code, re­
gardless of their background, location, and social attributes.
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As a consequence, studying these projects and their pub­
licly available data is a ripe opportunity for researchers in­
terested in investigating social diversity aspects and their
relationship with a number of project's characteristics. For
example, social diversity is known to have a positive effect on
teamwork, productivity, and quality of performance [10,15].
In this short paper we focus on this line of research and
present the results of an initial investigation on the relation
between social diversity (in terms of country and gender di­
versity) and project growth (measured through a number of
proxy based metrics).

To this aim, we propose a way of rating active ass projects
to determine their success in terms of growth. In practice,
grounded on previous research [6,9,13,14], we use the na­
tion of growth as a proxy for project success as it reflects the
project's activity levels and developer and user interest in
the project, such as the number of team members, commits,
comments, and pull requests in a size-independent manner.
Note that the link to success is related to the development
rate of a project as opposed to usage and community success;
at the same time, the activity on a project's GitHub reflects
not just developers, but also (engaged) users, as anyone can
raise issues and make comments.

We use a method, based on previous research by Alves
et al. [1,2], to rate projects based on thresholds empirically
from the calculated growth values. We then compare the
rating of a project to its social diversity factors.

To access information about social diversity and growth
metrics, we take advantage of the data prepared by Vasilescu
et al. [16] who used the GHTorrent project [8]. The data
includes a number of social features (gender, location, and
tenure of the team members were inferred where possible)
and is aggregated quarterly, providing a time dimension.

Our initial results highlight a statistically significant rela­
tion between project growth and both diversity metrics, but
with small effect, suggesting the need for further analysis on
this topic.

2. RELATED WORK
We analyse previous work investigating diversity in ass

projects and defining success metrics based on growth.

2.1 Diversity in OSS
Daniel et al. [6] report a positive correlation between mar­

ket success in projects hosted on SourceForge [7] and cultural
diversity (measured by observing used language and devel-



oper nationality); they find that linguistic diversity nega­
tively impacts community participation, but speculate that
this may be due to the language barriers.

Vasilescu et al. [16] conduct a survey among GitHub con­
tributors on how diversity is perceived and analyse the data
set we use in this research. They report that gender diver­
sity has a positive effect on productivity (measured as the
number of commits in a project) on all teams, regardless
of the size, while tenure diversity has a positive effect on
medium and large teams.

In line with this work, we study diversity factors, but
shift the focus from productivity to growth. Additionally we
narrow down the dataset of active GitHub projects to only
examine those that can be considered long-term projects.

2.2 Defining project success
Previous work on defining software projects' success based

on growth, particularly in the ass domain, highlights key
measures to consider: Growth, community related aspects,
and interest of developers and users. These are all factors we
include in our analysis considering different angles (detailed
in Section 3.1).

In detail, Crowston et al. [5] establish the importance of
a number of the aforementioned measures through literary
review and interviews, particularly individual and organi­
zational metrics and growth; Subramaniam et al. [14] show
that developer and non-developer interest in ass projects
and project activity levels in any time period significantly af­
fect the project success measures in subsequent time periods,
for example, one of the factors negatively impacting ass
success is a restrictive license, as this decreases developer
interest, although this factor does increase user and project
administration interest; Lee et al. [11] present a theoreti­
cal framework for performing empirical research concerning
ass success, in particular they find that information system
success models can be applied to the ass context and that
the ass success model shares similarities and differences
with other contexts; McDonald and Goggins [13] report in­
dicators that project leads and core developers of three ma.­
jor ass projects value community aspects (e.g., contribu­
tor growth, community involvement) more than code-related
metrics when evaluating the success of their project.

3. METHOD
Previous research investigated how aspects of social di­

versity related to productivity, quality, or efficiency of ass
projects. Our goal is to further investigate this angle of
comparison by defining a rating that encapsulates different
aspects of project growth and relate it with two angles of so­
cial diversity, namely gender and geographical diversity. We
structure our analysis on the following research questions:

RQl: How does gender diversity relate to the growth of
open source projects?

RQ2: How does geographical diversity relate to the
growth of open source projects?

3.1 Growth metrics and success rating
Central to our analysis is defining a rating to evaluate

growth, an indication of success. Given the high variance in

projects' size (e.g., number of developers and lines of code),
we discard metrics related to size and, instead, we focus on
change, in particular growth. This dimension, in fact, is less
dependent on project size and McDonald et al. [13] found
that (contributor) growth is a reasonable metric for project
success. We now motivate the metrics we consider:

Team growth. The team includes all participating parties
of a project (e.g., committers and pull request sub­
mitters). Considering team size as a proxy for devel­
oper and user interest, it can be seen as an indicator
for project success [14]. McDonald et al. found that
contributor growth is the most commonly mentioned
measure of success in ass projects [13]. This metric is
computed by counting the team members in a quarter.
The other metrics are computed similarly.

Commit growth. Commits in ass projects have commonly
been used to define a project's productivity and suc­
cess [6,9]: Changes done on the code reflect the project
advancing.

Pull request growth. Specific to ass projects, and, in
particular, to GitHub, pull requests can serve as a
proxy for a number of success measures including com­
munity activity level and developer interest. Develop­
ers interviewed by McDonald et al. [13] also noted that
pull requests stimulate a democratic and transparent
environment, which attracts other developers.

Comment growth. Comments (which can be attached to
commits, pull requests and issues) indicate interest of
both developers and users, thus making it useful to
observe their growth. Moreover, comments serves a
measure of the project's social activity and community
engagement [6,16]. The project community activity
level is also considered to be positively correlated with
project success [14].

After choosing these metrics, we have to establish how to
compute growth in practice. We analyse the last 5 quarters
of each project to calculate the growth over the last year
of a project (5 data points are necessary to reflect upon 4
quarters of growth); we have found this number of quarters
to be a good trade-off between having enough data to repre­
sent a project and reflecting the current state of the project.
Having a fixed period makes sure that the growth metrics
are comparable across projects regardless of the project age.
Some projects may have already existed for many years, but
this research focuses on a more current state of the projects.
Moreover, this number prevents biases due to sudden quar­
terly increase, without adding data that is not relevant to
the current state of the project. This method also excludes
newer projects that do not exist long enough for 5 data
points to have been collected.

We found the average quarterly growth to overestimate
the growth (as growth spikes had a large influence on the
results), thus we use the Compound Annual Growth Rate
(CAGR) [3]. This metric is a measure of growth over multi­
ple time periods and is often used to find the mean annual
growth rate of investments. Based on the CAGR, we com­
pute the quarterly growth rate of each metric as follows (Pn
is the metric observed in the most recent quarter available):

quarterly growth rate = Vpn - 1 (1)
pn-4
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