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ABSTRACT

For the past couple of decades, Open source software(OSS)
projects have become the pioneer in delivering commercial
grade software products. Linux distributions, LibreOffice,
Firefox, Chrome, Android OS initiative, FreeMind, BSD
Distributions are few of the many such products. Unlike the in
house commercial projects, OSS ecosystem offers a
community driven collaborative development structure for
people to freely join, learn, share effort and knowledge to
develop software.

Due to this unorthodox process and practices, OSS Projects
become the central concern of software engineering research.
One of the widely researched topics on the track was what
motivates developers to participate, how they get recruited
and integrated in the OSS projects. However, the other half of
the story remained unexplored. That is, being part of the
projects, what factors related to developers’ contribution lead
to shape a sustainable and reputed career?

This research explores empirically the same by leveraging
data extracted from OSS project repositories. The transcript of
assessment shows that plurality, quality and length of service
have strong positive correlation with developers’ current rank
and reputation. In other words, developers’ reparation and
acceptance within the OSS ecosystem grow proportionally
with greater quality of contribution in diverse OSS projects
for a substantial period of time.

Key words :Open Source Software (OSS), OSS Project, OSS
Ecosystem, Contribution, Commit, Motivation, Career
Development.

1. INTRODUCTION

A Software Ecosystem can be defined as “A set of actors
functioning as a unit and interacting with a shared market for
software and services, together with the relationships among
them” [1][3].

Within the realm of Open Source Software (OSS) ecosystem
this definition can be instantiated metaphorically. According
to [6][2], OSS ecosystem consists of software projects that are
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freely contributed by the actors (e.g., developers, users,
commercial stakeholders) within a shared market of mutual
communication  and  dependencies.  Often,  these
inter-dependencies occur due to free nature of resource flow.
For instance, developers freely join or leave projects, can
contribute in multiple projects simultaneously, and exchange
views, knowledge and resources among them [6][7].

Apart from this, the OSS ecosystem consists of several
complex artefacts that require a distinct characterization.
Because these artefacts have vast contrast with their in-house
commercial counterparts in several fundamental ways [2].
Therefore ,conventional software engineering knowledge
fails to explain them. For instance, there are differences in
process and practices(e.g., software production, services,
project management, and market share), and in conceptual
and structural particularities(e.g., principles, community
participation, contribution, recognition and appreciation,
governance, and legalities)[4][5].

The conventional concept of OSS process and practices
dictates that an OSS project is often initiated by
individuals(called owner/originator) and makes it openly
available for anyone to contribute for further development.
The owner sets the fundamental governing regulations
regarding contribution, integration, management, and release
planning [8].The usual goal of these projects is to create
systems with open collaboration and access to support the
pragmatic need of automation, rather filling up the
commercial void [9]. However, due to their comprehensive
and out-of-the-box solutions and quality, many open source
products have not only penetrated the commercial market but
also claim a large share of it[13].

In relation to conceptual and structural particularities, people
in the role of active developer, peripheral developer, bug
solver, bug reporter, reader, users [10][13] join or leave OSS
projects freely without any legal bindings. Their contribution
are voluntary in nature and without any monetary
compensation. Therefore, it is difficult to reach consensus,
and dictate developers to perform essential tasks, e.g., SQA or
refactoring, and navigate the project development towards
particular goals [11].

Despite of this unorthodox nature of OSS ecosystem, people
rather proactively contributes to these projects, which in turn
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lead to huge market success [12][37]. Therefore,
understanding the motives of the developers in contributing to
OSS projects become one of the core concerns of software
engineering research [13][9]. Consequently, empirical studies
identified that the opportunity to learn and share knowledge in
a highly professional environment [10], the pride to be
recognized as a highly reputed developer within a massive
community of professionals [13], personal satisfaction of
accomplishment[11][15], and better job opportunities due to
OSS experience and expertise [16][39] are the core motives.
However, the other half of the story remained unexplored.
That is, being part of the projects, what factors related to
developers’ contribution lead to shape a sustainable and
reputed career? This study carried out the same by leveraging
the historical contribution records of thousands of OSS
developers by mining OpenHub repositories [25][26].

This paper is organized as follows, in Section 2 research focus
in the form of hypothesis is presented in relation to related
background, Section 3 describes the data source, collection,
cleaning and interpretation process. In Section 4 results are
presented with statistical significance. Finally, future research
directions, validity issue and concluding remarks are
discussed in Section 5, Section 6 and 7, respectively.

2. RESEARCH FOCUS

One of the core research concern regarding OSS ecosystem is
what motivates developers to join and contribute without any
monetary compensation for a substantial period or time?
[14][15]. Accordingly, research on understanding the process
of software development [16], recruitment and integration of
new developers into OSS projects has been conducted [13].
Findings suggest the followings.

First, OSS ecosystem offers a pragmatic environment for
potential professionals and individuals to learn and share
technology intensive knowledge [14]. They can learn about
methods and principles of software design, development,
tools, techniques and project management, by participating in
specific projects or from project gurus [15][18]. Therefore,
people took it as an opportunity to continuously improve or
adapt their engineering knowledge and expertise freely being
part of OSS ecosystem [16][20][21]. Moreover, OSS
developers are often benefited with higher compensation
packages and better employment in the industries, compared
to their competitors who lacked in experience with OSS
projects [19][22].

Second, with increased participation and consistent
contribution in OSS projects, developers’ get recognized as
authentic, reputed and expert contributor within the
ecosystem [19][23]. In OSS ecosystem, developers often send
|/ receive token of appreciation (or credits) due to their
valuable contributions. Reception of such credits from the
peers often goes through a critical scrutiny of the
contributions [22][38]. Therefore, accumulation of such
appreciations, lead a developer to achieve their career
pinnacle [32][21].
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Third, developers in OSS ecosystem has the freedom to to
participate in multiple projects simultaneously or at discrete
point of time [19][24]. They took it an opportunity to extend
their participation and contribution in multiple projects for
greater exposure, acceptance and visibility. According to a
survey, 5% of the OSS developers participate in 10 or more
OSS projects [14].

Even though these studies empirically defined the core
motivational factors of the developers in joining OSS
projects, they failed shot to shed light on the next part of the
story. That is, being part of the ecosystem, what factors
related to participation and contribution, assist a developer
achieving his career pinnacle? Because, statistics show that
only around 10% of the active developers are able to achieve
the rank of a top-notch developer during their career (see
section 4.3).

Therefore, the core focus of this research is to empirically
investigate the following,

What are the key factors related to participation and
contribution in OSS projects that assist developers to attain a
sustainable and reputed career within the OSS Ecosystem?

Under the hood, four distinct hypotheses are formulated and

examined by mining data from OSS project repositories.
These hypothesises will evaluate four distinct factors
associated with participation and contribution and are
analogous to the motivational perspective of developers (as
discussed above). Statistical verification of the outcomes for
theses hypothesis, and a cumulative assessment of the result
will draw a holistic view on the topic. In what follows, the
definition of the hypothesises.

H1:Plurality of contribution is positively associated with the
developers’ reputation in OSS ecosystem.

Contributing in multiple projects simultaneously or at discrete
point of time is popular among the OSS developers and is a
common practice. This hypothesis therefore investigates the
relationship between plurality of contribution in terms of
multiple projects to that of the developers’ current reputation
and rank.

H2:Persistent participation in projects is positively
correlated with higher reputation in OSS ecosystem.

Many developers have long career trail in participating
different OSS projects. For long lived developers this trail
ranges from ten to twenty-five years of contribution.
Therefore, it would be interesting to verify the impact this
persistent participation over the current reputation of the
developers.

H3:Trait of contribution is positively associated with higher
reputation in OSS ecosystem.
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It is a well-known fact that developers contribute in OSS
projects at different capacity, which brings a huge contrast on
the quality of what they contribute. Traditionally, developers
in OSS projects often review and assess the contribution of
their peers, and in turn recognize the highly significant
contributions. This process distinguishes the quality
contributions and their contributors. Therefore, this
hypothesis is intended to verify the correlation between the
quality of the contribution and the reputation of the
contributing developers, which is assumed to be positive.

H4:Volume of contribution should have a correlation with
higher reputation in OSS ecosystem.

As per the conventional wisdom, higher exposure in career
should be due to greater contribution in service. Therefore, the
more a developer contributes (in any valid category), the
better it is for his career growth. This hypothesis thus intended
to verify the relationship between the total number of
contributions to that of a developers” current reputation.

3. RESEARCH APPROACH

3.1 Data Source

OpenHub [25] is one of the largest repositories of OSS Project
data, and are widely used for research now-a-days. Open-
Hub, since its’ inception has consistently built a huge
repository of data by connecting 5,062,968 open source
contributors, is extracting 1,319,771 version-controlled
repositories (e.g., CVS, SVN, Git, Bazaar, and Mercurial),
indexing 496,022 OSS projects, and analysing
29,170,080,853 lines of code [25].

Alongside, statistics on OSS projects, people, artefacts and
ecosystem are also derived and made available for study. For
instance, statistics of developers’ activities, commit records,
length of contribution, language expertise, list of OSS projects
contributed, social interaction record and others [25].

All this information is made freely available by OpenHub for
research through a number of open APIs [26]. This study
extracted all the related information from OpenHub to
evaluate the hypothesises.

3.2 Terms and Interpretation

Following standard terms are used in this study which carry
their usual meaning according to literature and OpenHub.

Contribution in OSS projects refer to any form of commits
(e.g., code, comment, bug report, patch, documentation) made
by the developers. Merit of a contribution is judged against
several factors, e.g., severity of the problem solved, code
quality, etc.

Kudo is a social network-based concept adopted by OpenHub
to send and/or receive token of appreciation from peer experts
within the OSS community [25]. Depending on the merit of
the contribution, a developer may receive kudos from other
developers. Such appreciation (aka Kudos) are accumulated
to rank and distinguish developers (e.g., core and periphery
developers) [27].
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Kudo Rank defines the rank of an OSS developer on a scale
of 1 to 10, which is calculated by leveraging kudo send and
receive records [27]. Here, 1 is the lowest rank and 10 is the
highest. A kudo rank is the product of continuous assessment
of a developers’ contribution over a period of time [28], and is
associated with his reputation, skill, and productivity within
the community [27][28].

3.3Data Collection

OpenHub data are free to download with appropriate API
calls, which return results in XML format [26]. Prior to use
the APIs, an API key has to be accrued from OpenHub admin
through formal application [26]. Once the key is accrued, a
Java program is written and executed to automate the API
calls with the given key. Received XML data are stored in text
files for further processing. A brief description of the XML
data is presented bellow.

Member Account information. This study extracts 563,427
registered members (otherwise developers) account
information from OpenHub repository [26]. Following
information related to a member account is initially collected,
Account id: the unique id of the registered member.
= Name: the name of the account older.
= Post count: total number of posts made by a member in
OpenHub forum.
= Kudo score badges: this badge holds two distinct
information, namely, KudoRank and position. This
study utilizes the KudoRank as defined before.

Contributor Information. A contributor dataset holds
project specific contributions made by each member. For this
study, a total of 844,012 contribution records is harvested,
each of which holds the following data items:
= Contributor’s id and name (these two fields are specific
to the project in which the contributor is contributing).
= Project id in which contribution is made.
= Comment fraction in a commit.
= The time when a contributor commits his first and the
last contribution.
Total number of commits and the man month (i.e., the number
of months for which a contributor made at least one commit).
In the context of OpenHub Man Month represents the
accumulated contributions made by a developer in OSS
projects, e.g., LoC committed, documentation, writing project
wiki, and mailing list activity.

Kudo Received History. Following information related to
kudo received by a member for a given period of time is
collected,

= Sender account id and name.

= Receiver account id and name

=  Project id and name

= Contributor/receiver id, name and date when the kudo

was received.

A total of 46,926 kudo received entries are collected for this
study.
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Kudo Sent History.Following information related to kudo
sent by a member to his peer is collected,

=  Sender account id and name.

= Receiver account and name.

=  Project id and name.

=  Contributor/receiver id and name, and date when kudo

was sent by the sender.

For this study 57,458 kudo sent records are collected. Kudo
sent and received history data are then combined to generate a
uniform dataset that has the following data items: Sender
account id and account name, receiver account id and name,
project id and name to which the kudo was sent, contributor id
and name, and the date when kudo was sent.

3.4Data Processing
Data processing activity involves getting rid of the irrelevant
and missing information, eliminate outliers, and clustering the
data in accordance with the hypotheses. The processing stage
executes the following actions in sequence,
= A JAVA application is executed to extract the data from
XML files and saved in XLSX format. In this phase, data
associated with each XML tag is extracted to avoid any
accidental data loss. The generated XLSX file holds raw
data where each data column corresponds to an XML
tag.
= From the raw XLSX file, the data columns that are
pertinent for assessment of the hypothesises are
retrieved and clustered into individual files, one for each
hypothesis. For instance, data columns listing total
number of projects contributed by the developers are
extracted to separate file to validate Hypothesis H1.
Once done, an automated checking and cleaning of null
values is carried out using macros.
= Finally, the clustered data are aggregated, and statistical
validation (e.g., min, max, avg, correlation, regression as
appropriate) are carried out to evaluate the hypothesises.

Even though the data used for this study is protected by the
non-disclosure agreement of the conducting institution, the
research makes the partial snapshot of each of these steps
available in the given link [29].

4. ANALYSIS AND SYNTHESIS

4.1Plurality of contribution is positively associated
with the developers’ reputation in OSS ecosystem (H1).

Plurality is defined by the number of OSS projects contributed
by a developer, either simultaneously or at different time
periods. Within the OSS ecosystem, joining and contributing
to multiple OSS projects are a common phenomenon.
According to a survey, more than 5% of all OSS developers
contribute to10 or more projects [17]. Therefore, investigating
the correlation between the plurality of contribution to that of
the rank of a developer might reveal significant insight.

In order to do this assessment, the average number of projects
contributed by all the developers at each rank is calculated,
which is given by the following formula, assume that
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projects;is the no of projects contributed by developer;
n is the total number of developers at Rank;
avgjis the average no of projects at Rank;.

n
Then, avg; = Z Projectsj/n

j=1

The value of avg;is plotted against the corresponding Rank;,
where i = 1to 10, in a bar chart (Figure 1). According to this
chart, developers at the top rank (i.e., Rank 10)contributed to
11 projects on an average. This is the highest among all the
ranks. Analogues to this, developers at rank 9hold the second
position in terms of number of projects contributed. These
outcomes might indicate towards a linear association between
the rank and the project count; however, it is not. For instance,
developers at ranks 1, 2 and 3 perform almost as good as the
developers at rank 4, 5 and 6, respectively, in terms of number
of projects contributed. Additionally, developers at rank 6 has
contributed to equal number of projects(in average) to that of
rank 9 developers.

Avg. no. of projects contributed by developers/rank
12

11
6 6
5 5
4 L 4

4 3

Al

Rank1 Rank2 Rank3 Rank4 Rank5 Rank6é Rank7 Rank8 Rank9 Rank10

KudoRanks

Avg. no of Projects
(]

~N

Figure 1: Average no of Projects Contributed by Developers
in each Rank

Therefore, in order to better understand the significance of
plurality of contribution (i.e., avg. no of projects) over the
rank, this study further measures the Pearson correlation
coefficient(r) with the probability of significance p-value. The
result shows,

Correlation coefficient r = 0.7341 with
Probability of significance, p-value = 0.0156.

For reference, a r value closer to +1 (plus one) shows strong
positive correlation between the data sets and a p-value <.05
denotes that the correlation is statistically significant and
reliable. Therefore, there is a strong and significant positive
correlation exists between the rank of the developers and the
plurality of contribution (in terms of total number of projects
contributed) and thus the hypothesis holds.

However, correlation does not define causality (i.e., cause and
effect) relationship between the data sets. Therefore, it cannot
be claimed conclusively that plurality is the only factor related
to project contribution that defines developers’ rank. There
may be other associated project factors that also have impact
in this regard. This reasoning is also evident from the chart
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data, where lower rank developers found contributed to same
number of projects as that of the higher ranked developers.
This research identifies other project related factors (e.g.,
project profile, rating, impact on the market) that might play
apivotal role in defining the rank.

4.2Persistent participation in projects is positively
correlated with higher reputation in OSS ecosystem (H2).

In this research Persistent Contribution is defined as the total
number of uninterrupted years of participation of a developer
in OSS projects. In OpenHub, this length of participation is
calculated from the date of their first commit to to-date [26].

This measure is an essential factor, because developers who
are motivated to enhance their career, have to live long in
service [15][18]. Only then, they can consistently learn,
develop expertise, and contribute effectively in the projects,
which in turn will lead to their career pinnacle [21].

In order to analyse this perspective, the total year of
contribution for each developer in each rank is tabulated.
Then for each rank, the maximum, minimum and average
number of years of contribution is calculated. Additionally,
the deviation between the maximum and minimum for each
rank is computed. These data are tabulated in Figure 2.

| | ContributionYearLength ____
- MAX AVG MIN  Diff (max,min)
B = 12 8 15
2 s 6 3 11
N 7 3 15
a1 7 4 10
e o 7 5 7
e s 8 3 12
a3 5 1 12
[ BT 6 1 12
L 16 9 15
i 2 18 10 14

Figure 2: Contribution Year Length from first commit

The very first observation that can be drawn from this
tabulation is that developers in the lowest rank (i.e., in Rank 1)
has one of the highest years of participation for both
maximum (23 years, which is the 2nd highest) and the
minimum (8 years, which is the 3rd highest). Alongside, the
average value (which is 12 years) suggests that the two extents
are not outliers and most of the developers have around 12
years of participation record. This observation raises an
immanent concern, despite of such persistent participation in
OSS projects, why are these developers in the lowest rank?

Related research on the track suggests that within the OSS
ecosystem developers can be classified in different categories
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depending on their participation, which is popularly defined
as onion model [30][31]. Within this model, the active
developers, bug solvers reside around the centre, and the bug
reporter, peripheral developer, reader, and passive users
reside towards the outer surface. Most of the developers who
are merely readers and passive users have long participation
records with shallow contribution in the projects. They mostly
remain with the projects to gain knowledge and get the
updated product to be used for their need [32][30][33].
Therefore, this rank is considered outlier for this
investigation.
For the other ranks (ranks between 2 and 10), it can be noted
that the top ranked (rank 10 and 9) developers have the
highest number of participating years (in all three measures).
This sets a baseline in terms of persistence of participation to
attain higher ranks. However, in order to verify this opinion,
Pearson correlation coefficient is calculated between the
average length of contribution and the corresponding ranks.
The result shows,

Correlation coefficient r = 0.70 with

Probability of significance, p-value = 0.04.
As both these values are statistically significant (r ~ +1 and
p-value < .05), therefore, it can be asserted that the rank of a
developer is positively correlated with their persistent
participation in OSS projects.

However, the variance between the max and min years of
participation for the higher ranks (e.g., ranks between 7 to 10)
raises further concern to be investigated. Because, year
difference is 14, 15, 12, and 12 for ranks 10, 9, 8 and 7
respectively (Column 5, Figure 2). This difference is
exceptionally high for developers who are at the same rank.
This research recognizes few tightly related factors that might
explain the underlying reason of this variance. For instance,
developers’ consistency of contribution in terms of
man-month (that is the total number of consecutive months in
which a developer has made at least one commit), the quantity
and quality of contributions.

4.3Trait of contribution is positively associated with
higher reputation in OSS ecosystem (H3).

Developers in OSS projects contribute in different capacity,
which ranges from serious code contribution, bug resolution,
bug reporting to simple documentation, and merely being
passive observers [32][21]. As such, their trait (i.e., quality) of
contribution varies widely. Therefore, in order to appreciate
great and invaluable contributions done by the developers, a
method of appreciation is practiced with OSS ecosystem. This
is often known as Kudo, which is a token of appreciation send
to a contributing developer by others’ in the community to
acknowledge their scholarly effort. Accumulation of such
kudos lead a developer to achieve their career pinnacle (i.e.,
higher kudo ranks) [22].

In this study, trait of contribution is measured from the
perspective of the top-notch developers who sent kudos to
others. The educated assumption here is that the top-notch
developers definitely assess the quality of contribution (i.e.,
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commits) before attributing kudos against it. Because, these merit of an issue and its’ resolution. Therefore, they are the
developers have comprehensive knowledge on the projects, best people to attribute kudos to contributing developers in an
in-depth technical know-how, and analytical ability to assess authentic way.

Kudo No of % of Total Kudo sent to the receivers Total Kudo Kudo
Receiver Developers Developers (Developers' ranks are clustered in two consecutiveranks)  Received Received
Ranks / Rank /Rank /Rank (Avg. /Rank)
9&10 78&8 58&6 3&4 1&2
10 45 0,02 % 1296 84 11 2 402 1795 39,83 %
9 10064 4,29 % 34985 351 8 0 2398 37742 3,76 %
8 8321 3,55 % 6740 25 2 0 725 7492 0,91 %
7 3539 1,51% 864 12 0 0 4 880 0,25 %
6 1032 0,44 % 2 0 0 0 0 2 0,01%
5 451 0,21 % 0 0 4] 0 0 o 0%
4 219 0,1% 0 0 0 0 0 0 0%
3 130 0,06 % 0 0 0 0 0 0 0%
2 37 0,02 % 0 0 0 0 0 0 0%
1 211105 89,84 % 2 0 0 0 0 2 0,01 %
Total 234983 43889 472 21 ) 3529 47913

Figure 3: Kudos’ received by developers of Each Rank during their career in OSS ecosystem. Kudos are sent by other developers to
appreciate ones’ contribution.

In order to investigate this association between the quality of highlighted cells of top 4 rows in Figure 3). Among the
Kudos received and the corresponding rank of the developers, senders, only the top ranked developers with ranks 7 to 10,
this research categorically present the relevant data with sent 44361 number of kudos (which is 92,58% of the total
relevant analysis in Figure 3. The reported data is generated kudos sent) to the receivers. This cross-sectional perspective
by evaluating the kudo send and receive records of 234,983 of kudo sends, and kudo received with respect to developers’
developers. rank leads to the fact that kudo send and receive activities are
The first column in Figure 3 lists the receiver developers’ predominantly performed only by the top ranked developers.
kudo ranks in a descending order. Corresponding rows in the Therefore, the following observation can be ascertained,

second and third column present the total number of
developers and their percentile in a given rank, respectively.
This simple statistic reveals that only 45 (.02%) developers
attained rank 10, 10064 (4.29%) developers attained rank 9

The scholarly contributions made by the top-notch developers
are rigorously verified by their counterparts of similar ranks
before attributing the kudos.

and 8321 (3.55%) developers attained rank 8, out of more than Finally, this study calculates the per capita kudo received by
234K registered developers. On the contrary, almost 90% of each developer per rank. The result is shown in the last
the developers are at the primitive stage (i.e., Rank 1) of their column of Figure 3. According to this statistic, a developer at
career. Thus, reaching the pinnacle in ranking is not a trivial rank 10 received 39.89% of the total kudos sent, followed by
task to accomplish for the developers. the rank 9 developers (3.76%). Developers of other ranks
Further investigation calculates the total number of kudos have very insignificant portion of kudos received (either
received by the developers in each rank and listed under the bellow 1% or 0). This statistical evidence strengthens the prior
ranks of the sender developers. This data is registered in assertion that the rank of the developers is positively
column 4 through column 8 in Figure 3. For example, associated with the trait of contribution.

developers at rank 10 received a total of 1296 kudos from rank Furthermore, the Spearman correlation coefficient on these
9 and 10 developers, 84 kudos from rank 7 and 8 developers, data (data in column 1 and 10, Figure 3) reports the following,
11 kudos from rank 5 and 6 developers, and so on. These Correlation coefficient rs = p(rho) = 0.82 with
classifications of kudo according to the rank of the senders Probability of significance, p-value = 0.004.

would facilitate identification of several quality perspectives, The correlation shows strong positive association between the
which are reported next. data with high certainty. All these evidences lead to proclaim
According to this kudo sent record, the top ranked developers that the hypothesis holds.

(rank 7 through 10) received 47,909 number of kudos (which
is around 99.9% of the total kudos sent to all developers).
These kudos are sent by developers of all ranks (see the
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4.4 Volume of contribution is correlated with higher
reputation in OSS ecosystem (H4).

Conventional wisdom suggests that the more a developer
contributes to the projects, the more they will gain visibility,

appreciation, and get promoted to higher ranks. This
hypothesis is posed to verify the same by evaluating the
relation between quantity of contribution and the rank of the
developers [36].

Rank Rank Rank L ET LY
1 2 3 4

Years

Rank
5

Rank
6

Rank
7

Rank
8 Rank 9 10

<1/1/1997 0 0 0 0 0 0 0 0 0
1997 661.5
1998 602
1999 439
2000 147.5 258
2001 389.5 407

287 477
2003 679 447.5
2004 41.5 709 466.5
2005 215 1.5 1687 362
138 2148 403
4 1602 297
0 6.5 37 1390 101
0 2 7 1465 19
0 0 3.5 1290 90.5
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0

185

385

30.5 17512.5

1121 518

Figure 4: Yearly total commits per Rank

However, in knowledge intensive jobs it is often the quality of
contribution that matters more than the quantity. According to
the famous art critic and philanthropist, John Ruskin

Quality is never an accident. It is always the result of
intelligent effort. Software development is a knowledge
intensive engineering task [34].

This is often done by applying verified engineering
knowledge complemented by prior experience, and
problem-solving capability of the developers to get the task
done with quality assurance [34][35]. Accordingly, there are
two possibilities exists in achieving the career pinnacle:

a.Quality of contribution is what matters than the quantity, or
b. Both quality and quantity of contribution matters.

This study has already established a strong correlation
between the quality and the rank in evaluating hypothesis H3
(in Section 4.3).

Therefore, in order to explore the relationship between the
quantity of contribution and the rank, developers’ total
commits per year is counted and grouped by each rank. The
data is tabulated in Figure 4. Here, the columns correspond to
the ranks and each row represents total number of commits
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made by developers of each rank for a given year. The year is
starting from 1997 in which the first commit was recorded by
the OpenHub repository. Note that this table records Zero
commit entries for several years and for multiple ranks (e.g.,
for rank 1 there is no commit recorded for the years 2004
through 2013). This void in record may be due to missing data
in the source repositories. As yet it possesses a validity threat
towards the observation drawn next.

Based on the available data, it can be observed that developers
belong to top ranks (e.g.,, Rank 10 and Rank 9) made
consistently high number of commits from the year of their
commencement. Albeit, developers in lower ranks (e.g., rank
6 and rank 3) also made considerable number of commits,
which in some cases surpass the commits of rank 10
developers. For example, in the years between 2010 and 2012,
developers in rank 6 made higher commits than developers in
rank 10. This contrast in data lead to the hypothesis
verification inconclusive. Alongside, the correlation between
these two factors (i.e., total commits and corresponding ranks)
provides statistically insignificant results, with r = 0.58 with a
statistical confidence rating, p-value = 0.07 (>.05). Therefore,
the study does not find any support from the available data to
confirm this hypothesis and hereby rejected. However, having
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comprehensive dataset might lead to better conclusion with
higher confidence.

5. FUTURE RESEARCH

Evaluation of Hypothesis H1 establishes correlation between
the number of OSS projects contributed to that of the rank of
contributing developers. However, related studies reported
that top ranked developers are inclined towards high profile
projects with long traits of development record, huge
customer base, and having high customer rating and market
share. Therefore, investigating the impact of these project
factors in defining the ranks would increase the
comprehensiveness of the reported result.

Among the other findings of this study, the positive
correlation between the length of participation and the rank is
established. However, related data also reveals that
developers at the same rank has large variance in the number
of years contributed. This observation leads to assume that
there might be other associated factors that could explain this
oddity. For instance, consistency of contribution measured in
terms of man month can shed effective insight.

Additionally, quantity of contribution can be the other
decisive factor. This study establishes a positive correlation
between the quality of contribution to that of the rank of a
developer. However, the quality assessment approach one of
the many perspectives to be evaluated. Therefore, future study
should consider factors tightly related to the quality
assessment of the contributions, e.g., direct rating of the
commits made by the developers, severity level of the issues /
features resolved through the commits.

6. VALIDITY THREAT

Study of this nature is subject to construct validity. The core
concern related to construct validity is the data source and its’
authenticity. Data for this research is collected from OpenHub
data source which is an established name in patronizing OSS
project data by leveraging all valid project sources. Detail of
OpenHub is already presented in Section 3.1. Additionally,
several contemporary researches have utilized this data
source, and many research sites lists this forum as a
dependable source for OSS project data.

Another common concern related to construct validity is the
missing data. Even though the data provided by OpenHub is
highly structured and consistent, yet in few cases there are
missing data. Whatever the reason might be, it is definitely
detrimental towards the comprehensiveness of the research
and the result reported. This research has partially suffered
from this issue in case of Hypothesis H4. However, this
deficiency is duly acknowledged in reporting the results in
Section 4.4.

7. CONCLUSION

With commercial grade software development, Open Source
Software (OSS) Projects have established a firm ground in the
world software landscape for the last couple of decades. With
their unorthodox development process and practices, OSS
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ecosystem traditionally remains the core interest of the
developers from all round the globe. Thousands of qualified
techno professionals join OSS projects and contribute
voluntarily without monetary compensation. As such, OSS
projects and people become the centre focus of many software
engineering research.

One of the widely researched topics was what motivates
developers to participate in OSS projects, how they get
recruited and integrated in the projects. However, the other
half of the story remains unexplored - what factors related to
developer’s contribution lead to build a sustainable reputed
career?

This research explores the same empirically by leveraging
data from OpenHub repository. The transcript of assessment
shows that plurality, quality and length of service have strong
positive correlation with developers’ current reputation. That
is, developers’ reparation and acceptance within the OSS
ecosystem grows proportionally with greater quality
contribution in diverse OSS projects for a substantial period
of time. However, amount of contributions during a
developers’ service life have little impact on their reputation.
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