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ABSTRACT 
Context: In the present world, the companies on using the open source projects have 
been tend to increase in the innovation and productivity which is beneficial in 
sustaining the competence. These involve various developers across the globe who 
may be contributing to several other projects, they constantly engage with the project 
to improve and uplift the overall project. In each open source project, the level of 
intensity and the motivation with which the developers engage and contribute vary 
among time. For example, due to the lack of support and no proper guidance to the 
project may lead the novice developer to lose interest on working with it. Hence there 
is a need to address the possible factors that may affect the engagement of the 
developers with the open source software (OSS) projects.  
Objectives: Initially the research is aimed to identify how the engagement and activity 
of the developers in open source projects vary over time. Secondly to assess the 
reasons over the variance in engagement activities of the developers involved in 
various open source projects.  
Method: Firstly, a literature review was conducted to identify the list of available 
metrics that are helpful to analyse the developer’s engagement in open source projects. 
Secondly, we conducted a multi-case study, that involved the investigation of 
developer’s engagement in 10 different open source projects of Apache foundation. 
The GitHub repositories were mined to gather the data regarding the engagement 
activities of the developers over the selected projects. To identify the reasons for the 
variation in engagement and activity of developers, we analysed documentation about 
each project and also interviewed 10 developers and 5 instructors, who provided 
additional insights about the challenges faced to contribute in open source projects.  
Results: The results of this research contain the list of factors that affect the 
developer’s engagement with open source projects which are extracted from the case 
studies and are strengthened through interviews. From the data that is collected by 
performing repository mining, the selected projects have been categorized with the 
increase, decrease activeness of developers among the selected projects. By utilizing 
the archival data that is collected from the selected projects, the factors corporate 
support, community involvement, distribution of issues and contributions to open 
source projects and specificity of guidelines have been identified as the crucial and 
key factors upon the success of the open source projects reflecting the engagement of 
contributors. In addition to this finding the insights on using open source projects are 
also collected from both perspectives of developers and instructors are presented.  
Conclusion: This research had provided us a deeper insight on the working of open 
source projects and driving factors that influence engagement and activeness of the 
contributors. It has been evident from this research that the stated factors corporate 
support, community involvement, distribution of issues and contributions to open 
source projects and specificity of guidelines impacts the engagement and activeness 
of the developers. So, the open source projects minimally satisfying these projects can 
tend to see the increase of the engagement and activeness levels of the contributors. It 
also helps to seek the existing challenges and benefits upon contributing to open source 
projects from different perspectives.  
Keywords: Open Source Projects, Engagement, Metrics 
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1 INTRODUCTION 
1.1 Context 

 
The term open source commonly refers to the software where source code is available 
to all the users and are free to use, change and examine the software. It has received 
so much attention from the day this term came into existence. There exist many types 
of reasons for a software to be considered as open source such as size of project 
community, domain size, modularity, legal and managerial aspects etc. Among them 
one such reason is availability of code [1]. Depending on the type of domain addressed 
by an open source project, different organizations and individuals tend to use it. Free 
access of source code led to different types of development process which are not like 
each other. Differences that were particularly identified are [1]:  

1. Open source systems are built by involving large number of developers via 
internet. Most of the open source systems are supported by companies now a 
day.  

2. Designing of these systems does not involve a high-level design or a detailed 
analysis.  

3. A project plan for development does not exist.  
4. No one is responsible for assigning a work. It is undertaken voluntarily. 

 
Among these open source projects, high-quality and deployed software could be the 
major benefits when compared to other projects as peer review of the source code will 
be made by all users [1]. The main contributors for an open source project are users. 
Thus, it can be said that functionality of the software gets improved as number of users 
increases. There are several functional factors that motivate developers to contribute 
to the open source projects like [2]  

1. Normative: To align oneself towards the expectations of the peers.  
2. Values: often participants align with core belief of the organization they 

contribute with solidarity and value.  
3. Understanding: participants open contribute to open source projects to exercise 

the knowledge.  
4. Career concerns: The participants contribute to the open source projects when 

they are aiming for market related career opportunities.  
5. Ego enhancement: To simply put in words by contributing to the open source 

projects their self-esteem, self-improvement and personal growth. 
 
The usage of open source projects has been an emerging trend in the present software 
industry as the quality hike for the software that are developed through these projects 
is more [4] due to the peer review of code which later increases the business value. 
The increase in innovation and increase in the productivity to the open source projects 
are also an important factor that are attracting the software industry [5] [6]. 
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Kevin et al. [8] had identified metrics to measure success of open source software 
projects, which are as follows:  

1. User Satisfaction: The developer needs to be satisfied in the type of work and 
the environment that they are working with. The technologies that the 
developer deal with is within the developer’s interest.  

2. System and information quality: The developer needs to have access to good 
quality information, access to all the software and blueprint material needed.  

3. Individual or organizational impact: The developer needs to understand the 
basic source of inspiration that can be drawn from working on open source. 
They can only show significant impact if the technologies that they work are 
within their interest range.  

4. Use: The product delivered should have some sort of impact in real time. 
 
There are certain organizational benefits by using open source software [9]. They are 
reliability, stability, cost, flexibility, support, security, ease of deployment and 
audibility. The developers engage purely when they think the project or open source 
project is purely of their interest and they think to believe that they can contribute to 
these open source project. The developer engagement is linked to the metrics like user 
satisfaction and information quality. This furthermore enhances the individual or 
organization impact and improve product quality. Though there are large number of 
advantages by using open source software, there also exists certain disadvantages with  
it. Some of them are it is more vulnerable to malicious attacks, some of the software’s 
might not be user friendly, explicit support may not be provided by the system [1]. 

1.2 Research Gap 
 

The usage of open source projects has been an emerging trend in the present software 
industry and the success of these open source projects is based on the active 
contributions of the developers in that projects community, hence active engagement 
of the developers with the activities of the project is crucial for the success of the 
project [10]. As vast number of developers turn to these open source software projects, 
only small portions of them really step as active contributors [11] [12]. For instance, 
the developers joining the projects must go through the available documentation and 
resources of that project to get familiar and contribute to the project without any 
support. Hence it is a challenging task for any contributor to actively engage with the 
project with the limited resources. Despite the challenges that are faced by the 
developers, we have observed that there is vast variation on the number of 
contributions over time, and only few of the developers contribute actively to the 
project [63]. The continuous inpouring of newcomers and their engagement activities 
with the development of the project plays a crucial role for the success of the project 
[63]. One of the possible reason for stagnation of developer’s engagement that are 
joining open source projects might be the requirement of certain time and effort. As 
the open source projects teams are weakly structured, the people joining voluntarily 
should have to learn about the project from the available resources such as mailing list, 
source code repositories and discussion boards [64]. Some of the studies show that 
there are ample of resources and environments for the developers or the contributors 
to work for the projects [65] [66] [67] [68] [69] and in contradiction to it, decrease in 
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the rate of success of newcomers have been observed [70] [71], where newcomers 
joining the project may have various requirements than that of developers that are 
already engaged. In some cases, the number of contributions are acutely increased and 
in others it goes down strongly.  
 
The gap is related to the fact that there are projects that are very successful in terms of 
attracting developers, while other fail to do. This means that it would be beneficial to 
understand what are the causes for attracting or losing the developers while working 
in the open source projects. Some ways to understand the reasons for developers to 
continuously engage in OSS projects is to consider what are the metrics that help to 
estimate the engagement activity of the developers. The metrics help to understand 
how engaged and active are developers in open source projects. After investigating the 
metrics that help to estimate the OSS projects. The article [17] suggested that some 
survival factors are essential in estimating the success of the open source projects.  
 
The developers when they are working in OSS projects sometimes would not 
continuously engage if they find difficult to work through the OSS project like 
improper specification of things to do, no proper requirements specifications these 
would impact their active contribution. So, there is a need to understand the 
engagement of the developers and factors effecting the active engagement of 
developers. The research especially when it comes to the factors that affect the 
engagement and activeness of the developers is relatively less. Most of the articles 
primarily focus on the benefits and challenges faced while using OSS projects. In some 
articles, they have used some metrics within the OSS projects to understand the OSS 
projects. The gap is due to less research that is performed in understanding the factors 
that are affecting the developer’s engagement. From our study we can get the survival 
factors that are affecting developer’s engagement.  We would like to analyze the open 
source projects for the activeness and engagements of the developers and analyze the 
reasonable survival factors affecting them. The research on survival factors are helpful 
to understand and importance of their very existence, if their existence within OSS 
would mean a lot better OSS projects could be created over a period then we strongly 
believe this study would be more practical and reliable data while working with OSS 
projects.  

1.3 Objectives 
 
The aim of the research is to investigate the factors that are altering the level of 
engagement and activeness of the developers in the open source projects. At first, the 
objective is to investigate the level of engagement and activeness of developers in 
various open source projects. Secondly, to identify the factors which impact the level 
of engagement and activeness of developers. In addition to the observations from the 
projects, interviews with the developers and instructors add support to the data that is 
gathered. Given below objectives will help us to achieve the required outcome. 
  

▪ To identify the engagement and activeness of the developers in open source 
projects.  

▪ To identify the factors affecting the engagement of the developers in open 
source projects.  

▪ To identify the challenges, benefits faced by the developers using open 
source projects. 
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▪ To identify the challenges faced by the instructors to involve participants in 
open source projects. Since there are no contacts related to the projects 
selected is because the open source projects are not only for developers they 
can be helpful for students, for example the teachers can motivate them to 
involve more into these projects, if and only if the open source projects are 
efficient then it can be easier to work through. 

1.4 Research Questions 
 
We have defined the following research questions that are as follows: 
 
RQ 1: How engaged and active are developers in open source projects? 
 
Motivation: There are several projects that could be accessible in the internet ranging 
from normal small range web applications to complex project environment with 
continuous contribution over a period of time since the very beginning when project 
was created. The developers who involve and engage in open source projects over the 
years is continuously improving. However, there are some challenges like there is both 
increase and decrease in the contribution by the developers to these open source 
projects. So, we have taken this study as an opportunity to look into initially how 
engaged and active are the developers when they are working in open source projects 
was our primary motivation for this research question. Active engagement of the 
developers in the open source projects leads to the success of the projects [10]. The 
suitable analysis of the metrics describing development process or measuring the 
developer’s contribution activities are used to state the engagement levels of the 
developers [25]. This research question is focused on investigating how developers are 
engaged with the open source projects and how active the engagement of developers 
with these projects. 
 
RQ 2 What are the factors that affect the engagement and activeness of developers 
working on open source projects, furthermore how do these factors influence the 
survivability of open source projects? 
  
Motivation: Despite on having an increase in the number of failure rate within the 
open source projects [13], The problems related to low engagement and inactiveness 
leads the projects to lose or not attractive to contributors, which can lead projects to 
fail [14]. If the developers do not engage continuously there will be several open source 
projects with pending solutions still to be formulated [14]. The identification of these 
factors which define the survival of the open source projects is beneficial in two ways. 
Firstly, these can be predicted as the warning indicators to the open source projects, 
from which the managers can assess their project survival and take necessary 
diagnostics to the current project. The indicators for the traditional software projects 
and the management principles like plans, system-level design, schedules, and defined 
process management [15] cannot be relied on managing the open source projects. From 
the literature and case study only, the state of the art has been derived where 
observations have been made from the numbers and graphs. So, to support the result 
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we have chosen the state of practice where the benefits and challenges can be known 
from those who used them, that is achieved through interviews. The results from these 
interviews add much support to the findings made in the case study. These interviews 
help to collect the experiences faced by the developers on working for these type of 
open source projects. In the similar way, we hoped to obtain the insights of the 
instructors, where students were involved with the open source projects. 

1.5 Expected outcomes 
 

1. Engagement and activeness of the developers are observed from the graphs 
among the selected projects. 

2. Factors that help to improve the engagement and activeness of the developer’s 
in the open source projects are addressed. 

3. Factors affecting the contribution, challenge’s and benefits from the interviews 
conducted are considered to compare them with archival data analysis results. 

1.6 Structure of Thesis 
 
The structure of this report is classified into six chapters namely, Introduction, 
Background and Related Work, Research Methodology, Results and Analysis, 
Discussions, Conclusion, and Future Work. 
 
 

 
Figure 1: Structure of Thesis 
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2 BACKGROUND AND RELATED WORK 
 
The background work was done to know the state of art developer’s engagement with 
the real time open source projects. With this information, we can understand what is 
the existing literature in the respective field. Important areas focused within 
background literature are primarily related to open source projects, metrics used to 
measure engagement of developers and the challenges faced on using open source 
projects. This provides the research with adequate amount of knowledge in context of 
the metrics that can help predict the developer’s engagement in open source projects.  
In addition, the challenges and benefits faced by the developers while contributing to 
the open source projects are presented in this study. 

2.1 Different Studies related to Open Source projects 
 
Barkmann et al. [18] had quantitatively draws the conclusions by identifying statistical 
significance of the quality metrics that are applied on the open source projects. The 
applied quality metrics are only restricted to the java object oriented open source 
projects. This reflects in the conclusions that syntax errors- they are significantly 
noticeable in the open source projects. 
 
Park et al. [19] describes to sustain the success rate for a long period, a continuous 
process is needed. This continuous process involves addition of newcomers/new 
developers and their active involvement with the open source projects. To sustain the 
continuity of open source projects the cycle should never stop. From the experiment 
conclusions suggest that existing environments and development tools that help run 
the open source projects are not promising and this affects the new developers joining 
the open source projects. 
 
Mishra et al. [20] addressed that the peer code reviewing is a common quality 
assurance phenomenon that is applied in the open source projects. In this peer 
reviewing two systems namely Rietveld and Gerrit peer code review systems are very 
prominent in reviewing open source projects. 
 
Godfrey et al. [21] had significantly differentiates the traditional projects and the open 
source projects. The opens source development model primarily focuses to develop a 
system that is useful and interesting to the people, here people in the sense who are 
working on it which is same motive as the traditional in-house development model the 
differences is the open source models do not strive to fill the commercial void. Linux 
which is indeed open source project and very large project. When these kinds of large 
systems are investigated, the conclusions are as the system size increases the growth 
of the systems tends to slow down. 
 
Ben et al. [22] evaluated the developer’s contribution towards the open source projects 
in the code perspective, the code that is being developed and contributed by the new 
developers that join the community of open source project is lesser significant and 
these conclusions are drawn by conducting a barcode visualization of early and later 
period contributions. 
 
Since 1980, the evolution from commercial software to open source software is 
increasing day by day [22]. There are open source projects, where new developers join 
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and contribute to the system. The developers work effort (engagement/interaction) on 
open source projects and their level of engagement might not be same as compared to 
the work effort projected on the traditional models. Thus, to calculate the developer’s 
engagement several factors play important role to identify how the developers engage 
with open source projects. 
  
Verena et al. [25] some additional new metrics can be noticed like commits, bug 
assessments performed by the developers which help to indicate the behavior of the 
developers. The author tried to deduce the commits, bug fixes, mailing activity among 
the developers and the bug comments among the developers over a duration of 1 month 
to understand how these metrics influence them. Within the software engineering it is 
important to address the metrics that are applied during the development process and 
at other software development life cycle levels. There are several repositories online 
that help to work specifically words special metrics like defect prediction and effort 
prediction these projects specifically help to address these metrics. The developers are 
classified based on their commits, bug fixes and the activity. 
 
Hata et al. [26] the author uses variety of metrics related to complexity metrics, number 
of bugs, number of changes made, lines of code, total lines of code, deleted lines of 
code and churn lines of code which is the sum added and changed lines of code to 
estimate the developer’s effort during their work in the open source projects. The 
results from the article suggest that from the effort based evaluations the cost involved 
in quality assurance is directly proportional to lines of code which is a measure of the 
size. 
 
Jiang et al. [27] the Commits logs are used as base criteria to understand how many 
bug fixes are performed in the open source project. This helps to clearly indicate where 
the work is stopped and easy for other developers to relate to the ongoing project as 
these open source projects continuously evolve over the period such tracking of 
important entities like commit log, start and end date of developers commits and clear-
cut details of updates, fixes and development made are very critical. 
 
In the article Hindle et al. [72] the author supported that large commits help in 
modifying the architecture of the systems, difference between small commits and large 
commits is that small commits were corrective/ correcting errors is surgical whereas 
the large commits are perfective/ perfecting of a system. The large commits help to 
increase a clear understanding about system architecture. 
 
Related Work:  In articles [25] [26] [27] the authors have used the metrics as a starting 
point to understand how the developers engage with the open source projects and their 
interaction level several metrics play vital role in evaluating the engagement levels. 
Our next aim is to identify the metrics that can be helpful to predict and estimate the 
developer’s engagement within the open source projects to understand which factor 
play important role in identifying the developer’s contribution towards the open source 
projects. In the article Hindle et al. [72] the author stated that if number of commits are 
large in number then it helps in perfecting the system architecture. The article is 
relevant to the study and makes sense to consider the commit data logs to know how 
engaged are the developers. We only considering metrics that help in our observations 
so we have not considered the large commit analysis part, our study only focuses to 



 

8 
 

know which metrics might help for observations about how developers contribution 
levels respond with respect to various metrics in different OSS projects. 
 
Further to understand in a much broader view within the literature on which metrics 
are used by different authors to understand the effect of engagement of developers the 
authors have reviewed the literature data and created a table which includes the metrics 
used by authors for understanding developer’s engagement. 
 
So, the below table presents the results on the review of literature done in this research 
for defining the list of metrics used to understand effect of activeness and frequent 
engagement of the developers within open source projects. The references to the 
metrics are added in appendix 1. 
 
Table 1: Showing the respective metrics, the description about the metrics and the 
corresponding matching literature source from which it is drawn. 
 

S.NO Metric  Description    Literature source 

       
1 Response time Total amount of time taken S13    

   to respond for a request      
2 Lines of code  count of all executable S13, S1, S15, S3, 

   lines of code    S16, S7, S2, S11, 
          S14    
        
3 Team  Amount of work done by S13    

 performance  team in each amount of     
   time.           
4 Number of Number of bugs committed S13, S1, S17, S2 

 failures  by a developer        
5 Number of post or Number of insertions made S4    

 number of files by the developer       
6 Number of bug Any comments made by S3    

 comments  the developer about the     
   posts made         
7 Code size  Number of lines of code S24    

       

8 Productivity and It is the measurement of S8, S9   
 quality  output per unit of input      
9 Features added Additional features to be S1    

   added. Feature is a     
   character that needs to be     
   added to a simple basic     
   template to improve user     
   experience.         
10 Commit data  Number of modifications S1, S3, S5, S4, S16, 

   made to the source code at S10, S2, S6, S12 
   file level made by the     
   developer         
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11 Inter commit free Average time between the S3    
 time  commits          
12 Number of classes Number  of modified S14    

   source code classes       
13 Number of Number  of modified S14    

 functions  functions in the source     
   code           
 
To understand our first research question which is how engaged and active are 
developers in open source projects the article [25] [26] [27] support that to understand 
the engagement of developers then they have used metrics to understand effect of 
engagement. Within the open source projects some metrics from the above table are 
repeating or used more number of times on different occasions in different articles by 
authors. Among these metrics some of them we believe we can use in this study 
specifically the one which are repeatedly used in different articles.  
 
Jing Wang [17] Investigated the free open source projects from Sourceforge.net to 
draw the conclusions about the survival factors that affect at various stages in the open 
source projects life cycle. Among the several factors that influence the open source 
projects, developers that work on the open source projects are needed to be aware 
factors like time and focus. 
 
Motivation: The Survival factors that help in predicting the open source projects are 
addressed in the article [17] this paper acts as a motivation for our study in estimating 
the developer’s engagement during the open source projects. If at all there are 
fluctuations in the developer’s engagement over a period time with respect to metrics 
then authors would like to take advantage of these survival factors to understand from 
the observations if these factors do show impact or effect on the developer’s 
engagement. So, in our study it is important to understand that the metric terminology 
is different from the survival factors. 
 
Thus, despite the chance of success relatively low in case of the open source projects 
the survival factors are essential and the challenges that are faced while the developers 
are working in the open source projects by the developers have utmost importance and 
need to know basis. These challenges are important to address and the factors that can 
act as the measurements to identify the developer’s engagement with the open source 
projects. Due to repeatability of metrics or no new information useful for our research 
is available and from the search string that we have used we have considered all the 
relevant articles related to the OSS projects. Most of the metrics that are used in the 
study were repeated and among them we have considered all the metrics that were used 
in the articles to understand the available metrics that can be used in the open source 
projects. Our research did not miss any valid metrics and the work considered almost 
all metrics and reliable.  
  
If the factors that help to identify the survival of the free open source projects then they 
act as warning indicators for the project managers to assess the chances of survival, 
address and resolve the problem that is faced [17]. It is important to identify these 
warning indicators as the project managers are the primary once who stress on these 
open source projects than the usual developers, this is because developers do not have 
sufficient time, management skill to substantially look up the entire project. So, for the 
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project managers to make their work simpler the warning indicators are very important 
and critical to resolve the challenges and increase the survival of the free open source 
projects [17]. Thus, to improve the success rate of the project depend on the 
engagement of the developers primarily when open source projects are considered. 
These engagements vary from time to time and there are several factors that influence 
these variations.  
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3 METHODOLOGY 
 
This section of the document contains the research method that has been applied in 
this thesis. Also, the motivation for the selection of the appropriate techniques is also 
mentioned. The methods selected have been traced back to the research questions for 
this study. The research method clearly describes the way the research is carried out 
and how the results are interpreted by using the data that is collected from these 
methods. The results and analysis of data are described in the next sections of the 
document. In our thesis, case study was carried out to which both the qualitative and 
quantitative data collection techniques are employed to answer research questions. 

3.1 Metric selection and motivation 
 
From the above literature search, number of metrics have been stated in various 
sources where each of them have their own functionality. As our literature is mainly 
focused to distinguish the metrics for evaluating the developer’s engagement over 
time with respective to the selected project, the selection of required suitable metric 
for carrying out the study is a crucial part and the reasons for selecting metrics are 
discussed below: 
 
• The metrics suitable for this study are lines of code where this metric evaluates the 

number of lines of code a developer has contributed to the projects which states 
the contribution level of the developer.  

• The next metric is the number of commits where the commit frequency can be 
observed to analyse the contribution frequency of the developers to a project.  

• The number of files metric can be classified with the other metrics such as number of 
posts, number of classes and number of functions. All these metrics denotes the  
changes made to the source code, which is an individual developers activity to be 
stated.  

The other main reason for selecting these metrics is that, among all the listed metrics 
from the literature these are most popular and frequently used metrics, hence these are 
selected for carrying out the further research of the study. The frequency of usage of 
these metrics can be seen from the table 2. 
 
Table 2: Metrics with their corresponding literature source 

Metric Literature source 
  
Lines of code  

 S13, S1, S15, S3, S16, S7, S2, S11, S14 
  
Commits S1, S3, S5, S4, S16, S10, S2, S6, S12 

  
Number of files S14, S4 

  
  

 
The metrics considered are only for observations. The lines of code, commit data, 
number of files, number of hours are only for observation purposes we did not use 
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them for any further analysis so we did not stress heavily on it by looking into 
additional specific related work. 

3.2 Case Study 
 
It is defined as an empirical method “that helps in examining the current phenomena 
in their context” [33]. The motivation for selecting the case study is that, firstly the 
proposed research aims at examining the factors that affect the engagement of the 
developer’s in projects, case study has been most suitable to the described problem 
and aim, which is to be solved in real world setting. Moreover, in the field of software 
engineering, a case study will be a most suitable research method for an exploratory 
case which defines what is happening and suggest improvisations to the studied 
phenomenon [33]. As the current research aim, can be categorized to have both 
exploratory and purpose to improve, case study was chosen to carry out this research. 
  
A case study research involves collecting methodical information from different 
sources with respect to well defined unit of analysis. It is an ideal methodology when 
in-depth analysis is necessary and involves a rigorous study by covering whole range 
of situations from initial to final situations [31]. This method depends on different data 
collection techniques such as interviews, surveys. Various investigations have been 
carried out particularly in sociological studies using case studies [32]. There are certain 
steps need to follow while performing a case study [33] [32]. 
 

• Designing of case study by defining objectives and planning case study.  
• Making necessary preparations for data collection by defining procedures and 

protocols.  
• Gathering evidences for executing the collected data pertaining to each case.  
• Analysing and reporting data. 

 
Case study Research process mainly includes [33]  

• Case study design: Defining objectives and planning.  
• Data collection: Defining procedures for collecting data.  
• Evidence collection: Executing the data collection procedures.  
• Analysis: Analysing the data by applying analysis procedures. 

 
There also exist other three type of case studies according to Klein and Myers [33] 
which gets varied upon research perspective. They are positivist, critical and 
interpretive. 
 

• Positivist: This case study searches the evidences for the propositions made, 
tests hypothesis and draws conclusions from sample population.  

• Critical: This study model aims at identifying different forms of dominations 
that hinder the human ability.  

• Interpretative: This study understands phenomena through the participant’s 
interpretation of context. 

 
Our study is a critical study as it aims at social critique and being emancipatory i.e., 
identifying different forms of dominance or involvement that affects the open source 
projects. 
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Data gathered as a part of empirical study can be either qualitative or quantitative. 
Qualitative data is more towards pictures, diagrams whereas quantitative data has 
different numbers and classes. Case study is mostly towards gathering qualitative data 
as they provide deeper description about context. But combining both qualitative and 
quantitative helps in deriving better results and better understanding about the 
phenomenon [33]. One of the key aspects of case studies is multi-perspectival analyses 
where researcher not only considers the group of actors but also interaction between 
them. It is also known as triangulated research strategy where triangulation can occur 
within theories, methodologies, data etc. As case study provides a detailed analysis on 
context of the research as different perspectives of an area can be known. This provides 
a strong motivation for conducting case study to understand different perspectives of 
different professionals involved in open source software management. 
 
There exists other type of research methodologies such as survey, experiment, 
ethnographic studies along with case study, but case study contain elements of other 
research methods [34] [33]. Consider an example where survey can be conducted as a 
part of case study, ethnographic methods such as interviews and observations are used 
for data collection in case studies and literature review will always be performed before 
conducting case study [33]. Thus, it can be said that case study helps in capturing the 
information from all types of methods without allowing them to lose their essence and 
complete the research in a systematic manner. 
 

3.2.1 Motivation for Case Study: 
 
Runeson et al. [33] stated that when it is necessary to identify relation between two or 
more contexts, this type of research method is helpful but applying these types of 
contexts in actual time would make context typical. Following a protocol to conduct a 
multiple case study can help in enhancing the reliability of research. Protocol can be 
stated as developing an overview of case study project, defining field procedures, 
determining case study questions, and finally formatting the report. The key aspects 
which made to perform case study to complete our research is as follows: having a 
nicely framed research questions related to our research, conducting an analysis in 
real-time perspective for the defined research questions, availability of data obtained 
through empirical investigation and maintaining a link between hypothesis, 
prepositions that are assumed previously with data gathered so that this can help in 
determining useful conclusions finally [35]. 
 
Considering our scope and objectives, it is thought that the objectives can be answered 
clearly and deeply by conducting a case study. Scope was defined properly; research 
questions were framed such that they are answerable to identified research gap. Time 
and resources available for the research, access to necessary data are primary reasons 
considered to select case study as the research method [36] [33]. 
 
Consider one of the methods survey where it involves distributing a questionnaire to 
large number of people to gather their opinion. It involves lot of hard work and a time-
consuming task compared to other methods as there is a chance of late reply from 
expected persons. It a quantitative research method where data gathered can be 
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analysed to generate new valid recommendations and validate hypothesis. Survey 
results can also be used to get qualitative responses [33]. 
 
Conducting survey in this context can help in gathering quantitative data within the 
given period but data gathered would be part of a single dimension. There might be 
chance of miss-understanding the results written or answered in questionnaire [34]. 
There may be several factors which contribute to this situation such as participant may 
miss-understand the question and provide wrong inputs [37]. Thus, it can be said that 
case study allows to get qualitative and quantitative data and perform ethnographic 
analysis by not only working on present scenario but also explore previous experiences 
by reading the relevant literature [38]. 
 
Experiment can be conducted when set of variables that are dependent on each other 
are found. Relation between each of these variables is studied by using different 
constraints. Experiment is mainly applicable in situations where hypothesis need to be 
validated and are not suitable within the case study as scales of measurements and 
variables only sets to be clear when the case study advances [39]. This is one of the 
explorative studies which consumes bit more time but provides ways to overcome 
challenges in development process. Fixed variables are not seen in this method [38]. 
 
Action research study involves study of internal activities in an organization where 
researches part of daily routine problems is involved. Here organization and root cause 
of the problem define problem statement is explored by further reviewing the processes 
that are like real-world contexts. 
 
It is an extensive single case study where a lot of interest and dedication is necessary 
for a researcher. It expects the researcher participation until cause is defined to mediate 
the activities that are being conducted for providing insights about the process. This 
research is conducted with in a team or an organization. Solution to the problem is 
identified after identifying problem’s cause. Thus, considering these exclusion criteria 
and many stated above, case study is chosen to conduct this research [35]. 
  
Case study can also be conducted as single or multiple way. A single case study is 
chosen when situations are critical, unique and requires an individual set up. Whereas 
multiple case study can be used when circumstances need to be linked with different 
environments. As stated above, case study can include other methods such as survey, 
experiments etc. or combination of these methods. Similarly, combination of these 
methods can be used to frame a research method such as action research or 
ethnographic case study. 
 

3.2.2 Case study design 
 
As per the case study guidelines [33] the design for the case study consists of several 
steps among them each one is interlinked with our project objectives as follows: 
 
• The case 
As per the guidelines [33] a case can be “anything that is a contemporary software 
engineering phenomenon in its real-life setting”. For the research purpose studying 
the entire software project over the time is a challenging process to perform, hence the 
researchers tend to focus on some of the aspects of the selected project as their case 
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study. Yin has distinguished a case [40] as holistic and embedded case studies where 
holistic is referred and embedded are the studied with multiple unit of analysis of a 
case. So, the case in here can be classified as embedded multiple-case study as the 
research is not confined to a single project. 
 
Units of analysis: The unit of analysis to this selected case study are the engagement 
of the developers in various open source projects and their activeness in these projects. 
 
Table 3: Table showing the Projects and Descriptions. 

S/No Project 
Name  

Description 

1 Apache 
Camel 

Apache Camel provides a Java object based 
implementation of enterprise Integration Patterns using 
declarative Java Domain Specific Language to support 
type safe smart completion of routing rules in an 
integrated development environment. Camel can also 
have sustainable support for unit testing your routes. 
Apache Camel make available to support for Beam 
Binding and seamless integration with prevalent 
framework such as CDI, Spring, Blueprint and Guice. 
 

2 Apache 
Storm 

Apache storm is a computing framework in distribution 
steam processing written in Clojure programming 
language. Developed by Marz and team at BackType, and 
the open source project after being acquired by Twitter. It 
is designed as a topology in the shape of a directed acyclic 
graph with spouts. It is top level project in September 
2014. 
 

3 Apache 
Cordova 
Android 

Apache cordova android is the popular mobile 
application development framework created by Nitobi. It 
enables software programming to develop applications 
for mobile devices using CSS3, HTML5 and JavaScript 
instead of relying on platform such as Android, iOS, or 
Windows Phone. And it also enables the wrap up of 
CSS, HTML, and JavaScript code depending upon the 
device platforms. 

4 Apache 
Thrift 

Thrift is binary communication protocol and interface 
definition language used to create services for numerous 
languages for remote procedure call (RPC) framework. It 
is also used to development in Facebook for “scalable 
cross-language services development”.  It merges a 
software stack with a code generation engine to build 
cross- platform services that can connect several 
languages and frameworks including Action Script, C, 
C++, Perl, PHP, Python, Ruby and Smalltalk. 

5 Apache 
Mesos 

Apache Mesos provides well organized resource 
isolation and sharing across shared applications or 
framework. It enables sharing resource in a fine-grained 
manner improving cluster utilization. Apache Mesos 
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adopts many large software companies such as Twitter, 
Airbnb and Apple not less than 50 companies use Mesos. 
Mesos uses Linux C groups to generate isolation for 
CPU, memory, I/O and file system. 

6 Apache 
Zeppelin 

Apache zeppelin with spark integration provides 
automatic SparkContext and SQLContext injection.  
 

7 Apache 
hbase 

Apache hbase is the distribution database modeled after 
Google’s BigTable and also written in Java. It provides 
fault-tolerant way of storing large quantities of sparse 
data. The main feature of HBase are compression, in-
memory operation, and bloom filters on a per column 
basis as outline in the BigTable paper. HBase idolized 
widely due to lineage with Hadoop and HDFS. 
 

8 Apache 
Spark 

Apache spark is a computing framework developed at 
University of California, Berkeley’s AMPLab. It provides 
an interface for entire clusters programming with implicit 
data parallelism and fault-tolerance. It developed in 
response to limit the MapReduce cluster computing 
paradigm in which forces a linear dataflow structure on 
sharing programs. 
 

9 Apache 
couchdB 

Apache couchdb is open source database software which 
focuses on the ease of use and the architecture that 
completely hold the Web. It is implemented in the 
concurrency oriented language Erlang and has document 
oriented NoSQL database architecture. It doesn’t store 
data and relationships in tales. 

10 Apache 
Wicket 

Apache Wicket provides a lightweight component –based 
web application framework for Java programming 
language with an idea similar to Java Server Faces and 
Tapestry. All server side state is automatically managed 
in wicket. Each server side page component carries a 
nested hierarchy of state components. Wicket is all about 
simplicity with no configuration files. 
 

 
• Theory and measures 
Verner et al. [41] suggested that conducting a comprehensive literature review in the 
starting of the research project forms a strong foundation for the later studies. This 
comprehensive literature review can also help in defining the research objectives, 
providing various measures and concepts of the study, justifying the reasons for the 
study and to know how the previous researchers have performed the related studies. 
In this study, a literature review has been carried out which covers the theoretical part 
and resulted in knowing the various metrics that are helpful in analysing the projects. 
This in turn evaluates the developer’s contribution and the activities with the projects [25]. 
 
• Data collection for the case study 
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As our research is focused on how the engagement of the developers with the open 
source projects is frequent on these days, the authors have selected the open source 
projects where the contribution level of the developers are at a reasonable rate. 
 
During this research, Gitbash has been used to retrieve the required data from the 
selected GitHub projects. This repository stores the information of the developers 
from which the related metric data is extracted that are prioritized from the literature. 
We performed repository mining to gather the data from the open source GitHub. The 
literature is explored to find important articles that can support the finding made and 
cross validate them. Furthermore, interviews are conduced to support and formulate 
concrete results to perform analysis. 
 

• Case Selection Strategy 
Authors have preferred the GitHub repository as it is the largest host for several open 
source projects and which has been frequently used by many developers. Form the 
repository the authors have selected the apache foundation which organizes several 
open source projects, the criteria the authors have followed for the selection of the 
open source projects are listed below 

i. The project must be part of apache. 
ii. The number of contributors for the project must be minimum of 50 developers.  

iii. The time span of the project must be at least of 5 years. 
 
Only these cases are taken only criteria was for better comparison. The apache projects 
were only taken as the open source projects are very big in size in terms of developers. 
This helps to further enhance the analysis section. If at least 50 developers are there 
then it helps to show the variation in data or input the developers are providing. So, 
these criteria were taken into account in selecting only these 10 cases with minimum 
of 50 developers. 
 
With the criteria to select the projects the authors have selected 10 open source projects 
and are as follows. The investigated projects indicating corresponding apache project 
type, number of distributors and time span. 
 
 Table 4: Selected projects 

Serial PROJECT NAME NUMBER OF TIME (Since) 
  CONTRIBUTORS till 14 
Number    December  

    2016.  
1 APACHE/CAMEL 266  MARCH 18, 

    2007  
2 APACHE/MESOS 233  JUNE 05, 2011 

     

3 APACHE/ZEPPELIN 184  

JUNE 16, 2013 
(exception with 
only four years) 

     
4 APACHE/WICKET 50  SEPTEMBER 

    19, 2004  
5 APACHE/HBASE 96  APRIL 01, 
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    2007  
6 APACHE/CORDOVA- 136  OCTOBER 12, 

 ANDROID   2008  
7 APACHE/COUCHDB 107  MARCH 23, 

    2008  
8 APACHE/STORM 234  SEPTEMBER 

    11, 2011  
9 APACHE/THRIFT 134  MAY 21, 2006 

      
10 APACHE/SPARK 1011  MARCH 28, 

    2010  
 
 
 

• Methods of Data Analysis 
The data that is extracted from these projects was analyzed as per the metrics that 
were described from the literature. The details regarding the performed semi-
structured interviews can be found in the below section and results are stated in the 
chapter 4. For the data analysis, we would like to apply descriptive statistics and 
perform thematic analysis for the data collected using semi structured interview. 
 

3.3 Data Collection 
3.3.1 Data collection tools for Repository Mining 

The tools that area used for data collection are  
• Gitbash1 and Git commands are applied to identify number of lines of 

code, files and commits.  
• Docker2 is used for Finding the activeness, activeness is for active 

time spent by the developer. 
 
3.3.2 Interviews 
 
Interview is one such data collection method where researcher interacts with the 
participant by asking a series of questions. There exist many other data collection 
techniques like survey where a questionnaire is prepared and sent too different 
professionals stream. Questionnaire consists of questions to collect different kinds of 
information. Though survey involves a large pool of members, bias in results in seen 
if questionnaires are not prepared and monitored properly. Considering interviews, it 
requires less background research and knowledge about the investigating case. 
 
There are three types of interviews which can be categorized as structured, semi-
structured and un-structured. Structured interviews are such type where researcher 
poses some questions and expects a short and immediate responses without much brief 
discussion on any other issues. In these type of interviews respondents will give 
answers to questions which are familiar to them. Semi-structured interviews consist of 

                                                 
1. Git Bash available at- https://git-scm.com/downloads 
2. Docker tool is available at- https://www.docker.com/docker-mac 
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both open ended and close ended questions. Here respondents can answer the questions 
such that they show case the knowledge they have in a particular area [33]. Additional 
information can also be gathered along with expected information. Unstructured 
interviews can be stated as type of interviews which have a limited scope for discussion 
and thereby increases the difficulty of researcher while generalizing the results. These 
interviews do not maintain a protocol and it depends on researcher and respondent in 
gathering the relevant information suitable to the research. Semi-structured interviews 
are selected for this research as it includes both open-ended and close ended questions 
and also has the combined benefits of both structured and un-structured data [35]. 
 

3.3.3 Motivation 
 
Qualitative information can be gathered by conducting interviews which further helps 
to validate the findings. Individual opinion on a topic can be known as interviewer and 
participant interacts with out much deviation from developed protocol. If an 
unstructured interview is selected, then there is a chance of not being able to gather the 
required information or sometimes leads to a situation where results are biased towards 
a single direction. Structured interviews contain close-ended questions where answers 
are given in a short format which makes situations critical while generalizing the 
results. Thus, semi-structures interviews are made part of this research. 
 

3.3.4 Selection of interview subjects 
 
The interview subjects that were selected for this research are the developers and the 
instructors who had experience with the open source projects. Initially a list of 15 
developers and 10 instructors were chosen to be interviewed, after the suggestions 
made by the supervisor. We got seven responses from the developers accepting the 
request and three replies from the instructors. All the interviews regarding the 
developers are conducted through skype for a time span of 30 minutes to 1 hour. The 
interviews regarding the instructors are conducted face to face for a time span of 25-
40 minutes. These interview subjects that were selected have various levels of 
experience with the open source projects. From these interviews, we collected their 
experiences regarding the open source projects. 
 
Table 5: Interviewee details 

Interview Role Interview time (in minutes) 
number   

1 Developer 55 
2 Developer 40 
3 Developer 45 
4 Developer 40 
5 Developer 40 
6 Developer 50 
7 Instructor 30 
8 Instructor 30 
9 Instructor 30 
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3.3.5 Repository Mining 
 

As all the projects, have been selected from the GitHub repository, we have used Git 
Bash to retrieve the required data from the repository. It serves as a command language 
interpreter for the operating system. To extract the data basing on the selected metrics, 
we have used the command $git fame which represents all the required information. 

3.3.6 Archival Data 
 

Archival data is a third-degree type if data that can be helpful in data collection for 
case studies [33]. Archival data is the data referring to the data available in achieves. 
Some archival data such as meeting minutes and mailing lists help to understand 
number of working hours that the developer has contributed to the open source 
projects. We have taken 10 projects totally to account. So, for each project we have 
taken some important factors like  
• Technical documentation.  
• Organizational charts both for the line organization and project organization.  
• Financial records.  
• Meeting minutes, like regular project level status, meeting reviews and mailing 

list. 

3.4 Data Analysis 
 
Interviews were selected as they help to validate our results gathered by conducting 
literature review. Different types of synthesizing techniques exist for analyzing the 
reviewed data and results drawn through interviews. Data analysis can be considered 
as one of the important steps in completing a research. 
 
Comparative Analysis: This approach is used to compare the similarities and 
differences between findings and validate each of them [42]. In our research, different 
problems and factors affecting the survey are analyzed and compared by using 
experience of researchers [43]. 
 
Thematic Analysis: This research aims at analyzing the data gathered by conducting 
fact-to-face interviews with different professionals in this stream. As any hypothesis 
is being not proposed in this research, thematic analysis is considered best compared 
to other methods. This analysis method works such that recurring issues from multiple 
case studies are identified, explained and conclusions are drawn [44]. As information 
gathered during interviews is based on real time situations and professionals 
experience in the field, thematic analysis suits to analyze the gathered results [45]. 
 
Narrative Synthesis: Techniques such as meta-ethnography, Bayesian methods 
require deeper domain knowledge, so these techniques are excluded and narrative 
synthesis is followed. A simple summary of the research findings and results obtained 
can be produced by researchers using narrative synthesis. Data gathered through 
literature review has been summarized and information which is much related to our 
research is found. The results are very effective such that information was also useful 
in further stages of research [46]. 
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3.4.1 Data Analysis for Interview results: 
 

As stated previously, the interviewees that we have selected for our research are the 
developers and the instructors who had good experience in the research area. Some of 
the interviews happened to be face to face and some of them happened to be through 
skype, hence we recorded the audios of all the interviews and transcribed the verbal 
and nonverbal data from these recordings and the data that is obtained from the field 
notes. Elizabeth et.al [47] stated that “it is beneficial for the researchers to transcribe 
their own interviews and taking participation in both verbal and nonverbal exchange 
of data”. 
 
Once the interview is over it is beneficial to the researcher to review the field notes 
and to improve the interactions by considering the comments and perceptions of the 
previous interviews [47]. Hence, we documented all the information regarding an 
interview before the next interview had taken place. Due to this our personal point of 
views had no place to take place as the transcriptions of the previous interviews helped 
us to extract the clear view point of the next interview. 
 
Thematic analysis procedure has been selected to analyse the results from the 
interviews. The main reason on selecting this procedure other than many other 
procedures is that the information which must be analysed is to be done after all the 
interviews has been done. “for having a strong basis to the research being done, the 
relationships for the concepts and categories have to be constantly compared by the 
researcher [48]”. For instance, if the grounded theory has been chosen over thematic, 
it won’t be yielding better results as they will be compared continuously one after 
other. Whereas in the thematic all the results are categorized and then compared to the 
research being done. 
 
As the analysis of the interviews has been done after several of them were carried out, 
we believed that the analysed information is much effective. In the following section 
the steps carried out during the analysis has been clearly explained [49]  

• Information extraction: At this phase, we gathered all the information that is 
available from the transcripts that have been described from the interviews. As 
mentioned above all the notes and the transcripts are made as soon as the 
interview was done to make sure exact view points of the interviewees were 
met and improved from the suggestions that were obtained from these 
interviews. As a part of the data extraction process, all this information has 
been collected and documented for further analysis. Both the verbal and 
nonverbal cross verification of the collected data along with the transcripts has 
been done several times to familiarize and to make sure that no data has been 
left over.  

• Data coding: For all the interviews that have been conducted, we segregated 
the codes for each interview. The segregation of codes has been done by 
conducting interview in a specific order, one interview after the other in which 
these were taken place, which will be helpful in the later sections of the 
analysis. The coding has been done manually by the authors and sample of this 
has been presented in the appendix 2. •  

• Translating codes into themes: With all the transcribed data that has been 
collected, codes have been placed. These codes have been categorized to 
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themes with the information that is gathered. This process of making themes 
helps us to gather similar information under one theme. This helps to analyse 
the information easily.  

• Themes mapping: This process helps us to know whether the amount of 
collected information is sufficient to our research or not and checks if any of 
the information is missed during the process. It acts as a check point to the 
information that has been collected. The themes that have been identified will 
be mapped with the codes that are relevant on this process.  

• Assessing the quality of our analysis: This process assesses the results that have 
been obtained from the thematic analysis are in accordance with the actual 
results that were anticipated for the research. This process gives support to the 
researchers that this analysis will also contribute to the research in further 
stages. 

3.4.2 Archival Data Analysis 
 
Corporate Backing/Support: 
The authors observed the documentation provided on the Apache project websites that 
are selected for this study have the following advantages for having corporate support  

• Developers working in companies can contribute to the project.  
• We have much better insight; no training is required for them and the 

developers can easily contribute to the project.  
• The project gets more popularity as different companies developers support 

and contribute. This in turn increase the interest in new developers as they 
witness the corporate backing for the projects. 

 
Community involvement: 
The archives of the mailing lists of developers and users, presented on the 
contributions guide the projects were explored. Significant data patterns could be 
extracted in the form of message traffic on these forums and lists. 
 
Distribution of Issues and Contributions: 
The documents statistics are explored to understand the statistics that are extracted 
from the projects documentation. We would like to primarily gather information about 
the number of issues that are being resolved by the developers to understand who are 
contributing more to the open source projects. Some important conclusions that we 
would like to gather are as follows  

• Number of issues resolved by the developers (Top contributors/ highest 
resolvers of issues).  

• Number of issues resolved by others (developers).  
• Total number of unassigned issues or the left overs in the project these 

information is gathered from the project. 
 
Specificity of Guidelines Provided by the OSS project: 
The project guidelines and specifications for contribution are described on the 
project’s website, but however, a new developer interested to contribute, may find it 
difficult to access some of the vital information that the person might need. 



 

23 
 

4 RESULTS 
 
This chapter primarily focus on addressing the Results from the case study and the 
analysis that is applied for the case study using the factors that are obtained from the 
archival data. Alongside with this results from case study additionally interview results 
and the analysis of the interview results are addressed according to the questions. The 
RQ1 main purpose is to gather the observation of graphs and draw the results. The 
corresponding analysis of the results are addresses as part of individual project so for 
10 open source projects we have 10 observation analysis. 
 
 Table 6: Projects with decreasing level of selected metrics across the 
years which are drawn from graph observations 

Project Lines of Number of Number of Number of 
Name Code Commits Files Hours 
Apache Decreasing Decreasing Decreasing Decreasing 
Spark     
Apache Decreasing Decreasing Decreasing Decreasing 
couchdB     

 
 Table 7: Projects with increasing level of selected metrics across the 
years which are drawn from graph observations. 

S/No Project Lines of Number Number Number of 
 Name Code of of Files Hours 
   Commits   
1 Apache Increasing Increasing Increasing Increasing 

 Camel     
2 Apache Increasing Increasing Increasing Increasing 

 Storm     
3 Apache Increasing Increasing Increasing Decreasing 

 Cordova     
 Android     
4 Apache Increasing Increasing Increasing Decreasing 

 Thrift     
5 Apache Increasing Increasing Increasing Increasing 

 Mesos     
6 Apache Increasing Increasing Increasing Increasing 

 Zeppelin     
7 Apache Increasing Increasing Increasing Decreasing 

 hbase     
 
 Table 8: Projects that are indecisive 

S/No Project Lines of Number Number Number 
 Name Code of of Files of Hours 
   Commits   
1 Apache Indecisive Indecisive Indecisive Indecisive 

 Wicket     
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4.1 Results from case study 
 
RQ1: How engaged and active are developers in open source projects? 
 
Regarding RQ1, we first present the result regarding each case and afterwards show 
the aggregation of all the results. As mentioned above for all the 10 projects the data 
collection process has been applied and the data is presented in the form of graphs and 
the table relating the required graph are listed in the appendix. The graphs are plotted 
with the following selected metrics from the literature:  

• Lines of code: The graphs are plotted with the lines of code in the Y axis and 
the number of years in the X axis.  

• Number of commits: The graphs are plotted with the number of commits in 
the Y axis and number of years in the X axis.  

• Number of files: The graphs are plotted with the number of files in the Y axis 
and number of years in the X axis.  

• Number of hours: The graphs are plotted with the number of hours in the Y 
axis and number of years in the X axis. 

 
The data in the graphs is represented using the following notations.  

• The information regarding the metrics is displayed from the time the OSS 
project has commenced till date.  

• For each metric, an average value is calculated and then the developers have 
been differentiated according to the average value.  

• Considering the scale of graph, this convention has been considered. 
 
Hence, the information has been differentiated as Below Average and Above Average 
respectively. We have calculated averages value for Lines of code, Number of 
Commits and number of files per developer regarding each year which are represented 
in table 11. After, we calculated the number of developers below and above the 
average. Number of hours indicating the work hours the developers have contributed 
to the project are projected in the graph format. 
 

4.1.1 Apache Spark: 
 

The graphs are plotted with the number of developers on their average lines of code, 
number of commits, number of files and number of hours in the Y axis and the number 
of years in the X axis for the Apache Spark project. 
 

 
Figure 2: The graphs are plotted with the lines of code. 
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Figure 3: The graphs are plotted with the number of commits. 
 

 
Figure 4: The graphs are plotted with the number of files. 
 

 
Figure 5: The graphs are plotted with the number of hours. 
 
Analysis: Looking at the graphs, the following can be inferred. This is a fairly new 
project and can be observed that the developer’s engagement has constantly risen from 
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conclusion can be taken out of this. For the past years the hour’s plot shows since 2010 
to 2015 the number of working hours 0 hours to 8000 hours by developer’s is increased 
and again there is a slight fall-back. Hence, a deeper investigation has been done 
looking at the forums and the project documentation. But, the hours the developers 
have put into this project has positively impact in engagement and activeness of 
developers. 
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4.1.2 Apache Couchdb: 
 

The graphs are plotted with the number of developers on their average lines of code, 
number of commits, number of files and number of hours in the Y axis and the number 
of years in the X axis for the Apache Couchdb project. 
 

 
Figure 6: The graphs are plotted with the lines of code. 
 

 
Figure 7: The graphs are plotted with the number of commits. 
 

 
Figure 8: The graphs are plotted with the number of files. 
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Figure 9: The graphs are plotted with the number of hours. 
 
Analysis: This project has commenced in the years 2008 and this is the analysis that 
could be deduced from the graphs. The developer’s engagement has risen from the 
beginning till five years. But the engagement has slowly declined since then. There 
might be many reasons for this. The hours increase to a maximum of 1200, However 
there is a lot of fluctuation in the project, as we can see from graph and more over the 
least number of working hours spent is around 200 hours by developers. Hence, we 
have referred to the project documentation and forums where they interact to clarify 
the issue regarding the project. 
 

4.1.3 Apache Camel: 
 

The graphs are plotted with the number of developers on their average lines of code, 
number of commits, number of files and number of hours in the Y axis and the number 
of years in the X axis for the Apache camel project. 
 

 
Figure 10: The graphs are plotted with the number of lines of code. 
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Figure 11: The graphs are plotted with the number of commits 
 

 
Figure 12: The graphs are plotted with the number of files 
 

 
Figure 13: The graphs are plotted with the number of hours. 
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engagement, we have verified the camel’s documentation and found out few factors 
that may affect the level of contributions. 
 

4.1.4 Apache Cordova android: 
 

The graphs are plotted with the number of developers on their average lines of code, 
number of commits, number of files and number of hours in the Y axis and the number 
of years in the X axis for the Apache Cordova project. 
 

 
Figure 14: The graphs are plotted with the lines of code 
 

 
Figure 15: The graphs are plotted with the number of commits 
 

 
Figure 16: The graphs are plotted with the number of files 
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Figure 17: The graphs are plotted with the number of hours 
 
Analysis: This project is also fairly new and requires the aid of extra information to 
analyze the developer’s engagement to the project. But from what we can observe 
from the graphs, even though the number of developers is comparatively less, there 
has been a constant increase in the number right from the beginning. The number of 
hours worked by the developers is decreasing over the years from 2011 to 2016 from 
a peak of 900 hours to a lowest of 210 hours. 
 

4.1.5 Apache Thrift: 
 

The graphs are plotted with the number of developers on their average lines of code, 
number of commits, number of files and number of hours in the Y axis and the number 
of years in the X axis for the Apache Thrift project. 
 

 
Figure 18: The graphs are plotted with the lines of code 
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Figure 19: The graphs are plotted with the number of commits 
 

 
Figure 20: The graphs are plotted with the number of files 
 

 
Figure 21: The graphs are plotted with the number of hours 
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been referred for further clarifications. 
 

9 10 7 8
4

8 8

29

60 62

2 3 2 2 3 1 3 5
10 12

0

20

40

60

80

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

number of commits

Below Average commits Above Arverage commits

4 6 5 6
3

6 5

24

48

33

6 6 4 3 4 3
6 8

17 18

0

20

40

60

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

number of files

Below Average files Above Arverage files

0

200

400

600

800

1000

2004 2006 2008 2010 2012 2014 2016 2018

HOURS



 

32 
 

4.1.6 Apache Mesos: 
 

Apache Mesos provides well organized resource isolation and sharing across shared 
applications or framework. It enables sharing resource in a fine-grained manner 
improving cluster utilization. Apache Mesos adopts many large software companies 
such as Twitter, Airbnb and Apple not less than 50 companies use Mesos. Mesos uses 
Linux C groups to generate isolation for CPU, memory, I/O and file system. 
 
The graphs are plotted with the number of developers on their average lines of code, 
number of commits, number of files and number of hours in the Y axis and the number 
of years in the X axis for the Apache Mesos project. 
 

 
Figure 22: The graphs are plotted with the lines of code 
 

 
Figure 23: The graphs are plotted with the number of commits 
 

 
Figure 24: The graphs are plotted with the number of files 
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Figure 25: The graphs are plotted with the number of hours 
 
Analysis: This project is also like the one inspected above. This project has been 
developing the product for the last five years. Initially it lacked the attention and now 
it slowly started to draw the attention of the developers. Amazingly, the numbers of 
hours they spent for this project had a steady peak right from the beginning. The 
number of hours increased from a lower point at 0 hours in year 2011 to a peak of 
4000 hours in the year 2016 which indicates there is a progressive increase. To find 
out even more concrete information and disclose a few conclusions, the forums and 
documentation have been referred. 
 

4.1.7 Apache Storm: 
 

The graphs are plotted with the number of developers on their average lines of code, 
number of commits, number of files and number of hours in the Y axis and the number 
of years in the X axis for the Apache storm project. 
 

 
Figure 26: The graphs are plotted with the lines of code 
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Figure 27: The graphs are plotted with the number of commits 
 

 
Figure 28: The graphs are plotted with the number of files 
 
 

 
Figure 29: The graphs are plotted with the number of hours 
 
The number of hours increased from a lower point at 400 hours in year 2011 to a peak 
of 2000 hours in the year 2015 which indicates there is a progressive increase. 
 

4.1.8 Apache Zeppelin: 
 

The graphs are plotted with the number of developers on their average lines of code, 
number of commits, number of files and number of hours in the Y axis and the number 
of years in the X axis for the Apache Zeppelin project. 
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Figure 30: The graphs are plotted with the lines of code 
 

 
Figure 31: The graphs are plotted with the number of commits 
 

 
Figure 32: The graphs are plotted with the number of files 
 

 
Figure 33: The graphs are plotted with the number of hours 
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Analysis: This is also another new project. It has been active for the last four years.  
We, the authors think that this is very less information to check for the developer’s 
engagement for this project. But, at the same time due to the number of developers 
starting to contribute for this project has risen drastically. The number of hours 
increased from a lower point at 400 hours in year 2013 to a peak of 1500 hours in the 
year 2016 which indicates there is a progressive increase. Right from 4 developers in 
the start, it rose to 129 developers at the end of 2016. Also, the number of lines, 
commits and number of files exchanged has also grown up the notch. 
 

4.1.9 Apache Hbase: 
 

The graphs are plotted with the number of developers on their average lines of code, 
number of commits, number of files and number of hours in the Y axis and the number 
of years in the X axis for the Apache hbase project. 
 

 
Figure 34: The graphs are plotted with the lines of code 
 

 
Figure 35: The graphs are plotted with the number of commits 
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Figure 36: The graphs are plotted with the number of files 
 

 
Figure 37: The graphs are plotted with the number of hours 
 
Analysis: This is another well-established OSS project. It has been developing for a 
long time now. As we saw in earlier projects, it takes time for the projects to slowly 
draw the attention of the developers. Same was the case here and at a point in time it 
started to draw the attention and has gradually risen since then. The number of hours 
increased from a lower point at 500 hours in year 2006 to a peak of 3200 hours in 
the year 2014 which indicates there is a progressive increase. The same trend has 
been reflected in all the metrics. For the number of hours spent, there was a slight 
fall midway through the project but has been stable since then. 
 

4.1.10 Apache wicket: 
 

The graphs are plotted with the number of developers on their average lines of code, 
number of commits, number of files and number of hours in the Y axis and the number 
of years in the X axis for the Apache Wicket project. 
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Figure 38: The graphs are plotted with the lines of code. 
 

 
Figure 39: The graphs are plotted with the number of commits. 
 

 
Figure 40: The graphs are plotted with the number of files. 
 

 
Figure 41: The graphs are plotted with the number of hours. 
 
Analysis: Observing the graphs above, we can infer that as the project progressed over 
years, the lines of code, commits and number of files has increased. This implies that 

4

8 9
12

7
9 10

17
14

18
20

16

5 4 5
2 2 2 1 1 1 1 2 2

0

10

20

30

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Lines of code

Below Average LOC Above Arverage LOC

5
7

9 9
7 7 8

12 13

18
16 15

4 5 6 5
2

4 3
6

2 2

6
4

0

5

10

15

20

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Number of commits

Below Average commits Above Arverage commits

5 7 9
13

7 7 8
12 11

16 18
15

4 4 5
1 2 4 3

6 4 3 4 3

0

10

20

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

number of files

Below Average files Above Arverage files

0

1000

2000

3000

4000

5000

2002 2004 2006 2008 2010 2012 2014 2016 2018

HOURS



 

39 
 

the total number of developers contributing to the project has increased progressively. 
Yet, there were tiny fluctuations in between which motivated us to deep more into the 
Factors responsible for this trend. Note that you have to make it clear that 2016 is not 
complete here. This makes a difference for sure. However, we would guess that for 
this project that number of developers would be similar to the one in the previous year. 
A brief description about this is given next. Also, we can see that the number of hours 
the developers have put into this project was initially high but has gradually declined 
over the years with some tiny peaks in the 2008. This also motivated the authors for a 
deeper inspection. 
 
The table is the result of all the values taken into account year wise in all the above-
mentioned graphs. The entire graph scenario is represented in an easy understandable 
way with numeric instead of graph plots. These numeric representing each metric 
like lines of code, number of commits, files and hours are average values. 
 
Table 9: Projects with their average metric value per year 
s/no Project 

Name 
Years Average for each metric per year 

Lines of 
Code 

Number of 
commits 

Number of 
files 

Number of 
hours 

1 Apache 
Wicket 

2005 21,293 325 393 305 
2006 23,687 310 631 341 
2007 19,680 276 550 212 
2008 13,609 63 233 78 
2009 18,411 79 207 91 
2010 19,279 103 348 113 
2011 23,666 69 385 140 
2012 12,531 27 129 66 
2013 11,135 62 172 52 
2014 7,799 35 59 37 
2015 8,363 33 101 29 
2016 6,748 31 105 27 

2 Apache 
Camel 

     
2008 15,847 147 408 220 
2009 40,763 195 735 252 
2010 19,714 138 398 174 
2011 19,313 94 399 125 
2012 16,199 101 366 132 
2013 9,999 44 195 29 
2014 4,917 31 84 28 
2015 3,750 23 72 26 
2016 3,886 23 66 22 

3 Apache 
Spark 

2010 8,608 44 27 37 
2011 1,557 44 15 24 
2012 1,803 32 29 26 
2013 748 30 20 32 
2014 812 15 19 41 
2015 964 8 21 8 
2016 1,639 9 34 16 

4 2008 5,015 69 42 87 
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Apache 
Couchdb 

2009 5,937 93 95 132 
2010 5,339 52 57 62 
2011 6,186 144 86 52 
2012 3,485 11 19 16 
2013 3,312 17 19 14 
2014 298 30 3 11 
2015 187 14 3 11 
2016 146 14 7 13 

5 Apache 
Cordova 
android 

2012 961 22 11 26 
2013 656 9 8 11 
2014 286 13 6 6.5 
2015 2,644 7 27 3.4 
2016 2,355 6 26 6 

6 Apache 
Thrift 

2007 9,309 89 97 72.3 
2008 7,917 99 78 57 
2009 7,680 39 118 52 
2010 9,618 50 73 47 
2011 13,989 51 89 73 
2012 12,384 24 87 42 
2013 10,347 29 63 36 
2014 5,846 18 50 23 
2015 2,676 8 22 8.5 
2016 1,250 5 12 5 
     

7 Apache  
Mesos 

2011 1,153,820 280 3,061 16 
2012 91,897 159 200 102 
2013 10,941 83 163 48 
2014 2,938 26 36 27 
2015 3,036 26 48 26 
2016 2,548 26 31 24 

8 Apache 
Storm 

2011 8,349 43 32 30 
2012 1,189 26 15 21 
2013 483 18 17 14 
2014 1,102 11 12 12 
2015 1,956 20 20 20 
2016 3,394 20 43 19 

9 Apache  
Zeppelin 

2013 64,104 65 116 77 
2014 2,349 67 44 66 
2015 1177 22 15 9 
2016 960 6 18 11 

10 Apache 
hbase 

2007 13,833 65 106 151 
2008 15,150 75 66 110 
2009 26,815 110 112 151 
2010 9,401 108 81 155 
2011 19,919 98 136 134 
2012 30,478 71 181 108 
2013 30,201 83 242 129 
2014 13,684 57 192 42 
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2015 12,115 22 87 31 
2016 12,599 15 74 26 

 
 
 

4.2 Comparing Graphs results with factors from archival data 
 

RQ2 What are the factors that affect the engagement and activeness of developers 
working on open source projects, furthermore how do these factors influence the 
survivability of open source projects? 
 
To answer the research question 2, Considering all the graphs from results in RQ1. 
 
It is important to understand at one place how all the four metrics are varying over the 
years for each apache project, below is a table which indicates number of lines of code, 
Number of commits, Number of files and Number of hours are addressed for each 
year. Here if observed there are three different projects together they are addressed 
below: 

• One with increasing number of contributors are Apache Storm, hbase, 
Zeppelin, Mesos, camel, Cordova, Android, thrift these projects have 
increasing number of contributions over the years. For Camel, Storm, Mesos, 
Zeppelin are identified as projects in which all the four metrics are increasing 
and which indicates there is increasing number of contributors. The remaining 
project although their metrics number of lines of code, number of commits and 
number of files were increasing the Number of hours were decreasing in 
projects android, cordova, thrift and hbase.  

• The other with decreasing number of contributors which is for example Apache 
Spark and Apache couchdb had shown that all the four metrics are decreasing over 
the year. Even though Apache spark started in 2010 and Apache couchdb started 
in 2008 if we consider till 2016 the contribution according to all the four metrics 
in the table number indicates it is decreasing among all of them.  

• Remaining are indecisive the apache wicket is indecisive and all the four 
metrics are indecisive and hard to concluded as there are fluctuations in the 
graphs. 

 

4.2.1 Apache Couchdb 
 

The conclusions from graphs in section 4.1.4 are as follows:   
• The number of lines of code contributed by the developers is decreasing.  
• The number of commits contributed by the developers is decreasing.  
• The number of files contributed by the developers is decreasing. 
• The activeness is described in terms of hours, as per the graphs there is an 

inclination from 2008 to 2012 and from the year 2012 there is a huge drop 
the graph. So, it is to be considered as decreasing. 

4.2.1.1 Corporate backing/support: 
The authors observed the documentation provided on the Couchdb website. After 
studying the information, it was found that the project had numerous industrial partners 
that provided developmental and support services and directly contributed to the 
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project. A total of 4 companies from various countries worldwide were listed online, 
as supporting organizations. For instance, IBM, Cloudant and Smileupps are the 
companies that are hosting the Couchdb and Neighbourhoodie software and Xava 
Media are the companies that are contributing their support to the Couchdb. 
 
There is corporate support for this project as there are 4 companies who are involved 
in this project. The Activeness in terms of hours is decreasing over the year. Similarly, 
the number of lines, commits made and files uploaded in this apache Couchdb open 
source project are also decreasing, so here the corporate support is very less and so 
there is negative influence on the engagement and activeness. 

4.2.1.2 Community Involvement: 
 
The archives of the mailing lists of developers and users, presented on the 
contributions guide at Couchdb project were explored3. In the year 2014 there is a 
massive growth in the contribution of the developers is because of the company 
support. And by observing the message traffic in the projects mailing list, it is evident 
that between these years the traffic among the developers are more. Although there are 
other ways of communication all the developers might not work in same place if we 
observe the follow the sun model to effectively connect with globally distributed 
people one way and officially most common way is through mailing list. So, we can 
observe a change in deflection between these years. The number of hours is decreasing 
and the engagement in the mailing list from the above link is decreasing so from this 
it is proved that the engagement in the mailing list is decreasing and this affects the 
activeness in hours. 

4.2.1.3 Distribution of Issues and Contributions: 
 
Based on the statistics derived from the official source of Apache Couchdb, the issues 
are presented using JIRA tool4. it was found that there are 9 major contributors, i.e., 9 
core contributors who worked with more than 54 issues each, and 39 other minor 
contributors who worked on a combined total of 403 issues. Of those 39, 26 members 
worked on less than 10 issues per person. Moreover, 2123 issues are still unassigned 
as of this date. As we can observe, there is a glaring disparity between the quantity of 
issues that different contributors work on. This imbalance is one of the factors that 
have a direct impact on the activeness of current contributors and engagement of new 
contributors to this open source project, and as evident from the graphs in this case, 
the number of commits and hours dedicated to this project has gradually decreased 
over time. 

4.2.1.4 Specificity of Guidelines Provided by the OSS project: 
 
The project guidelines and specifications for contribution are described on the 
project’s website. For instance, they provided guidelines for the developers like 
community guide, community methods, code of conduct, installing Couchdb, 
configuring Couchdb etc. There is also an ample information provided on the Couchdb 
site as to the process needed to report feedback on existing collaborative processes and 
                                                 
3. http://mail-archives.apache.org/mod_mbox/couchdb-marketing/ 
 
4. https://issues.apache.org/jira/secure/ConfigureReport.jspa?projectOrFilterId=project-
12310780&statistictype=assignees&selectedProjectId=12310780&reportKey=com.atlassian.jira.plugi 
n.system.reports%3Apie-report&Next=Next 
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for the mailing list of the project developers. Hence, we can observe the fluctuations 
of the contribution with the pros and cons of the projects factors. 
 

4.2.2 Apache Camel 
 

The conclusions from graphs in section 4.1.2 are as follows:  
• The number of lines of code contributed by the developers is increasing.  
• The number of commits contributed by the developers is increasing. 
• The number of files contributed by the developers is increasing. 

• The activeness is described in terms of hours the hours increased between 
2007 and 2009 initially and again decreased between 2007 and 2014 then increased 
between 2014 to 2016. Overall there is an increase in hours 

4.2.2.1 Corporate backing/support: 
 
The authors observed the documentation provided on the Camel website. After 
studying the information, it was found that the project had numerous industrial partners 
that provided developmental and support services and directly contributed to the 
project. A total of 12 companies from various countries worldwide were listed online, 
as supporting organizations. For instance, TouK provides consulting and system 
integration services as support for Camel, Talend, Inc provides level services, training 
and support for Apache Camel. As these companies provide support, developers tend 
to contribute more. 

4.2.2.2 Community Involvement: 
 
The archives of the mailing lists of developers and users, presented on the 
contributions guide at Camel project were explored5. Significant data patterns could 
be extracted in the form of message traffic on these mail archives. The traffic 
corresponding to each year was computed through graphs, and the traffic for each year 
was found to be proportional to the commits by contributors to the projects, and the 
hours they spent on it. An increase in the traffic of messages between contributors, 
curators, and users also resulted in an increase in the contributions by developers to 
these open source projects and vice versa. 

4.2.2.3 Distribution of Issues and Contributions: 
 
Based on the statistics derived from the official sources Apache Camel, the issues are 
presented using JIRA tool6. it was found that there are 9 major contributors, i.e., 9 core 
contributors who worked with more than 109 issues each, 1200 issues are still 
unassigned as of this date and moreover 62 other minor contributors who worked on a 
combined total of 1444 issues. Of those 5, 10 members worked on less than 10 issues 
per person. In this case, every new developer contributed their work. So, there is no 
impact on the activeness of current contributors and engagement of new contributors 
to this open source project, and as evident from the graphs in this case, the number of 
commits and hours dedicated to this project has gradually increase over time. 

                                                 
5. http://mail-archives.apache.org/mod_mbox/camel-dev/ 
6. https://issues.apache.org/jira/secure/ConfigureReport.jspa?projectOrFilterId=project-
12311211&statistictype=assignees&selectedProjectId=12311211&reportKey=com.atlassian.jira.plugi 
n.system.reports%3Apie-report&Next=Next 
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4.2.2.4 Specificity of Guidelines Provided by the OSS project: 
 
The project guidelines and specifications for contribution are described on the 
project’s website. For instance, they have provided the information like user guide, 
tutorials, books, support, mailing list etc. they even have the feedback form for the 
review process which tends to increase the participation of the developers. This can be 
the factor that increased the engagement of the developers on time. Because of this 
factor that is documentation is clear, it is in an understandable way which helped 
further new developers to increase in number of hours, lines of code, commits. So, as 
the documentation is easy to understand year by year this has positive influence 
number of hours, lines of code, commits. 
 

4.2.3 Apache Cordova android 
  

The conclusions from graphs in section 4.1.5 are as follows:  
• The number of lines of code contributed by the developers is increasing.  
• The number of commits contributed by the developers is increasing.  
• The number of files contributed by the developers is increasing.  
• The activeness is described in terms of hours, as per the graphs there is an 

inclination from 2012 until the present day. 

4.2.3.1 Corporate backing/support: 
 
The authors observed the documentation provided on the Cordova website. After 
studying the information, it was found that the project had numerous industrial support 
that provided developmental and support services to the project. A total of 5 companies 
from various countries worldwide were listed online, as supporting organizations. For 
instance, android, blackberry, ios, windows and Linux extended their support to this 
project. This can be an affecting factor for the increase in the engagement of the 
developers. 
 
There is corporate support for this project as there are 5 companies who are involved 
in this project. The Activeness in terms of hours is increasing over the year. Similarly, 
the number of lines, commits made and file s uploaded in this apache Cordova android 
open source project are also increasing, so here the corporate support has positive 
influence on the engagement and activeness. 

4.2.3.2 Community Involvement: 
 
The archives of the mailing lists of developers and users, presented on the 
contributions guide at Cordova project were explored. Significant data patterns could 
be extracted in the form of message traffic on these forums and lists7. The traffic 
corresponding to each year was computed through graphs and the traffic for each year 
was found to be proportional to the commits by contributors to the projects, and 
inversely proportional to the hours spent. In this scenario, this factor has been partially 
effecting the engagement of developers with the projects. 

4.2.3.3 Distribution of Issues and Contributions: 
 

                                                 
7.http://callback.markmail.org/search/?q=#query:%20list%3Aorg.apache.incubator.call
back-dev+page:1+state:facets---cordova 
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Based on the statistics derived from the official sources Apache Cordova Android, the 
issues are presented using JIRA tool8, it was found that there are 9 major contributors, 
i.e., 9 core contributors who worked with more than 232 issues each, 3335 issues are 
still unassigned as of this date and moreover 105 other minor contributors who worked 
on a combined total of 3477 issues. Of those 105, every member worked on at least 1 
issues per person. In this case, every new developer contributed their work. So, there 
is no impact on the activeness of current contributors and engagement of new 
contributors to this open source project, and as evident from the graphs in this case, 
the number of commits and hours dedicated to this project has gradually increase over 
time. 

4.2.3.4 Specificity of Guidelines provided by the OSS project: 
 
The project guidelines and specifications for contribution are described in the project’s 
website. for instance, they have provided clear sections regarding the mailing lists of 
the developers, issues and commits. These guidelines are presented clearly without any 
missing information regarding the project. So, over the time the engagement of the 
developers has been an increase. 
 

4.2.4 Apache Thrift 
  

The conclusions from graphs in section 4.1.6 are as follows:  
• The number of lines of code contributed by the developers is increasing.  
• The number of commits contributed by the developers is increasing.  
• The number of files contributed by the developers is increasing.  
• The activeness is described in terms of hours, as per the graphs there is 

fluctuations among the years 2008 to 2012 and from the year 2012 it is 
observed to have inclination. So, it is increasing. 

4.2.4.1 Community Involvement: 
 
The archives of the mailing lists of developers and users, presented on the 
contributions guide at Thrift project were explored. Significant data patterns could be 
extracted in the form of message traffic on these mailing list archive9. The traffic 
corresponding to each year was computed through graphs, and the traffic for each year 
was found to be proportional to the commits by contributors to the projects. An 
increase in the traffic of messages between contributors, curators, and users also 
resulted in an increase in the contributions by developers to these open source projects 
and vice versa. 

4.2.4.2 Distribution of Issues and Contributions: 
 
Based on the statistics derived from the official sources Apache Thrift, the issues are 
presented using JIRA tool10. it was found that there are 9 major contributors, i.e., 9 

                                                 
8. https://issues.apache.org/jira/secure/ConfigureReport.jspa?projectOrFilterId=project-
12312420&statistictype=assignees&selectedProjectId=12312420&reportKey=com.atlassian.jira.plugi 
n.system.reports%3Apie-report&Next=Next 
9. http://mail-archives.apache.org/mod_mbox/thrift-dev/ 
10. https://issues.apache.org/jira/secure/ConfigureReport.jspa?projectOrFilterId=project-
12310800&statistictype=assignees&selectedProjectId=12310800&reportKey=com.atlassian.jira.plugi 
n.system.reports%3Apie-report&Next=Next 
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core contributors who worked with more than 53 issues each, and 323 other minor 
contributors who worked on a combined total of 1184 issues. Of those 323, every 
member worked on at least 1 issues per person. Moreover, 1184 issues are still 
unassigned as of this date. In this case, every new developer contributed their work. 
So, there is no impact on the activeness of current contributors and engagement of new 
contributors to this open source project, and as evident from the graphs in this case, 
the number of commits and hours dedicated to this project has gradually increase over 
time. 

4.2.4.3 Specificity of Guidelines provided by the OSS project: 
 
The project guidelines and specifications for contribution are described on the 
project’s website. For instance, there is no mention of the “review process” that occurs 
once a contributor makes a pull request to deal with an issue. This could be a 
demotivating factor, as the detailing and readability of the guidelines, might play a role 
in the engagement and activeness of an existing contributor, or whether a new 
contributor would be interested to contribute. There is also no ample information 
provided on the Thrift site as to the process needed to report feedback on existing 
collaborative processes. 
 

4.2.5 Apache Mesos 
  

The conclusions from graphs in section 4.1.7 are as follows:  
• The number of lines of code contributed by the developers is increasing.  
• The number of commits contributed by the developers is increasing.  
• The number of files contributed by the developers is increasing.  
• The activeness is described in terms of hours, as per the graphs there is an 

increase from the start of the project i.e. from 2010 until now. So, it is 
increasing. 

4.2.5.1 Corporate backing/support: 
 
The authors observed the documentation provided on the website. After studying the 
information, it was found that the project had an industrial partner that provided 
developmental and support services and directly contributed to the project. As per the 
available documentation it is stated that the Microsoft had a commercial partnership 
in September 2015. From the plotted graphs, it can be observed form the year 2015 
there has been a steep increase in the engagement levels of the developers contributing 
to the project. Hence the factor like corporate support can influence the engagement 
of the developers. 
 
There is corporate support for this project as there are big companies who are involved 
in this project. The Activeness in terms of hours is increasing over the year. Similarly, 
the number of lines, commits made and file s uploaded in this apache Mesos open 
source project are also increasing, so here the corporate support has positive influence 
on the engagement and activeness. 

4.2.5.2 Community Involvement: 
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The archives of the mailing lists of developers and users, presented on the 
contributions guide at Mesos project were explored11, where it has been found that the 
only the partial years mailing lists have been presented. On considering the available 
mailing lists, significant data patterns could be extracted in the form of message traffic 
on these mailing list archive. The traffic corresponding to each year was computed 
through graphs and the traffic for each year was found to be proportional to the 
commits by contributors to the projects, and the hours they spent on it. An increase in 
the traffic of messages between contributors, curators, and users also resulted in an 
increase in the contributions by developers to these open source projects and vice 
versa. 

4.2.5.3 Distribution of Issues and Contributions: 
 
Based on the statistics derived from the official sources Apache Mesos, the issues are 
presented using JIRA tool12. it was found that there are 9 major contributors, i.e., 9 
core contributors who worked with more than 122 issues each, and 201 other minor 
contributors who worked on a combined total of 2845 issues. Of those 191, every 
member worked on at least 1 issues per person. Moreover, 2170 issues are still 
unassigned as of this date. In this case, every new developer contributed their work. 
So, there is no impact on the activeness of current contributors and engagement of new 
contributors to this open source project, and as evident from the graphs in this case, 
the number of commits and hours dedicated to this project has gradually increase over 
time. 

4.2.5.4 Specificity of Guidelines provided by the OSS project: 
 
The project guidelines and specifications for contribution are described on the 
project’s website. For instance, the documentation consists of the maintenance, 
operational guide to running, developing, and maintaining Mesos, development road 
map and documentation guide. This could be a motivating factor, as the detailing and 
readability of the guidelines, might play a role in the engagement and activeness of an 
existing contributor, or whether a new contributor would be interested to contribute. 
 

4.2.6 Apache storm 
  

The conclusions from graphs in section 4.1.8 are as follows:  
• The number of lines of code contributed by the developers is increasing.  
• The number of commits contributed by the developers is increasing.  
• The number of files contributed by the developers is increasing.  
• The activeness is described in terms of hours, as per the graphs there is a 

light decrease between the years 2012 to 2013 and from the year 2013 there 
is increase until now. So, it is considered to be increasing. 

4.2.6.1 Community Involvement: 
 

                                                 
11. https://mail-archives.apache.org/mod_mbox/mesos-user/ 
 
12. https://issues.apache.org/jira/secure/ConfigureReport.jspa?projectOrFilterId=project-
12311242&statistictype=assignees&selectedProjectId=12311242&reportKey=com.atlassian.jira.plugi 
n.system.reports%3Apie-report&Next=Next 
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The archives of the mailing lists of developers and users, presented on the 
contributions guide at Storm project were explored13. Significant data patterns could 
be extracted in the form of message traffic on these forums and lists. The traffic 
corresponding to each year was computed through graphs and the traffic for each year 
was found to be proportional to the commits by contributors to the projects, and the 
hours they spent on it. An increase in the traffic of messages between contributors, 
curators, and users also resulted in an increase in the contributions by developers to 
these open source projects and vice versa. 

4.2.6.2 Distribution of Issues and Contributions: 
 
Based on the statistics derived from the official sources Apache Storm, the issues are 
presented using JIRA tool14. it was found that there are 9 major contributors, i.e., 9 
core contributors who worked with more than 44 issues each, and 191 other minor 
contributors who worked on a combined total of 868 issues. Of those 191, every 
member worked on at least 1 issues per person. Moreover, 693 issues are still 
unassigned as of this date. In this case, every new developer contributed their work. 
So, there is no impact on the activeness of current contributors and engagement of new 
contributors to this open source project, and as evident from the graphs in this case, 
the number of commits and hours dedicated to this project has gradually increase over 
time. 

4.2.6.3 Specificity of Guidelines Provided by the OSS project: 
 
The project guidelines and specifications for contribution are described on the 
project’s website. For instance, they have mentioned regarding the tutorials, 
troubleshooting, user guide etc. This could be a motivating factor, as the detailing and 
readability of the guidelines, might play a role in the engagement and activeness of an 
existing contributor, or whether a new contributor would be interested to contribute. 
This can be an affecting factor for the increase in the engagement of the developers. 
 

4.2.7 Apache Spark 
  

The conclusions from graphs in section 4.1.3 are as follows:  
• The number of lines of code contributed by the developers is increasing.  
• The number of commits contributed by the developers is increasing.  
• The number of files contributed by the developers is increasing.  
• The activeness is described in terms of hours, as per the graphs there is an 

inclination from 2010 onwards until now. Overall there is an increase in 
hours. 

4.2.7.1 Corporate backing/support: 
 
The authors observed the documentation provided on the Spark website. After 
studying the information, it was found that the project had numerous industrial partners 
that provided developmental and support services and directly contributed to the 
                                                 
13. https://mail-archives.apache.org/mod_mbox/storm-user/ 
 
14. https://issues.apache.org/jira/secure/ConfigureReport.jspa?projectOrFilterId=project-
12314820&statistictype=assignees&selectedProjectId=12314820&reportKey=com.atlassian.jira.plugi 
n.system.reports%3Apie-report&Next=Next 
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project. A total of 92 companies from various countries worldwide were listed online, 
as supporting organizations. For instance, Bakdata- using spark to perform large 
datasets for interactive explorations, ebay Inc. – for log transactions aggregation and 
analytics using spark core. 
 
There is corporate support for this project as there are 92 companies who are involved 
in this project. The Activeness in terms of hours is increasing over the year. Similarly, 
the number of lines, commits made and file s uploaded in this apache spark open source 
project are also increasing, so here the corporate support has positive influence on the 
engagement and activeness. 

4.2.7.2 Community Involvement: 
 
The archives of the mailing lists of developers and users, presented on the 
contributions guide at spark project were explored15. In the year 2014 to 2015 there is 
a massive growth in the contribution of the developers is because of the company 
support. Most the companies started supporting spark. The mailing list provided by the 
project documentation also confines that the message traffic among these years are 
more than compared to other years assuming the responses from the core developers 
are more. Hence, we can observe the increase in that year. 

4.2.7.3 Distribution of Issues and Contributions: 
 
Based on the statistics derived from the official sources Apache Storm, the issues are 
presented using JIRA tool16. it was found that there are 9 major contributors, i.e., 9 
core contributors who worked with more than 262 issues each, 7364 issues are still 
unassigned as of this date and moreover 803 other minor contributors who worked on 
a combined total of 7793 issues. Of those, every member worked on at least 1 issues 
per person. In this case, every new developer contributed their work. So, there is no 
impact on the activeness of current contributors and engagement of new contributors 
to this open source project, and as evident from the graphs in this case, the number of 
commits and hours dedicated to this project has gradually increase over time. 

4.2.7.4 Specificity of Guidelines Provided by the OSS project: 
 
The project guidelines and specifications for contribution are described on the 
project’s website, but however, a new developer interested to contribute, may find it 
difficult to access some of the vital information that the person might need. For 
instance, they have mentioned some brief links about the developer tools, mailing lists 
and versions of the software, but there is no mention of the “review process” that 
occurs once a contributor makes a pull request to deal with an issue. This could be a 
demotivating factor, as the detailing and readability of the guidelines, might play a role 
in the engagement and activeness of an existing contributor, or whether a new 
contributor would be interested to contribute. There is also no ample information 
provided on the Spark site as to the process needed to report feedback on existing 
collaborative processes. 
 

                                                 
15. http://mail-archives.apache.org/mod_mbox/spark-dev/ 
16. https://issues.apache.org/jira/secure/ConfigureReport.jspa?projectOrFilterId=project-
12315420&statistictype=assignees&selectedProjectId=12315420&reportKey=com.atlassian.jira.plugi 
n.system.reports%3Apie-report&Next=Next 
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4.2.8 Apache Zeppelin 
  

The conclusions from graphs in section 4.1.9 are as follows:  
• The number of lines of code contributed by the developers is increasing.  
• The number of commits contributed by the developers is increasing.  
• The number of files contributed by the developers is increasing.  
• The activeness is described in terms of hours, as per the graphs there is an 

increase in the graph from 2013 until now. So, it is considered to be 
increasing. 

4.2.8.1 Community Involvement: 
 
The archives of the mailing lists of developers and users, presented on the 
contributions guide at zeppelin project were explored17. Significant data patterns could 
be extracted in the form of message traffic on these forums and lists. The traffic 
corresponding to each year was computed through graphs and the traffic for each year 
was found to be proportional to the commits by contributors to the projects, and the 
hours they spent on it. An increase in the traffic of messages between contributors, 
curators, and users also resulted in an increase in the contributions by developers to 
these open source projects and vice versa. 

4.2.8.2 Distribution of Issues and Contributions: 
 
Based on the statistics derived from the official sources Apache Zeppelin, the issues 
are presented using JIRA tool18. it was found that there are 9 major contributors, i.e., 
9 core contributors who worked with more than 41 issues each, and 124 other minor 
contributors who worked on a combined total of 511 issues. Of those 124, every 
member worked on at least 1 issues per person. Moreover, 793 issues are still 
unassigned as of this date. In this case, every new developer contributed their work. 
So, there is no impact on the activeness of current contributors and engagement of new 
contributors to this open source project, and as evident from the graphs in this case, 
the number of commits and hours dedicated to this project has gradually increase over 
time. 

4.2.8.3 Specificity of Guidelines provided by the OSS project: 
 
The project guidelines and specifications for contribution are described on the 
project’s website. For instance, there is no mention of the “review process” that occurs 
once a contributor makes a pull request to deal with an issue. This could be a 
demotivating factor, as the detailing and readability of the guidelines, might play a role 
in the engagement and activeness of an existing contributor, or whether a new 
contributor would be interested to contribute. There is also no ample information 
provided on the zeppelin site as to the process needed to report feedback on existing 
collaborative processes. 
 

4.2.9 Apache Hbase 
  

The conclusions from graphs in section 4.1.10 are as follows:  
                                                 
17. https://lists.apache.org/list.html?dev@zeppelin.apache.org 
18. https://issues.apache.org/jira/secure/ConfigureReport.jspa?projectOrFilterId=project-
12316221&statistictype=assignees&selectedProjectId=12316221&reportKey=com.atlassian.jira.plugi 
n.system.reports%3Apie-report&Next=Next 
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• The number of lines of code contributed by the developers is increasing.  
• The number of commits contributed by the developers is increasing.  
• The number of files contributed by the developers is increasing.  
• The activeness is described in terms of hours, as per the graphs there is an 

increase in the graph from 2006 to 2013 and from the year 2013 there is 
drop in the graph until now. So, it is decreasing. 

4.2.9.1 Community Involvement: 
 
The archives of the mailing lists of developers and users, presented on the 
contributions guide at Hbase project were explored19. Significant data patterns could 
be extracted in the form of message traffic on these mailing lists archive. The traffic 
corresponding to each year was computed through graphs and the traffic for each year 
was found to be proportional to the commits by contributors to the projects, and the 
hours they spent on it. An increase in the traffic of messages between contributors, 
curators, and users also resulted in an increase in the contributions by developers to 
these open source projects and vice versa. 

4.2.9.2 Specificity of Guidelines Provided by the OSS project: 
 
The project guidelines and specifications for contribution are described on the 
project’s website. For instance, they have provided the access like project summary, 
issue tracking, plugin management, reference guide and getting started etc. This could 
be factor, as the detailing and readability of the guidelines, might play a role in the 
engagement and activeness of an existing contributor, or whether a new contributor 
would be interested to contribute. There is also no ample information provided on the 
Hbase site as to the process needed to report feedback on existing collaborative 
processes. 

4.2.9.3 Distribution of Issues and Contributions: 
 
Based on the statistics derived from the official sources Apache HBase, the issues are 
presented using JIRA tool20. it was found that there are 9 major contributors, i.e., 9 
core contributors who worked with more than 329 issues each, and 576 other minor 
contributors who worked on a combined total of 8154 issues. Of those 576, every 
member worked on at least 1 issues per person. Moreover, 4661 issues are still 
unassigned as of this date. In this case, every new developer contributed their work. 
So, there is no impact on the activeness of current contributors and engagement of new 
contributors to this open source project, and as evident from the graphs in this case, 
the number of commits and hours dedicated to this project has gradually increase over 
time. 

4.2.9.4 Corporate Backing/Support: 
 
After studying the information, it was found that the project had numerous industrial 
partners that provided developmental and support services and directly contributed to 
the project. A total of 43 companies from various countries worldwide were listed 
online, as supporting organizations. For instance, Shield UI provided components and 

                                                 
19. http://mail-archives.apache.org/mod_mbox/hbase-dev/ 
20 . https://issues.apache.org/jira/secure/ConfigureReport.jspa?projectOrFilterId=project-
12310753&statistictype=assignees&selectedProjectId=12310753&reportKey=com.atlassian.jira.plugi 
n.system.reports%3Apie-report&Next=Next 
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services for development of Wicket, and Jayway, a Malaysian company provides 
services for Wicket development, especially running Wicket in OSGi environments. 
 

4.2.10 Apache Wicket 
 
There is corporate support for this project as there are 43 companies who are involved 
in this project. The Activeness in terms of hours is decreasing over the years this is a 
contradiction. Similarly, the number of lines, commits made and file s uploaded in this 
apache wicket open source project are also fluctuating so there is a need from further 
deep investigation to understand what affects the engagement. 

4.2.10.1 Community Involvement:  
If observed carefully from the summary of wicket-dev messages21. The number of 
messages that are passed on by the community and interaction between the people is 
decreasing this affects the activeness in hours. The number of hours is decreasing and 
the engagement in the mailing list from the above link is decreasing so from this it is 
proved that the engagement in the mailing list is decreasing and this affects the 
activeness in hours. 

4.2.10.2 Distribution of Issues and Contributions: 
 
Based on the statistics derived from the official sources Apache Hbase, the issues are 
presented using JIRA tool22 .it was found that there are 9 major contributors, i.e., 9 
core contributors who worked with more than 110 issues each, and 37 other minor 
contributors who worked on a combined total of 659 issues. Of those 37, 10 members 
worked on less than 10 issues per person. Moreover, 1153 issues are still unassigned 
as of this date. As we can observe, there is a glaring disparity between the quantity of 
issues that different contributors work on. This imbalance is one of the factors that 
have a direct impact on the activeness of current contributors and engagement of new 
contributors to this open source project, and as evident from the graphs in this case, 
the number of hours in the apache wicket project is decreasing. However, there are 
only fixed number of contributors who engage continuously over the years and the 
new developers do not contribute as significantly when compared to normal 
contributors. 

4.2.10.3 Specificity of Guidelines Provided by the OSS project: 
 
The project guidelines and specifications for contribution are described on the 
project’s website, but however, a new developer interested to contribute, may find it 
difficult to access some of the vital information that the person might need. For 
instance, there is no mention of the “review process” that occurs once a contributor 
makes a pull request to deal with an issue. This could be a demotivating factor, as the 
detailing and readability of the guidelines, might play a role in the engagement and 
activeness of an existing contributor, or whether a new contributor would be interested 
to contribute. There is also no ample information provided on the Wicket site as to the 
process needed to report feedback on existing collaborative processes. 

                                                 
21. http://wicket-dev.markmail.org/ 
22. https://issues.apache.org/jira/secure/ConfigureReport.jspa?projectOrFilterId=project-
12310561&statistictype=assignees&selectedProjectId=12310561&reportKey=com.atlassian.jira.plugi 
n.system.reports%3Apie-report&Next=Next 
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4.3 Summary of Factors 
 
Most of the projects show increasing number of contributors and to be more accurate 
if observed carefully in the table below all the projects show that there is increasing 
number of contributors. The activeness of the contributors in the project Apache 
Couchdb shows that it is decreasing and one factor that affects in this scenario is due 
to decrease in the Distribution of Issues and contribution to Open source projects. 
Similarly, the project Apache Hbase show that there is low Specificity of guidelines 
provided by Oss projects this might affect the activeness of the contributors. 
 
Table 10: Availability of factors in each project 

s/no Project 
Name 

Corporate 
Support 

Community 
Involvement 

Distribution of 
Issues and 

contribution to Oss 
projects 

Specificity 
of 

guidelines 
provided 

by Oss 
projects 

Score for 
unavailability 
of factors in 

corresponding 
projects 

Yes No High Low Increase Decrease High Low  

1 Apache 
Wicket 

✓  ✓   ✓ ✓  1 

2 Apache 
Camel 

✓  ✓  ✓  ✓  0 

3 Apache 
Spark 

✓  ✓  ✓   ✓ 1 

4 Apache 
Couchdb 

✓  ✓   ✓ ✓  2 

5 Apache 
Cordova 
android 

✓   ✓ ✓  ✓  1 

6 Apache 
Thrift 

 ✓ ✓  ✓   ✓ 2 

7 Apache 
Mesos 

✓  ✓  ✓  ✓  0 

8 Apache 
Storm 

 ✓ ✓  ✓  ✓  1 

9 Apache 
Zeppelin 

 ✓ ✓  ✓   ✓ 2 

10 Apache 
Hbase 

 ✓ ✓  ✓   ✓ 2 

 
 
Table 11: Projects with increase or decrease in number and activeness of contributors 
S/NO Project Name Increase in number of 

contributors 
Increase in activeness of the contributors 

YES NO YES NO 
1 Apache 

Wicket 
✓  In-

conclusive 
In-conclusive 
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2 Apache 
Camel 

✓  ✓  

3 Apache Spark ✓  ✓  
4 Apache 

Couchdb 
✓   ✓ 

5 Apache 
Cordova 
android 

✓  ✓  

6 Apache Thrift ✓  ✓  
7 Apache 

Mesos 
✓  ✓  

8 Apache Storm ✓  ✓  
9 Apache 

Zeppelin 
✓  ✓  

10 Apache Hbase ✓   ✓ 
 
 
From the Interview’s conducted we have gathered some very interesting results from 
both instructors and developers’ perspective such as the benefits from utilizing the 
open source projects like Scope of learning, building own module, sharing knowledge. 
The challenges while working with open source projects from interviews perspective 
were identified as inclusion of work, lack of clear requirements and custom driven 
development. Further on the way in which these projects can be mitigated some 
examples like proper documentation code structuring would enhance the reliability in 
using the open source projects. 
 
To avoid the unnecessary grouping of the codes that were obtained from the 
information gathered from the interviews is done by setting up some inclusion criteria 
for the code. These criteria of inclusion were stated below:  

• Relevance: If the code is appeared in the literature and related to the area 
of research that is being carried out then they are selected as relevance.  

• Frequency: If the appearance of code is more than once then these types of 
codes are categorized as frequency. 

 
 
 

 
Figure 42: Showing the benefits while working on open source projects addressed by 
developers 
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Explaining what each code means and how it influences the engagement of the 
developers: 
  

• Benefits to developers: the most important benefit on contributing to the open 
source projects i.e. that the developers can learn new things while working with 
various types of these projects this improves their scope for learning about new 
technologies.  

• By working with these projects developers from around the world contribute 
to the project, hence sharing of knowledge among the developers can be 
observed among these projects.  

• From these above two mentioned benefits one can improve his overall skill and 
ability to work with various scenarios.  

• The developers can also implement their ideas per their wish without any 
restrictions and the scope of customization is left to the developers thinking.  

• Many of the developers either follow the existing modules or build their own 
modules which is an interesting feature to be observed while working with the 
open source projects.  

• Further development of the project can also be observed in these types of 
projects this helps to improve and customizing the scope of the project.  

• The developers when working on the open source projects have the liberty to 
work their own ideas and implement them.  

• The developer while working on the open source projects they can define their 
own modules within the projects these modules if they want to modify them 
they can further implement in the way they want. 

 
Hence all the above-mentioned benefits like scope of learning, easy idea 
implementation building own module, improve overall skills and ability, sharing 
knowledge, further development and scope of customizing have positive influence on 
the engagement of the projects. 
 

 
Figure 43: Showing the challenges faced while working on open source projects 
addressed by developers 
 
Challenges to developers:  

• The main challenge on considering the open source projects is the availability 
of support which is challenging task for many of the developers.  
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• Many of the open source projects are custom driven it will be a time taking 
procedure to get familiar with these projects who are new to these.  

• Lack of proper introduction to the project also leads the developers to spend 
more time to getting used to project.  

• Inclusion of work is also a stated issue from the developers as there will be an 
instance where many of the developers contribute to the same area, so there 
will be no assurance to developers that the code that is contributed by them 
will be included in the source code for the project.  

• Lack of clear requirements also leaves the developers with a confusion of what 
to be achieved.  

• Reasons for discontinuing: most of the developers stop contributing to the open 
source projects as to contribute for these type of projects, lot of personal time 
must be spent which is a challenging issue to the developers.  

• The other emerging issue for the developers to stop contributing is due to the 
lack of support from the projects they are working.  

Other than these above-mentioned reasons, the other reason observed among the 
developers is that having to many requests to contribute more. 
 

 
Figure 44: Showing the mitigations that can be applied for the survivability of open 
source projects addressed by developers 
 
Recommendations to Open source projects for Novice developers:  
• The best way to attract developers to work for their projects is to maintain proper 

documentation regarding the project so that developers can go through at any point 
of time and tutorials are also recommended to the projects which will be most 
helpful to the developers that are interested to contribute.  

• A suitable platform must be maintained among the developers so that there will be 
no work coagulation.  
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• As most of the developers tend to work with the bigger companies, it will be a 
good atmosphere if the bigger companies would take care of these open source 
projects.  

• Allocating a mentor is also a suggested way to maintain these open source projects 
with better yielding results.  

• A requirement sheet can also be maintained so that the developers can contribute 
in accordance with the requirements of the project.  

• The open source projects also should maintain the structure of the code properly 
so that the way in which the project is yielding can be tracked easily. 

 
 

 
Figure 45: Showing the challenges faced while working on open source projects 
addressed in student point of view given by Instructors 
 
Challenges faced in student point of view given by Instructors  

• The main challenge faced by the students trying to contribute to the open 
source projects is when the students are not good at coding and if they 
need any help regarding the project, it is difficult to find the necessary 
support to solve out.  

• Other than the support the other issue on handling the open source 
projects is, when they are not good at something that is related to the 
contribution to the projects then they might not know how to go further 
regarding the project. So, basic knowledge should be known on using a 
project.  

• The availability of the updated documentation is another trending challenge 
faced by the students regarding a project. The other limitation for the students 
is they usually take time to get used to the projects and to modify or contribute 
to the source code. 

 

 
Figure 46: Showing the challenges faced while working on open source projects 
addressed by Instructors 
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Challenges faced by Instructors: Most of the instructors face a common challenge 
on using the open source projects is the availability of support. For instance, if you 
consider open source and thought to develop and integrate the code, it gets difficult 
sometimes as code that is taken from the open source will be your own and support for 
the integration can’t be expected. 
 

 
Figure 47: Showing benefits of open source projects to the software industry 
 
Benefits of Open source projects to the software industry: These benefits are stated 
by the instructors where the first and most important benefit regarding the open source 
projects stated is that they are available for free and doesn’t cost anything on using 
these projects. It is also easier to take from these projects; the software industry can be 
benefited with these projects during the crisis as these projects serve as the platform 
for the development and maintenance of the codes. The projects can also be done faster 
as the effort required will be shared among many developers those are interested in 
contributing to the project. As the transparency among the code is maintained the 
quality assurance of the code can also be benefited from these projects, as many 
developers take review of the code. Hence code reuse is also a beneficial factor that 
must be considered on open source projects. 
 

 
Figure 48: showing conclusions on how the students are benefited, conclusion is drawn 
from instructor’s view 
 
Benefits to Students: The most common benefit that comes to mind on thinking of 
open source projects is that, it is available for free to everyone. On working with the 
open source projects, students can be get used to the working structure of the projects 
which will be helpful in future. They can be get familiar with the trouble shooting and 
fixing the issues of a project. These types of experiences can be gained by the students 
on working with these projects, which will be helpful on coming to the real life. 
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Summary of the result and analysis. 
 
Firstly, Authors taken the metrics from literature into account and applied/ 
implemented on 10 different open source projects. Then applied the repository mining 
technique to formulate the graphs from which the authors tried to understand the 
impact of metrics and how they are implemented on these different open source 
projects. These observations are considered and then later applied them for archival 
data analysis.  
 
Secondly, the deflections that are observed from based on graphs are related with the 
factors that are drawn from literature. These factors are taken into account and 
performed the archival data analysis. After performing the archival data analysis, we 
observed four very important factors which can affect the contribution of developers 
towards the open source projects. They are namely corporate backing, community 
involvement, distribution of issues and specify of guidelines provided by the respective 
institution. 
 
The interviews were used as our third way to collect the data. From the interviews 
performed on developers and instructors we observed which factors impact the 
contribution of the developers. Among these observed results some of them are similar 
to the results obtained from archival data analysis which further proves once again that 
these four factors both repetitive and most likely the one of the primary causes that 
impact contribution. Moreover, the projects with availability of all the four factors 
have been observed to continuously increase the contribution levels of the developers 
in the graphs results across the years which makes them very important to account and 
trust. 
 
Linking between Archival data analysis and Interview results 
 
In the project Apache camel from 4.2.2.1 to 4.2.2.3 and Apache Mesos from 4.2.5.1 to 
4.2.5.4 the explanations drawn from graphs for corporate support, community 
involvement, distribution of issues and contribution of OSS project and specificity of 
guidelines provided for OSS projects all the four factors are clearly available in the 
project which indicates that it helps to improve the activeness of the developers and 
they can engage with open source projects very rigorously.  
 
In the project Apache Storm, out of the four factors the corporate support is not 
available for the project this conclusion is drawn from graph and from considering the 
project portfolio we observed the corporate support is missing.  

• From the developer’s perspective in figure 43, one challenge while using OSS 
project from interviews is that the developers strongly believe if support is not 
there it is a big problem while working in OSS projects.  

• From figure 44 mentor support is needed to mitigate the problems faced while 
understanding the project by new developers. 

• From figure 45 inability to find help indicates there is a need for external 
support from industries impact the OSS projects. 

• From figure 46 as well from instructor’s perspective the challenges in OSS is 
lack of support.   
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Thus, it is important within the archival data lack of corporate support does show affect 
which is also concluded from developers and instructor’s perspective. The above case 
is similar in the other projects as well if observed from table 10 Apache Thrift, Apache 
Zeppelin and Apache Hbase we have the same problem that is corporate support is 
missing in all three of them.  
 
In the project Apache Cordova android, out of the four factors the community 
involvement is not available for the project this conclusion is drawn from graph and 
table 10.  

• The figure 42 one benefit of using OSS from developer perspective is that it 
helps to share knowledge. 

• Figure 43 one challenge is getting familiar with OSS project which in turn 
suggest if new developer have any trouble in working with open source projects 
then they need some forms or community group to ask questions and know 
how situations can be easily resolved. 

• Figure 44 suggest that one mitigation given by developer is to go through forms 
if they have any questions within the OSS project. 

• Figure 45 suggest that inability to find help is one challenge this is given from 
instructor’s perspective, from figure 47 another challenge is finding work 
responsibilities and lack of knowledge which can also be looked within forms. 

Thus, it is important that if the community involvement is absent then there is a chance 
that open sources projects get affected as there is no one to contact about certain 
specific type of questions. 
  
Apache Wicket from table 10 suggest that that the distribution of issues and 
contribution to OSS projects is not available in this project. This project explanation 
can be seen in sub heading 4.2.10.  

• Figure 42 suggest that easy idea implementation is needed as it is a benefit in 
OSS projects if it is not clear what to implement in the OSS project then it is 
hard to work within the OSS project. 

• In the subsection 4.2.10.2, out of 5075 contributions 55% of the issues are 
resolved by core developers and other new developers do merely very few 
contributions and 15% are unassigned, if at all there were better instructions 
much better contribution would have been given by new developers as there is 
a lot of scope to learn for the new developers. 

• Figure 43 suggest getting familiar with the OSS project is important so they 
have clear understanding. Similarly, from developer’s perspective in figure 44 
the mitigation for better running of OSS project is choosing suitable platform 
is important for new developers to work through easily and resolve many issue 
it is important that they have clear code structuring and ability to choose 
suitable platform. 

The distribution of issues and contribution in OSS projects can be increased by giving 
clear help, instructions support, getting familiarity with work they are doing, 
environment support can help new developers to work and resolve more number of 
issue. This issue is also observed in the project Apache Couchdb as well it is lacking 
with the distribution of clear issues and lack of contribution within OSS projects. 
 
In the project Apache Spark in table 10 from 4.2.7.4 it is clear that there is no proper 
documentation. For instance, they have mentioned some brief links about the 
developer tools, mailing lists and versions of the software, but there is no mention of 
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the “review process” that occurs once a contributor makes a pull request to deal with 
an issue. 

• From figure 43 one challenge addressed by developer is that lack of clear 
requirements and lack of proper introduction come into improper 
documentation. This means if there are no clear instructions then it would be 
hard for the new developers and also the existing once to work through the 
OSS project. 

• One mitigation from developer’s perspective is to follow tutorials this is given 
in figure 44, which means there is a need for clear instructions which can 
mitigate the challenges from developer’s perspective. 

• Figure 45 suggest from instructors that inability to update document due to lack 
of understand would lead to declined progress. To increase learning curve 
about the projects clear instructions and documentation is always important. 

• Figure 46 suggest that from instructor’s perspective one challenges that finding 
valid documentation is always hard and it effects the open source projects. 

Thus, like apache spark this same lack of documentation or documentation availability 
is witnessed in apache thrift, zeppelin and Hbase projects this have showed the 
significant effect on the work follow developer’s contribution and activeness within 
the project. 
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Figure 49: Matching between results of archival data and interviews 

 
The last column in table 10 score of unavailability of factors in corresponding projects 
in which it has scores 0, 1 and 2 respectively. For the Apache Storm project, the score 
is 1 in this project in general score 0 means all the survival factors are available which 
means all the four survival factors exist in the project which in turn reflects very good 
engagement and activeness of the developers is consistently good.  
 
In this case of apache storm project, the score is 1 even the score is one which certainly 
indicates that the one survival factor is missing within the project. Even though the 
survival factor is missing in the Strom project, the project is not as good as score 0 but 
the engagement and activeness is sufficient, still if the missing survival factor if at all 
existed then it would show much better improvement in engagement activity. 
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Similarly, the score for Apache Zeppelin 4.2.8 and Apache Hbase 4.2.9 the Score is 2 
which means two survival factors were missing in these two apache projects. The 
absence of two survival factors have shown effect on the engagement and activeness 
of the developers. But in case of Score 2 it is certainly unpredictable as in Apache 
couchdb the activeness and engagement is not sufficient at all, whereas in case of 
apache zeppelin activeness is very low but the engagement of developers seems to be 
good enough for the project. In case of Apache Thrift where the score of unavailability 
of the factors is 2 in this project both the activeness and engagement is good. So, we 
have concluded that when score was 2 in terms of unavailability of survival factors in 
the project the conclusions are unpredictable.  
 
Although the authors strongly believe form the graphs and archival data after analysis 
the survival factors are very important in estimating the engagement and activeness of 
the projects. This means when the score was 0 the observations suggested there is very 
good and consistent engagement and activeness of the developers. When the score is 
1 it is just sufficient and not as good active engagement of developer’s ad that of score 
0. 
 
Impact of the results: The survival factors that have taken for this study which are 
namely corporate support, community involvement, Distribution of Issues and 
contribution to OSS projects and specification of guidelines are useful in 
understanding the engagement and activeness of the developers. Since we have only 
considered the developers as the main base to conduct interviews to understand what 
are the benefits challenges and mitigations of OSS projects from developers and 
instructor’s perspective, also from student perspective given by developers about 
Distribution of Issues and contribution to OSS projects. 
 
 From their feedback about open source projects some benefits in using open source 
projects in general were improved learning ability, shared knowledge, no cost, free and 
gain experience. Some challenges in using the open source projects lack of 
requirements, familiarity, inability to find help, unavailable of documentation, not 
purpose suited and lack of knowledge. The mitigations that can help in improving the 
engagement and activeness in open source projects are proper mentor allocations, 
proper documentation, going through forms and selecting suitable platform. 
 
Observed from the interview data set and from archival data analysis that the key 
reason to improve the engagement in open source projects does lie in focusing on 
survival factors that help to improve the engagement and activeness of the open source 
projects. This study really proved in the table 10 of the projects increase of decrease 
in engagement and activeness in the open source projects were the availability of the 
survival factors in the open source when the score was 0 there is consistent engagement 
and activeness of developers across the years in the project which indicates  
 

• when there is proper corporate support then it helps the developers to have 
access to good requirements portrayed in the project, very good introduction 
about task to be done and it is possible in some cases to have very good mentor 
allocation. 

• Very good community involvement indicates to have very good ability to find 
help and can go through forms or emails to ask questions.  
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• Distribution of Issues and contribution to Oss projects help to have clear 
requirements, gain knowledge based on contribution made. Increased interest 
rate in contribution by new developers unlike in usual scenarios were 90 
percent of the work are done by core dedicated developers. 

•  Specification of guidelines if the documentation is given correct it means it 
has very good documentation which in turn gives clear understanding of what 
needs to be done and very proper project documentation is very important 
which is supported from interviews results from both developer and instructor 
perspective. 

 
These survival factors were matching from archival data analysis and interview results 
play a very significant role in understanding the activeness and engagement. However, 
it is in general important to understand that the survival factors presence within open 
source projects would help the project heads or managers to be careful in managing or 
maintaining all these survival factors properly addressed and coexisted within each 
project so that this in turn will increase the overall open source projects survivability 
in upcoming years. Our study is an extension of the article [17] where the author 
argued that survival factors can be helpful in finding the effect of engagement and 
activeness of the developers in open source projects. The survival factors can be useful 
for the project managers when working in open source projects. From this study, the 
project managers will find the data more reliable, as if the corporate support exist there 
is a lot of feedback and more experienced contribution, documentation helps for clear 
understanding of the project description. Proper distribution of issues based on relevant 
experience, OSS projects community involvement within OSS projects help to solve 
internal issues and questions within the project developer’s community.   For the new 
joiners into the open source there are possibilities for ease of understanding on how 
the projects work and what affects their engagement and activeness. This study is 
important and reliable as the survival factors are very much important for future 
improvement and draw more attention to open source projects, by making sure the 
survival factors are critically addressed. These factors can also be helpful in solving 
existing issues such as projects with low success rate can increase their performance 
by acquiring these survival factors. 
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5 DISCUSSION 
 
This section of the document presents a discursive discussion of the results that are 
analyzed from the previous section. With these analyzed data, they are further 
validated if they are in correspondence to the results found from the interviews. This 
section presents the discussions with the results along with the reasons to validate 
them, and the limitations that are faced during the research. 
 
As a part of the research, the author has performed several activities like literature 
study, case study and conducting semi-structured interviews with the developers. The 
main motive of this section is to discuss the results that obtained from the case study 
and interviews along with correspondence between them. On doing it provides strength 
to the analysis of the research and to validate the research. 

5.1 Discussions on findings of the research:  
 
On collecting the available literature and analyzing the sources that are related to the 
area of research, contributed a perception on the available state of art and provided a 
base to carry out the current research from the previously available work done by other 
researchers. The main motive of the literature review was to have a clear understanding 
on how the data regarding developer activities can be reached to use it for analyzing 
the engagement and activeness of the developers participating in open source projects. 
 
The open source projects strategies and implementations vary with that of the 
traditional projects and the success of these projects rely on the active engagement of 
the developers, who are interested to contribute for that project. With an engrossment 
towards this problem domain, the research has been mainly focused towards the 
success of the open source projects. This can be achieved by defining the factors that 
alter the engagement of the developers. To address this issue, the authors have 
performed literature review which was focused to collect the data regarding the 
developer’s performance analysis and the metrics basing this evaluation. 
 

The articles that were found from the literature search are mainly based 
on mining the developer data in open source projects and evaluating the metrics that 
help to analyze the developer’s engagement. A list of 13 metrics that were mainly 
focused on the analysis of the developer’s performance were derived from the 
literature review, among these listed available metrics, 3 metrics were finalized that 
are closely related to the evaluation of developer engagement with the open source 
projects. In defiance with the broad search string that was used to formulate the start 
set for the literature study, most of the found articles were rejected by analyzing the 
content. Most of the articles that are found were focused on the performance evaluation 
of the developers and limited set of articles were really focused on the mining data of 
developer’s engagement. This observation had pointed relevantly a broad field of 
further studies at this domain. 

 
As the literature review, has resulted on the collection and classifying the related 
metrics that is in coherence with the engagement of developers. These selected metrics 
allows the researcher to analyze the engagement activities of the developer such as, 
analyzing number of lines of code that the developers regarding the project had 
contributed over time. Along with the lines of code, number of commits and number 
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of files are also selected from the literature search [23] [24] [20]. The number of hours 
spent by the developer on each project has been the related metrics for evaluating the 
activeness of the developers. The authors have examined the process of collecting the 
data sample from the listed sources and analyzed the working process in the selected 
environment and adapted to the found techniques through which the project has 
underwent. The authors have gained new knowledge from the implementation of case, 
that compliments the available gained knowledge. This applied research exhibit for 
instance, the metrics used for the evaluation of developer’s engagement and activeness 
in open source projects over time. 
 
The results evaluated from this research cannot be taken into consideration as generic 
wholly. The presented results of the conducted literature review, such as list of relevant 
metrics that are useful for evaluating developer’s engagement with open source 
projects, that can be preferred reuse to other researchers with different approach. From 
the results of the literature, the authors have implemented these evaluation metrics on 
the open source projects that were selected. The focus of the case study is to evaluate 
factors that alter the engagement of developer’s activities. Initially with the help of the 
metrics the data regarding the engagement activities are collected from the project and 
later the variances in the data are related to the factors that are available from the 
project’s documentation. Later semi-structured interviews are conducted with the 
experienced developers on open source projects, which are mainly focused on the 
engagement issues and the factors affecting their engagement. Hence the factors 
defined from the cases are well supported with the data that is collected from 
interviews. 
 
Answering research question 1 the basic inspiration for this project in the article [26] 
have considered some metrics like number of lines of code, total lines of code, churn 
of lines of code. Similarly, in the article [27] the author used the commit logs to 
understand how many bugs were fixed in the open source projects. So, we have also 
believed that some metrics can be considered to understand the engagement and 
activeness of developers in the activeness of developers. So, we really started to look 
into literature to understand what are the metrics that are existing showing responsive 
metrics and the corresponding matching literature in the table1 in section 2 among 
these some metrics that are suitable to this study are taken into account to start and 
draw observations and understand engagement and activeness of the developers in the 
open source projects.  
 
Fortunately for the selected metrics we could draw some graphs to understand how the 
metrics lines of code, number of files, number of commits help to understand the 
engagement and activeness exist. From the engagement and activeness of the 
developers the graphs were drawn for metrics and year wise developer engagement 
and activeness. This graph data is utilized in the second research question to use the 
observations from RQ1, we then extended the study to know the survival factors 
existence within each project and how they affect in activeness and engagement. 
 
Stating the RQ2 the factors effecting the developer’s engagement with the open source 
projects are:  

1. Corporate backing/support: from the case study, it was evident that the projects 
with huge corporate support or big companies supporting the open source 
projects have tend to increase in the engagement of the developers. Stating this 
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factor some of the developers tend to work with higher companies and it will 
have a good atmosphere if bigger companies would take care of these open 
source projects.  

2. Community involvement: from the case study, this factor has been evaluated 
by extracting significant data patterns from the archives of mailing list of 
developers and users. It was evident from this analysis that in most of the cases 
the traffic for each year was found to be proportional to the commits by 
contributors to the project. This factor is supported from the interviews as some 
of the interviewee suggested to have a suitable communication platform for the 
developers to communicate with others to have better involvement in the 
project. 

3. Distribution of issues and contributions: from the case study analysis, it has 
been stated that this factor is considered due to the imbalance of work 
distribution among the developers that affect the engagement of developers. 
During the interview, some stated that it would be best suitable if requirement 
sheets are maintained within open source projects, so that work coagulation 
and work dispersion can be clearly defined.  

4. Specificity of guidelines provided by open source projects: from the case 
studies, it was observed that the specificity of guidelines has directly 
proportional to the engagement of the developers. However, a new developer 
interested to contribute, may find it difficult to access some of the vital 
information that the person might need which could be demotivating factor to 
contribute. From the interviews, some of the developers suggested that the best 
way to involve developers for working to the open source projects is to 
maintain proper documentation so that they can go through at any point of time 
and tutorials also helpful to contributors that interested to contribute. 

 
When 2 factors are changing then there are 2 projects which show increase in the active 
ness and engagement similarly 2 projects show decrease in the activeness and 
engagement there are some contradictions here that is even though the factors are not 
provided correctly there is increase in contributor’s engagement and activeness this 
might be due to various other reasons that may be internal to the project. However, in 
our study we would like to conclude that as these four factors are supported by the 
interview participants as well that when they are not significantly presented they shall 
impact the way in which the developers engage and actively involved in open source 
projects 
 
In addition to this data, the interviews were also conducted with the instructors along 
with the developers defining the challenges and benefits they face while using the open 
source projects. The additional information that was collected from the developers is 
about the challenges and benefits about using open source projects and reasons for 
discontinuation. From the instructors, the data regarding the benefits, challenges they 
face and the students may face on using open source projects. 
 
We have observed from the interview data set and from archival data analysis that the 
key reason to improve the engagement in open source projects does lie in focusing on 
survival factors that help to improve the engagement and activeness of the open source 
projects. This study really proved in the table 10 of the projects increase of decrease 



 

68 
 

in engagement and activeness in the open source projects were the availability of the 
survival factors in the open source when the score was 0 there is consistent engagement 
and activeness of developers across the years in the project. 
 
The survival factors were matching from archival data analysis and interview results 
and play a very significant role in understanding the activeness and engagement. If the 
score was 1 the engagement was inconsistent due to absence of that one 
missing/unviability of metric if it was there would have been a better engagement of 
developers. However, in third case where score of inability of survival factor is 2 then 
we were unable to draw proper conclusions as some show increased engagement some 
show only increased activeness and sometimes both show decreased engagement and 
activeness. However, it is in general important to understand that the survival factors 
presence within open source projects would help the project heads or managers to be 
careful in managing or maintaining all these survival factors properly addressed and 
coexisted within each project so that this intron will increase the overall open source 
projects survivability in upcoming years. Our study is an extension of the article [17] 
where the author argued that survival factors can be helpful in finding the effect of 
engagement and activeness of the developers in open source projects. 
 
This contribution of the research can be added to the existing literature in several 
aspects. Initially, most of the previous studies presented their results on the data that 
is evident from the literature and some presented case studies on a fewer projects [20] 
[22]. As this research presents its analysis evaluating more number of cases to reduce 
the risk of sample bias. Secondly, there is an ample information on the factors that 
affect the traditional projects whereas for the open source projects it is different and 
very little research has been done. 
 
In the article [25] the author used multi-dimensional analysis using commits, bugs and 
using these metrics he has trained the developers to train them for 6 months on the 
OSS project to improve the contribution. Similar work is done in article [27] to 
improve the performance of the developers using the personalized defect prediction 
model to understand bugs, defects, vulnerabilities and quality attributes. The articles 
have utilized the metrics available in OSS projects to estimate the developer’s 
contribution, performance and engagement So, we have also used available metrics in 
a similar way as the authors to understand the engagement and activeness of the 
developers. From the observations to understand the contribution level variations some 
survival factors are helpful this conclusion is drawn from article [17] as the author 
have used the survival factors to understand the beginning and growth of contribution 
of developers in OSS projects. In the article [17] the author strongly believe that the 
survival factors play vital role in inducing growth in OSS projects, the factors evolve 
as the project does. Furthermore “criticality of a survival factor is contingent upon the 
life cycle stage (initial vs. growth) in which the project resides” [17]. 
  
The factors that are identified in this research can be used by the project managers to 
improve the open source projects performance. Thirdly, most of the previous work are 
concerned at various levels of life cycle of open source projects, this research predicts 
those factors that can applied commonly at any stage of the project. Finally, the factors 
stated by Wang [17], were they can be used at initial and growth stages of the open 
source projects and stated the time effects are important to study open source projects 
survival, this research carries out including time and various other aspects that can be 
applied at every stage of the open source project. This kind of work helps the open 
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source projects to have better yield of success and increase their community by 
involving more developers and efficiently engaging them within the project. 

5.2 Validity threats  
5.2.1 Threats to validity  
Every method in software engineering is exposed to some threat hindering the 
trustworthiness of the findings and quality of research. Considering the research 
methods case study and interviews opted for this research are qualitative research 
methods. Validity threats need to be identified and mitigation strategies pertaining to 
this research are mentioned here. For the specified qualitative research method, 
following validity threats can be addressed. Threats relevant for this research and 
necessary steps for avoiding this research are identified so that quality is ensured. The 
threats to validity are drawn from Claes Wohlin [29]. 
 
Construct Validity:  
This threat can be defined as the extent to which studies are being reflected by 
different tools and process opted for the research. For our study, it turns out the 
construct validity is whether the metrics we selected are the appropriate ones to 
measure developers’ engagement. It refers to similarities and differences that exist 
between the results researcher had aimed to achieve and what has been investigated 
[50]. It involves analyzing the systematic procedures that are applied in the research 
process and validate whether they are being captured in the Requirements of the 
study. 
The interview questions might be poorly formulated and might be not perfectly 
structured and inconclusive to the participants and can turn into different perspectives, 
the questions were reviewed by the supervisors and some developers in the known 
community to see if the interview questions are formulated correctly and was there any 
problem and chances of miss conceptions, we tried to reduce these confusions and 
make the structure and formulation of research questions very clear. 
 
The interview questions were asked in the given interview, we did not fix to fixed 
number of questions as the interview type was semi structured interview we tried to 
account for participant’s perspective so we tried to add few questions to the answers 
given by the participants to know what they mean and sometimes this information has 
helped to look much deeper into how their view really means and what they intend to 
convey. 
 
One of the essentials of performing qualitative research is to triangulate data. So, 
interviews from different practitioners are considered to triangulate data and to gather 
the required information to categories the benefits challenges and the mitigations that 
are addressed are the conclusions drawn from the conclusions taken form archival data, 
case study results and interview data all are combined to draw conclusion by 
triangulate the data. 
 
Internal Validity:  
Internal validity refers to how the treatment of case variables and entities, its 
association with each other’s that finally affect the outcomes and hypotheses of the 
study. This type of threats mainly occurs due to factors that are left unnoticed due to 
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changes made by third parties. Probability of occurrence of this threat is high if the 
researcher doesn’t have clarity about the research being applied. 
 
Selecting improper professionals who are not related to this platform, selecting 
irrelevant literature and miss-interpretation of data may be one of the reasons for 
internal validity. Experienced people are considered for this research which eliminates 
the chance of threat occurrence. Sampling technique opted for this research is 
convenience sampling which allowed to select people above 2 years’ experience [51]. 
 
We had to primarily interview the developers who have worked on the open source 
projects. The open source projects have developers who work on the projects, we did 
not interview developers, we have however tried to connect with the developers who 
have worked in other open source projects. This is a threat as we tried to approach the 
people who actually worked on the open source projects that we have selected for this 
study but none of them have replied back so have to move to other available options. 
This however compensated by taking the people from similar open source projects 
who we have access to. 
 
Another risk for this research is poor data analysis which further leads to incorrect 
solution. Solutions were discussed with the supervisor to get additional comments 
about research and avoid this threat. Chance of missing relevant literature for this 
research is also one of the risks as information relevant to the context may be missing 
because of missing systematic literature review. We have performed the literature 
view to understand what is the exiting literature relevant in this area even though we 
did not implement a systematic literature as the number of articles were very few 
within this scope, however we tried to focus and collect all the required data without 
any leftovers that match the scope of the project. 
 
Researcher bias/experimenter bias is another threat that is posed by the inexperience 
of the authors of the case study. To mitigate these threats, we author have primarily 
stressed on reviewing the literature concerning case studies, and then followed the 
guidelines that are imposed in the literature. The risk of selection bias was reduced by 
considering only the homogeneous a sample we only considered the open source 
projects and within the open source projects we only focused in selecting the 
developers this helps to maintain multiple perspectives. 
 
There is a chance of loss of contextual information as the process was time consuming 
and takes a long period of time. To mitigate this threat care is taken such that the data 
collection is done parallel with proper tools like excel sheets, that match for the need 
care is taken such that no data is lost in the process. 
 
External Validity:  
External validity can be defined as extent to which results can be generalized. It mainly 
refers to possibility of making the case valid outside the environment. Lack of 
generalizability, when applicable this becomes a major threat as it cannot be replaced 
to a large amount of sample projects. In our projects, we have considered various range 
of open source projects and this study can be replicable to all the open source projects. 
The finding and the factors that affect the engagement and activity can be applied to 
all the open source projects. A set of people may not represent the views of whole 
organization. This threat has been avoided by selecting convenient sampling 
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technique. Considering the constraints such as resource availability, time needed this 
sample is sort to be best for conducting this research. As experienced professionals are 
involved in research, results can be generalized to most of the open source software. 
Constraints and variables that affect the environment in which case is dealt has been 
considered explicitly to avoid this threat [33] [50]. 
 
To improve the validity, we have performed the member checking as part of our 
assessment and to draw final conclusions, the member checking was performed 
between the two authors on the data collected so that there is no bias. 
 
Reliability:  
Reliability can be defined as accuracy of research methods and data analysis methods 
used. Pre-test of the methods that are being implemented will ensure the reliability of 
the findings. These tests are conducted so that results are not biased towards a single 
context. Interviews results are analyzed by seeking suggestions from supervisor [51].  
Reliability of findings were constantly checked by keeping track of participant’s 
opinion. Threats occurred through this reliability are tried to get eliminated by proper 
literature review and following guidelines in a systematic manner [33] [39]. 
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6 CONCLUSION AND FUTURE WORK 
 
The main research objective of this research was to investigate the engagement and 
level of activity of contributors in 10 open source projects. Furthermore, we aimed at 
identifying reasons for the observed levels of engagement and activity in the 
investigated 10 projects. The objectives which were stated in research study were 
fulfilled by carrying out literature review, case study and interviews of which the 
results have been documented in above sections of the document. During this research, 
a list of 13 metrics has been listed from the literature from which 3 relevant metrics 
were selected based on the research aim and evaluated these metrics on the selected 
10 open source projects. The case study has been conducted among ten open source 
projects to ensure the consistency of the results that were obtained. 
 
Drawing the general conclusions of the research, among the selected group of projects 
we have categorized them into three types, projects with high and increasing 
engagement activity, projects that got stagnated or started to fade regarding 
engagement and activity of contributors and projects that are indecisive. Furthermore, 
we identified the following reasons for the cause of fluctuations by performing the 
archival research on the selected projects such as referring to the provided 
documentation about the projects, mailing list, organizational charts and companies 
which are in collaboration with the projects. By reviewing these characteristics, we 
identified four factors which are in common to these projects by which the engagement 
and activeness of the contributors might affect. These research findings were supported 
with the interviews that were conducted with the developers. The interviewees have 
listed some factors they faced while contributing to the open source projects. From 
both the results it was concluded that a final list of four main factors like corporate 
backing/support, community involvement, distribution of issues, contributions and 
specificity of guidelines have major impact upon achieving the success of the project. 
Along with these factors, the challenges, and benefits with the open source projects 
from the perspectives of developers and instructors were also concluded from the 
interviews. These insights were color coded and presented as analysis in this 
document. 

6.1 Future work: 
 
The future work to this research can be: 
 

• Data collection: For analyzing the factors effecting the engagement of 
developers, interview sample has been selected outside the projects due to the 
availability and time constraint. The result will be more validated by 
interviewing the developers of the analyzed project. 
 

• Further research: Our research can be extended by analyzing the performance 
of the developers with other metrics that can be related to the engagement of 
the developers and to investigate the engagement in other projects that are not 
necessarily associated with Apache foundation. 
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Appendix 3 
Table 12: Table with the top five contributors for each metric with corresponding to 
the projects selected. 

s
/
n
o 

Project 
Name 

Top five contributors for each project 
 

Lines of code Number of 
Commits 

Number of 
Files 

Number of Hours 

1 Apache 
Wicket 

Martin 165,10
8 

Hilleniu
s 

2,913 Martin 2,91
3 

Martin 3711 

Vaynb
erg 

74,974 Vaynbe
rg 

2,872 Juegan 2,29
1 

Igor 3037 

Juegan 68,887 Juegan  1,867 Vaynber
g 

2,01
5 

Eelco 2754 

Andre
a  

40,909 Johan 1,484 Jonatha
n 

1,51
7 

Juegen 2107 

Hilleni
us 

35,789 Jonath
an 

1,321 Johan 1,41
0 

Johan 1388 

2 Apache 
Camel 

Wille
m  

113,75
4 

Willem  2,289 Willem  11,9
79 

Ibsen  13204 

Ibsen 36,262 Ibsen 1,905 Ibsen 9,30
1 

Willem 3985 

Strach
an 

18,264 Stracha
n 

1,238 Stracha
n 

3,53
1 

Andrea 2134 

Hadria
n 

8,212 Hadria
n 

1,232 Hadrian 2,06
3 

James 1435 

Jonath
an 

7,244 Jonath
an 

1,202 Jonatha
n 

1,53
3 

Jiang 1192 

3 Apache 
Spark 

jerrysh
ao 

357,14
3 

jerrysh
ao 

543 jerrysha
o 

2,33
5 

Matei 1504 

Matei  170,62
3 

Matei  454 Matei  1,49
6 

Xin 1194 

Yin 
Huai 

45,332 Yin 
Huai 

359 Yin Huai 743 Patrick 939 

Reynol
d  

32,005 Reynol
d  

249 Reynold  543 Das 818 

Marcel
o  

18,371 Marcel
o  

128 Marcelo  248 Liu 704 

4 Apache 
Couchd
b 

Davis 20,397 Kocolos
ki 

1,290 Newson 277 Robert 1039 

Lehnar
dt               

13,652 Newso
n 

1,209 Davis 270 Jan 866 

Alexan
der 

11,448 Lehnar
dt 

1,072 Lehnard
t 

209 Adam 677 

iilyak                     9,166 David 737 iilyak   179 David 621 

Ander
son 

7,966 Davis 695 Alexand
er 

174 John 511 
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5 Apache 
Cordov
a 
Androi
d 

Steven  59,902 Bowser 904 Steven 676 Bowser  773 

Kotiko
v 

24,077 Andre
w 

525 Kotikov 249 Simon  668 

Andre
w 

6,331 macdo
nst                     

402 Bowser 102 Andrew 541 

Bowse
r 

5,409 Curtis 301 Andrew 83 Bryce 371 

Brade
n 

4,795 Kadri 98 Braden 52 Joe 150 

6 Apache 
Thrift 

Geyer 68,513 David   859 Roger 760 Roger 1014 

Roger                   48,530 Roger                   719 Geyer 727 Jens 845 

Jfarrell                      38,334 Geyer 588 David    557 Bryan 652 

David                 34,863 Duxbur
y 

499 Nobuaki 450 David 586 

Duxbu
ry                 

31,096 Mark 428 Duxbur
y 

435 Mark 551 

7 Apache 
Mesos 

Zhiwei 100,32
1 

Hindma
n 

1,872 Bannier 915 Jie Yu 882 

Hindm
an 

92,080 Mahler              902 Hindma
n 

850 Vinod 505 

Mahle
r              

37,023 Vinod 850 Mahler              641 Neil 478 

Jie Yu 35,840 Jie Yu 840 Conway 470 Mahler 426 

Greg  33,205 Conwa
y 

556 Jie Yu 434 Hindma
n 

373 

8 Apache 
Storm 

Natha
n 

61,568 Nathan 1,289 Robert 1,61
5 

Nathan 1098 

Robert 61,472 Jungtae
k 

905 Ptgoetz 935 Lim 798 

Ptgoet
z 

33,824 Derek  238 Lim 543 Evans 763 

Sanket 22,863 Brahm
bhatt 

232 Nathan 418 Goetz 724 

Harsha 21,345 Bobby 202 Arun 297 Harsha 304 

9 Apache 
Zeppeli
n 

Lee 
moon 

56,157 Lee 
moon 

1,240 Lee 
moon 

612 Moon 1105 

Lamda 24,143 Anthon
y 

192 Lamda 269 Lee 
moon 

362 

Alexan
der 

14,368 Mina 
lee 

146 Mina 
lee 

251 Anthon
y 

200 

Antho
ny 

12,320 Prabhjy
ot 

102 Ah 
Young 

182 Hanmail 187 

Doan 10,358 Jongyo
ul 

93 Prabhjy
ot 

158 Prabhjy
ot 

181 

1
0 

Apache 
hbase 

Micha
el  

577,98
5 

Michae
l  

1,964 Michael  10,9
39 

Michael 6563 
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Keller
man 

488,88
7 

Kellerm
an 

1,904 Kellerm
an 

9,40
1 

Ted 1726 

Ramak
rishna 

338,65
4 

Ramakr
ishna 

1,228 Ramakri
shna 

3,73
1 

Andrew 1207 

Andre
w  

122,67
8 

Andre
w  

550 Andrew  2,09
3 

Tedyu 1134 

eclark 98,111 eclark 435 eclark 1,58
3 

Enis 700 

 
 
 
 
 


