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ABSTRACT 
 

Context. In this ever-changing world of software development, the process of organizations adopting 
distributed development is gaining prominence. Implementing various development processes in such 
distributed environment is giving rise to numerous issues which affects the quality of the product. These 
issues could be due to the involvement of architects across national borders during the process of 
development. In this research, the focus is to improve software quality by addressing the impact of 
maturity and scale between teams and its affect on code review process. Further to identify the issues 
behind the distribution between teams separated by geographical, temporal and cultural distances. 
 
Objectives. The main objective of this research is to identify how different factors such as maturity on 
quality of deliverables, scale and distribution that impacts the code review process affecting software 
quality. Based on code review comments in data set, the factors that were examined in this research are 
evolvability of defects and difference in the quality of software developed by mature and immature 
teams within code review process. Later on, the issues related to the impact of geographical, temporal 
and cultural distances on the type of defects revealed during distributed development are identified.   
 
Methods. To achieve these objectives, a case study was conducted at Ericsson. A mixed approach has 
been chosen that includes, archival data and semi-structured interviews to gather useful data for this 
research. Archival data is one of the data collection method used for reviewing comments in data set 
and gather quantitative results for the study. We employed approaches such as descriptive statistics, 
hypothesis testing, and graphical representation to analyze data. Moreover, to strengthen these results, 
semi-structured group interview is conducted to triangulate the data and collect additional insights about 
code review process in large scale organizations.  
  
Results. By conducting this research, it is inferred that teams with a lower level of maturity produce 
more number of defects. It was observed that 35.11% functional, 59.03% maintainability, 0.11% 
compatibility, 0.028% security, 0.73% reliability, 4.96% performance efficiency, 0.014% portability of 
defects were found from archival data. Majority of defects were of functional and maintainability type, 
which impacts software quality in distributed environment. In addition to the above-mentioned results, 
other findings are related to evolvability of defects within immature teams which shows that there is no 
particular trend in increase or decrease in number of defects. Issues that occur due to distribution 
between teams are found out in this research. The overall results of this study are to suggest the impact 
of maturity and scale on software quality by making numerical assumptions and validating these finding 
with interviews. Interviews are also used to inquire information about the issues from dataset related to 
the impact of global software engineering (GSE) distances on code review process. 
 
Conclusions. At the end of this research it is concluded that in these type of projects, immature teams 
produce more number of defects than mature teams. This is because when large-scale projects are 
distributed globally, it is always harder to share and acquire knowledge between teams, increase group 
learning and mentor teams located in immature sites. Immature developers have problems of 
understanding the structure of code, new architects need to acquire knowledge on the scope and real 
time issues for improving quality of software. Using results presented in this thesis, researchers can find 
new gaps easily to extend the research on various influences on code review process in distributed 
environment.  
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1 INTRODUCTION 

1.1 Problem statement 
 
Globalization in software industries has a major influence on software development. Global 
Software Development (GSD) is the practice of developing software in a distributed way, 
involving developers in different locations and in some cases across national borders [1][2]. 
Organizations within software industry try to distribute the process of software developers 
worldwide to access potential benefits from GSD. The benefits include access to highly skilled 
resources in low-cost locations, reduced time to market, improved resources, improved team 
benefits, cut down costs to increase their profits, mixing of developers with different cultures 
by cross-site distribution of work and quick transfer of product between development sites by 
proper communication links [3][4][5]. 
 
Despite the aforementioned benefits, GSD is associated with many challenges in relation to 
communication and coordination. Communication and coordination are harder to 
operationalize in GSD project [3]. In addition, they play a critical role in the success of global 
software projects between teams. Communication can be described as an exchange of 
unambiguous and complete information until sender and receiver reaches a common 
understanding [6]. Coordination can be stated as an act of integrating each individual task with 
the organizational units such that each of them contributes in achieving the overall objective 
of the project. But this process of integration requires regular and ongoing communication [6]. 
GSD is associated with many challenges in relation to communication and coordination that 
are affected by distances involved in three major dimensions [7].   
 
The three major dimensions of distance in GSD include geographical, cultural and temporal 
distances. Geographical distance can be stated as a measure of effort required for ease of 
relocating from one location to another for reducing the intensity of communication. Cultural 
distance is a measure for understandability of team members on certain issues or situations 
when distributed by national and organizational culture, language, politics, individual 
motivation and work ethics. Temporal distance is the difference in time between remote 
locations by reducing the opportunity for real-time collaboration among team members like 
overlapping working hours and forcing the use asynchronous communication [8]. Various 
empirical studies [1][9][8][7] show that geographical, temporal and cultural distance makes 
more difficult to work collaboratively and find ways to overcome challenges pertaining to 
communication and coordination.  
 
Challenges associated with communication and coordination often affect the process of 
software development which leads to problems such as budget overruns, schedule overruns 
and a higher number of defects. Thus, maintaining communication & coordination among 
teams with three distances has been identified as a typical task because of various issues 
hindering the success of GSD projects in large scale organizations. These issues could degrade 
the software quality and may lead to failure of software projects. 
 
As quality is an important factor in software, measures should be taken to assure and enhance 
it. Improving quality can decrease rework, cost and schedule which can lead to improved 
capability [10]. To achieve this, a practice that is gaining popularity to improve software 
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quality is code review process [11][12]. Code review is a systematic examination of source 
code which is intended to find or fix bugs overlooked during software development. This 
review is done to ensure and improve product quality with enhanced developer skills during 
initial stages of the development lifecycle. These reviews are often done to gain benefits such 
as early error detection, scrutinize coding conventions, knowledge exchange, shared code 
ownership, easy entry to contribution and enables review before a change is submitted. 
Generally, code reviews are done to expel some vulnerabilities observed in code by reducing 
defects, decrease memory leaks, buffer overflows and improve the quality of software [13]. 
Code review process is proposed to facilitate the changes that were required [14]. This process 
can be implemented with a specific practice which includes formal and lightweight code 
review.  
 
It is hard to implement code reviews in distributed projects as numerous issues are introduced 
during development that can affect the quality of software product. To ensure the quality of 
software, code review process is an explicit contribution to projects code. But ineffective code 
review process increases the chance of defects occurrence and may further lead to quality 
problems. Some of the aspects encountered by software architects in distributed development 
that are linked with software quality are code review coverage, reviewer participation, work 
load due to differences in code, scheduling time and understanding the reason for the change 
in code. These issues are mainly seen due to aspects such as difference in maturity between 
teams, scale and distribution. In this thesis it is observed quality of software kept on varying 
from time to time. Hence, this variance is stated in terms of scale to find evolution of defects 
and determine quality of software as time proceeds. As different sites are involved in this 
project, product is developed in distributed manner. So following distributed development 
would impact code review process because of separation of teams with distances of Global 
Software Engineering (GSE). In addition, maturity between teams is one of the aspects that is 
affecting software quality while reviewing the code. So, this research aimed to study the 
impact of the difference in maturity levels between teams and scale that affects code review 
process and identify the issues leading to the occurrence of communication and coordination 
challenges between teams separated by three distances. 

1.2 Research aim and objectives 
 

The main aim of this project is to investigate the impact of maturity, scale and distribution on 
software quality in globally distributed legacy projects. Hence the focus of this research is to 
analyze a dataset with code reviews that are collected from Ericsson-Karlskrona. The idea is 
to analyze the significant difference between mature and immature teams by comparing 
quantitative results obtained through the evolution of defects. To complement quantitative 
data, a group interview is planned to validate the results. The proposed method can help to 
enhance software quality by understanding the evolvability of defects for each defect type 
during code review process.  
 
The following objectives of this research are: 
 

• Perform a case study on Ericsson data set to identify whether the quality of software 
developed by mature teams differs from one of the immature team. 
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• To analyze whether maturity impacts the quality of software developed by distributed 
teams.  

• To see the evolution of immature teams over time regarding the number of defects 
produced by them.  

• To identify issues imposed by global distribution regarding code review process in 
these types of projects. 

1.3 Research questions and motivation  
 

In this section, research questions are formulated based on aims, objectives and related 
research for conducting this study are reported. Each research question is answered by 
conducting a case study. 
 
RQ1. How does the quality of software developed by immature teams differ from one of the 
mature teams in large scale distributed projects? 
 
Motivation- Among most of the domains related to software engineering, software quality is 
considered as an important factor by many researchers. In a distributed environment, ensuring 
the quality of software can be considered as a critical task because diverse employees with 
different maturity levels exist. Hence the quality of software may vary due to the difference in 
maturity between teams and type of development strategies followed by them. So by 
considering these aspects, the maturity of architect’s part of this process is one of the factor 
that has a huge impact on it. This aspect motivated us to select maturity of architects as a 
variable apart from many other aspects related to software quality. Answering this research 
question helps to gather statistical evidence that strengthen this research such as the significant 
difference between the quality of software developed by mature and immature teams. These 
statistical evidence are further validated with software architects to know practical issues and 
challenges which cause these differences. Hence this results can contribute to software 
engineering industry by knowing whether collaboration between mature and immature teams 
in distributed environment unveil difficulties.   
   
RQ2. How does the quality of software developed by immature teams evolve over time in 
large scale distributed projects? 
 
Motivation- The motivation for including this research question is to see how the quality of 
software developed by immature teams is varying after completing a task within specified 
time. From the given data set, it is observed that product development is divided into various 
tasks in this distributed project. Here a task can be defined as activities that is carried out by 
teams during product development. Hence gathering quantitative insights using tasks 
completed by immature teams can help us to know scale in evolution of defects and reasons 
behind such variances in quality of software by discussing with software architects at case 
company. Answering this research question helps to contribute to the body of knowledge in 
software engineering domain which adds to research related to the impact of scale on software 
quality. 
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RQ3. What are the issues related to the impact of cultural, geographical and temporal distances 
on code review process in large scale distributed projects? 
 
Motivation- This research question is framed with the motive to gain in-depth insights into 
issues while implementing code review in a distributed environment by directly interviewing 
the architects part of this process. Conducting case study would lead to the partial fulfillment 
of objectives where only issues with in archival data are studied, to get additional information 
about the state of practice and reasons behind such issues, conducting semi-structured group 
interview is found necessary and made part of this research. Answering this question also helps 
us to know the measures taken by the company to avoid these issues and successfully complete 
the code review process in a distributed environment. In this way, we gather qualitative data 
relevant to this research and try to explore different views of architects about different issues 
in code review process.    

1.4 Expected research outcomes 
 

This following are the expected outcomes of this research after fulfilling aims and objectives.  
 
E1- To quantify the difference between the quality of software developed by mature and 
immature teams. 
E2- Characterize the evolution of immature teams regarding the quality of software developed 
by architects.  
E3- Characterize the issues related to the impact of geographical, cultural and temporal 
distance on the code review process in large-scale distributed projects.  

1.5 Structure of the Thesis 
 

Thesis structure for this report as discussed in Figure 1 has 3 major sections, namely 
Introduction, research methodology, results and analysis and, conclusion. The introduction has 
two chapters - Introduction (Chapter-1), background study and related work (Chapter-2). The 
other section presents two chapter’s research methodology, results, and analysis. Research 
methodology in chapter-3, results, and analysis (chapter-4). On the other hand, the conclusion 
is a section which consists of two chapter’s discussion and limitations (chapter-5), conclusion 
and future work (chapter-6).  
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Figure 1: Structure of thesis 
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2 BACKGROUND STUDY & RELATED WORK 
 
This research deliberates concepts such as code review process, global software 

engineering, the impact of maturity, scale and distribution on architects while implementing 
the above concepts in large-scale projects and its effects on software quality. Hence, this 
chapter provides a view on background study and prior endeavor related to this research.  

2.1 Background study 
 

2.1.1 Global software engineering 
 

Due to globalization in recent years, GSE is increasingly becoming a prominent operational 
model for many companies around the world to increase their profits and decrease project 
cycle-time [15][16][17][18]. According to [19], GSE can be defined as “Software 
development with teams situated at different geographical locations, from different national 
and organizational cultures, and different time zones”. Following such kind of development 
while developing a software can be stated as GSD. Software organizations are moving towards 
GSE to attain benefits of GSD (as mentioned in section 1) [19][20]. 

2.1.1.1 Global software development 
 
GSD focuses on software engineering activities that are performed by software teams 
dispersed geographically in different locations where team members are seen with different 
cultures and communication skills. These teams collaborate either by outsourcing or 
offshoring. Outsourcing is an activity, where companies contract external organizations for 
development tasks whereas offshoring refers to relocating organizational business process to 
another country. The factors that make GSD unique from another kind of development are 
multi sourcing, geographical distribution and, sociocultural, temporal, linguistics and 
contextual diversities. Apart from these factors, there are potential benefits associated with 
GSD are as follows [9][21][22][23][24][25][4]: 
 
Cost reduction: Companies looking to invest in low wage countries such as India and China. 
 
Proximity to market: Increases the proximity of reaching more number of customers. 
 
Modularization of tasks: Software components are developed in parallel which eases the 
release of the software. 
 
Acquisition and innovation: People with different view and ideas will be made part of a 
group. 
 
Improved time to market: Follow-the-sun approach allows to increase the number of 
working hours in a day. 
 
Access to trained work force: Best architects in the world can work together regardless of 
where they are residing.  
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2.1.1.1.1 Challenges of GSD  
 
Though there are many benefits, implementing GSD in real time scenario introduces various 
challenges. This is mainly due to broader scope and nature of GSD. There are three global 
factors such as temporal, geographical and socio-cultural distances that mainly impacts 
coordination and communication between teams. A clear description about three distances and 
their affect on communication and coordination are discussed as follows:   

2.1.1.1.1.1 Coordination: 
 
Impact of Temporal Distance:  
 
In a distributed environment, it is hard to make an effective collaboration between teams due 
to distance aspects. Consider a case, where the development of a product in large scale 
organization is done from different locations where time overlap is limited. This can influence 
the coordination between teams and further affect the development process. This can also lead 
to decrease in coordination time and increase the chance of defect occurrence which leads to 
rework and delay in the process.  
 
Impact of Geographical Distance: 
 
Geographical distance increases the chance of confusion in roles & responsibilities among 
distributed team members. Coordination is necessary to be aware of changes in GSD projects. 
A GSD project consists of different stakeholders who are separated by distances, need to be 
aware of changes in the project. Transparency to all the team members across remote sites, not 
having equal access to needful information are some of the challenges faced due to 
geographical distance.  
 
Impact of Cultural Distance:  
 
One of the challenges faced to maintain coordination between teams in GSD projects is 
knowledge and information sharing. Teams from different locations follow different 
terminology to convey their message to another person. If other person misunderstands the 
message, it leads to misinterpretation and reworks on the project. This is caused due to 
linguistic differences and lack of communication skills.  

2.1.1.1.1.2 Communication: 
 
Impact of Temporal Distance: 
 
In a distributed environment, teams from different time zones collaborate to complete 
development process. Thus, temporal distance introduces challenges among distributed teams 
and reduce the quality of communication. A process requires team members to reply instantly 
to resolve errors during development. Temporal distance acts as a barrier preventing instant 
communication between architects located in different locations. If there are any delays in 
communication, the other party needs to wait until they receive a reply. This prevents 
development process increasing time and resources spent. 
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Impact of Geographical distance: 
 
Geographical distance impacts communication between collocated sites because team 
members hardly get a chance to conduct face to face meetings. Face to face communication is 
believed to be the most effective communication channel for project success. Code review 
process can give effective results if developers and reviewers meet face-to-face as it helps in 
increasing interpersonal relationship between teams. Team members can discuss freely about 
the errors and changes to the code whenever they have leisure time. But with geographical 
dispersion between teams, traveling costs increases to conduct face-to-face meetings. So most 
of the companies use tools for communication which decreases the frequency of 
communication. 
 
Impact of Cultural distance:  
 
In a distributed project, team members are made part involving different locations and 
nationalities. This causes to lack mutual understanding between team members. Linguistic 
differences between team members can also cause communication overhead between 
collocated sites.  
 

2.1.2 Software quality in GSD 
 
Software quality can be defined as the degree to which a system or component meet the 
consumer requirements and specifications. Quality is mostly associated with conformance to 
requirements by developing the product according to the standards developed. According to 
[26][27], quality of the product in GSD projects are generally affected by the type of process 
adopted. Activities such as requirements elicitation, designing, development, and testing are 
not easy to perform in a GSD environment. Because various challenges associated with GSD 
would decrease coordination among team members distributed globally. If communication and 
coordination between teams are not maintained properly, quality of software cannot be 
controlled [28]. A quality model such as ISO 25010:2011 is mostly helpful in considering the 
aspect of software quality and derive the product according to user needs [29]. 
  
Most of the studies report that GSD has a negative impact on software quality [25][26][30]. 
Besides these, GSD also contributes to increase the quality of software because the number of 
diverse teams distributed around globe are made part of development process. Hence different 
architects contribute to project with various strategies to achieve high software quality. As 
employees working in different time zones are made part of a team, developers have sufficient 
time to understand the code and conduct further development with it. Hence, quality of the 
software varies according to the project in a GSD environment [30]. 
 

2.1.3 Distributed development in large scale organizations 
 
A typical large scale organization consists of a large number of employees, assets, and revenue. 
It has different management functions such as operations, finance, research and development, 
marketing and human resources. Teams part of large scale organizations work together to 
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achieve their respective objectives. When compared to small and medium scaled organizations 
large scale organizations have a unique way of operation and has the ability to increase 
countries economy. Distributed development is one of the factors that makes large scale 
organizations unique from other scaled organizations because distributed development allows 
reaching a huge number of customers increasing proximity to market around the world. Teams 
working from different locations separated by distances work together to increase knowledge 
sharing and produce goods with reduced costs [31]. Practical examples of distributed 
development in large scale organizations are stated in (section 2.2).       
 

2.1.4 Code reviews 
 
Code review is the manual assessment of computer source code intended to find defects that 
are overlooked in the initial development phase to improve software quality [32]. It is an 
effective quality assurance technique to identify security flaws by increasing the cost 
effectiveness of an application. It also helps to distribute knowledge among teams by 
increasing flexibility and fault-tolerance, therefore knowledge sharing prevents no member in 
team acting as a bottleneck. Thus, code review functions as quality control tool while 
developing a software. There are certainly potential benefits associated with code review 
process which is making an organization to follow [33]. They are early finding bugs, enforce 
coding construct standards, team cohesion, cross training, knowledge sharing and provide 
higher software security [34]. Besides these benefits, factors influencing code review process 
are code coverage, reviewer participation, and expertise. But manually implementing code 
review process is a critical task, so there a growing need for identifying a support tool that 
supports large scale projects. Gerrit, Review bot, GitLab, Review Board are some of the tools 
used by organizations to conduct code review process [11][14].  
 
Formal code review is a traditional heavy weight approach. Whereas lightweight code review 
is an effective review process which requires less overhead, consumes less time when 
compared to formal code reviews. Light weight review process which is also known as modern 
code review can be further divided into following types: pair programming, email pass around, 
over the shoulder, tool assisted code review [34].  
 
Code review practices are generally classified into three main categories, they are pair 
programming, formal code reviews, and informal code reviews. Formal code review process 
is a traditional heavy weight process which involves a detailed and careful process with many 
phases and multiple teams. It mandates to conduct meeting with the reviewer and other 
stakeholders by following checklists [35]. Fagan inspection is an example of formal code 
review process, here a general meeting will be conducted that is limited from three to six 
people. Members participating in the meeting needs to prepare beforehand before attending it. 
Each participant will be given a specific role such as observer, reviewer, moderator, and 
controller. Here, after defects are being discovered they would be recorded in detail by writing 
severity, type and phase injection of defect [34]. These defects are stored in the database to 
analyze defect metrics from various angles. Other metrics such as lines of code inspection rate, 
time spent on pre-meeting reading are also recorded. A typical formal code review process 
passes through five stages such as Planning, introductory meeting, inspection meeting, rework, 
verification meeting, complete [36][37].  
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Many researchers believed that the above-mentioned process takes a long time, requires 
effective training to complete and particularly does not apply in distributed development 
[34][38][32]. Nowadays most of the companies are moving towards a distributed way of 
developing a software. Global collaboration among software teams has increased, so the need 
for following a different kind of code review process gained prominence. Hence other light 
weight code review process such as walkthroughs, peer desk check, tool assisted reviews came 
into existence. All these code review processes are informal in nature. Informal code review 
process doesn’t mandate to conduct meetings but allows to reach all the software teams 
distributed globally. It gives advanced tool support for conducting code review [39]. Tool 
assisted code review is a common practice which is performed with the use of tools such as 
Gerrit, Review Board, GitLab, and many others. Consider the example of Gerrit, that is a web 
based code review tool which mostly supports distributed teams by allowing to review each 
commit before accepting it to the database. Here, changes can be checked easily before making 
it part of code base [40].  
 

2.1.5 Code reviews for improving software quality 
 

Modern code review process is an efficient way to maintain the quality of product. In GSD 
projects, the software product is developed in different parts by maintaining communication 
among team members. Performing various tasks in different locations may affect the quality 
of the product. Hence code reviews serve as a mechanism to increase software quality of 
product by identifying the defects within code before committing them to the repository. A 
code review is written such that it improves quality of code before it is committed to master 
repository. So to reduce reviewing time of code, developers need to write with high quality by 
improving the performance of product [41]. In particular, code reviewers must carefully 
consider the important aspects of the code that affect the quality and suggest necessary 
improvements by discussing with the author. To ensure a base level of code review quality in 
GSD project, a checklist is followed by reviewers. Finally, huge extent of code changes 
exhibits lower reviewer contribution to a product which often negatively impacts software 
quality [42].  

 

2.1.6 Impact of maturity, scale and distribution  

Maturity is the term mostly used in organizations to assess methods and processes based on 
the maturity level to meet the best practices of management. Maturity level helps to improve 
precise recommendations that are made by architects during code review process. Maturity is 
one of the challenges because assigning appropriate reviewers for code review process is 
essential. When considering distributed development in large scale organizations, this 
becomes quite critical as mature and immature reviewers are found. This process could be 
time-consuming and inaccurate when appropriate reviewers are not allocated [25][43]. 
Whereas developer’s maturity in a distributed environment can be indicated by the ability to 
maintain communication with other developers at different locations. Ability to resolve 
complex problems with less number of defects is one of the indicator for high maturity of 
developers in large scale organization. 



 

15 
 

The current state of software development process needs to be assessed before an organization 
develops a plan for software quality. This can be achieved by knowing the maturity level of 
developers.  Various methods are used by an organization to assess maturity which requires 
strategic planning and a mission definition [44]. This aspect is considered as important because 
the quality of the software gets hindered if the project is made responsible for a team of 
immature developers. Poor quality in software is an intolerable and only way to avoid these 
consequences is by incorporating quality mechanisms from entry-level in the organization 
[45].  

In large scale organizations implementing a project involving global teams would increase the 
scale in evolution of defects i.e., occurrence of defects within each task and separation between 
teams. Considering the aspect of distribution, when a product is globally developed, teams 
might lack in trust, misunderstanding, high degree of dependencies between tasks which shows 
that there is no proper distribution of work among team members [46]. If scale and distribution 
aspects are not applied properly when implemented in a broader context, it may lead to 
decrease in quality of software thereby increasing number of defects.  

Considering our case, it is planned to identify the impact of maturity, scale and distribution 
aspects on code review process and its affect on software quality in large scale organizations. 
Hence it is planned to achieve by comparing the quality of software developed by mature and 
immature teams, analyze the evolution of defects in teams over time and identify the real-time 
issues of implementing code review in distributed environment.  

2.2 Related Work 
 

To have a clear understanding about current research, it is necessary to identify and understand 
the existing research in the chosen domain. The main objective for conducting this empirical 
study is to know the impact of maturity, scale and distribution on software quality. Hence, 
gathering research related to software quality in GSE projects, challenges related to code 
review process in distributed environment can help us to know about the previous research 
made to address the chosen research gap. Though perspectives of each researcher may vary, 
the available information would be used by the author in knowing the current state of selected 
domain.  
 
Previous research related to software quality in GSE projects is reported below. Initially, 
description about researches that are related to identifying various challenges in GSD are 
reported. Later, researches that gave information about software quality in GSD projects are 
documented.  
 
Many number of researchers [29][46], had conducted empirical research to understand the 
challenges in GSD and, improve the coordination and communication among software teams. 
But there exists a contrast in results reported by researchers about impact of temporal, 
geographical and cultural distances on software quality. According to research conducted by 
Smite et al. [29], empirical studies related to GSE domain are relatively small and more 
investigation is needful into cross-disciplinary research works. Researcher Noll et al. [47] 
conducted systematic literature review to identify challenges and determine solutions for 
improving collaboration in distributed software projects. Here authors reported that 
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geographical, temporal and cultural dispersion between teams acts as a main barrier to GSD. 
Another research conducted by Darje Emite and Claes Wohlin [48] suggest that dispersion of 
work in high maturity environments can have significant effect on productivity and becomes 
harder to know its impact on software quality. Hence after reviewing the above-mentioned 
literature, it is understood that dispersion between teams is the reason for various challenges 
in GSD and later researches related to software quality in GSD projects are identified. 
 
Due to geographical, temporal and cultural dispersion between teams, each distance has its 
own impact on software quality. Many researchers [49][30][50], reported that dispersion 
between teams has a negative impact on software quality. Research conducted by Cataldo et 
al. [30] shows that increase in temporal and geographical distances between teams can 
decrease software quality by increasing number of defects. To prove this, researcher 
investigated 562 GSD projects and found that teams that are distributed geographically and 
working on a feature has more chance of producing higher number of defects than compared 
to teams working in a same location. Increase temporal distribution would not benefit 
asynchronous communication between teams. Ramasubbu et al. [50] is one of the researchers 
who supports the argument that number of defects increases as distance between locations 
increases. He investigated 362 GSD projects that belongs to 4 different companies and found 
that increase in geographical dispersion can lead to an increase of 1.26 defects delivered per 
Kilo Lines of Code (KLOC). Author also reported that, this dispersion can increase the 
productivity by 1.16 KLOC per person. Oshri et al. [51] reported that fault-proneness increases 
by 15% by increase the number of geographical locations. It was also stated that having a 
mentor to developers from remote site might also increase the chance of defect occurrence 
thereby increasing the software quality. But in contrast to these investigations, Bird et al. [52] 
reported that geographical distance may not influence software quality. In his investigation, 
author observed that, effect of distance on teams in tool small when compared between co-
located and distributed development. Author performed investigation on Microsoft Windows 
Vista, Eclipse, Firefox projects to draw this conclusion. 
 
In addition to above mentioned studies, Espinosa et al. [53] used an experiment setting to 
determine effect of temporal dispersion on software quality. It was found that quality gets 
lowered when there is more temporal distance between teams. Gopal et al. [54] also 
determined that temporal distance negatively affect software quality. Here author stated that 
teams working under similar time zones get benefited by using advanced communication tools 
to resolve defects. But as temporal distance increases, number of defects increases.  In contrast 
to these two researches, Colazo et al. [55] determined the positive effects of dispersion by 
investigating on 100 GSD projects. It was found that temporal distance can increase quality of 
software and it is more effective on complex tasks. It is mentioned that developers get a time 
to think about task and focus on finding an effective solution to solve the problem.  
 
Cultural distance also has an impact on GSD projects and its software quality. Carmel et al. 
[56] identified that cultural distance is existed in two forms such as organizational and national 
culture. Siakas et al. [28] investigated organizational and cultural issues in addressing software 
quality. Here author suggested that software quality varies depending on the culture in which 
organization is located. Author developed a model that can be used in any organization at any 
place. 
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One of the important factors that is dealt in this thesis is code review process. Hence previous 
works related to code review process in different aspects during the development of the 
product are identified and stated as follows:  
 

2.2.1 Code reviews and software quality  
 
The first attempt on code review process is made by Rigby and German [12] on open source 
project. The review was conducted on four projects GCC, Linux, Mozilla and Apache and, an 
in-depth examination is done on Apache server project. This research helped to understand the 
similarities on request for small, complete review and differences in commit policy to dictate 
the level of review. They had also explored code review practices from open source projects 
and generated most interesting pattern “committer as mediator”. In this research, authors had 
generalized the code review process into 3 different types: pre-commit, post-commit and 
secondary review for each open source project and had tested the amount, quality and type of 
testing appeared easy to automate the tests. They had shown the code review patterns and 
analyzed quantitatively the review process of all the projects.   
 
Rigby and Storey [57] had conducted an empirical study to probe mechanisms and behavior 
used by the developer while reviewing changes in the code. The study also focuses on various 
stakeholder involvement during code review process which has been examined across five 
open source software (OSS) projects. This research proved that identification of defects is not 
the main incentive for modern code review but it provides some non-technical issues like 
feature, scope and process issues. The study contributes on how effectively experts (developers 
and stakeholders) decide to review and interact in the discussion for each OSS project. Later 
Baysal et al. [58] had shown positivity towards code review process by enhancing review 
comments with the influence of non-technical factors. The author had clearly shown up about 
the factors affecting the outcome is code review process. Nagappan et al. [59] had corroborated 
the results of [58], to demonstrate organizational metrics and provide better predictors for 
defect prone than traditional measures.  
 
Another researcher Jiang et al. [60], done his research in Linux kernel to find out opaque nature 
of developers with the characteristics of comments during reviewing or integration time. After 
reviewing Git repositories and emails, it was found that reviewing and integration are two 
independent processes based on developer’s experience. Reviewing time for each comment, 
the involvement of experienced reviewers and developers in code review process are analyzed 
from different patches and cross links. 
 
Among different code review process, modern code review has undoubtedly turned out to be 
most effective and less time-consuming process from the perspective of developers and 
architects to improve software quality in a distributed environment [61]. Investigations done 
by (Cohen, Jason. Teleki, Steven. Brown and Eric) prove that modern review process 
consumes 1/5

 
of the time and functions faster for identifying bugs when compared to formal 

code review process [34]. To review huge data set, nowadays tool based code review is being 
used to improve code quality and extract data easily.  
 
There are many reviewed sources that are related to code review process which ensures its role 
in improving software quality. Most of the empirical studies had shown the impact of design 
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and code review on software quality. Researcher Kemerer et al. [10], had presented that code 
reviews and inspections can improve performance when sufficient time is given to 
practitioners while evaluating developed code. Another researcher Barysau et al. [61], had 
reported code review process using data metrics which provided good insights for detecting a 
number of performance issues by improving the quality of code.  
 
A case study was conducted by Kononenka et al. [33] on Mozilla core developers to define 
review quality by evaluating code and faced challenges. To assure software quality, code 
review process is an important part as suggested by Rahman and Devanbu [62]. Whereas 
Mende and Koschke had proposed bug prediction models to assure software quality in code 
review process [63]. 
   
McIntosh had empirically shown that code review process significantly impacts software 
quality by confirming that peer code review negatively affects software quality [41]. Beller et 
al. [32] have conducted research to find out functional problems related to maintainability on 
modern code review process in open source software.     
 

2.2.2 Code review process and software quality in large-scale 
organizations 
 

Code review process in large scale organizations is implemented in different scenarios in 
various organizations to ensure the quality of software. Considering code review process in 
various aspects would provide a detailed overview of different scenarios as follows:    

According to  Britto et al. [64], code review gets more challenging in large scale distributed 
projects. In this paper, the investigation is conducted on how software architects ensure 
architecture evolvability and knowledge transfer in large scale distributed projects. In the 
investigated case, they used code reviews as one of the main activity to ensure code quality, 
follow the design rules, promote the use of design patterns and provide feedback for further 
improvements [65]. The interviewed software architects reported that it is harder to conduct 
code reviews with people from other countries than conducting it with people present in the 
same location (Ericsson-Sweden). It is mentioned that challenges are seen because architects 
at one location can communicate easily if other developer is next to him, but as the person is 
located at a different location communication is done through e-mail and code review tool 
which is inappropriate to resolve issues in the investigated case [64]. From this case study, 
most of the challenges associated with communication and coordination are faced by software 
architects when carrying out code reviews with geographical and temporal distances [64]. 
Thus, the author reported that availability of developers and code reviewers with common 
time, provide better interaction between teams and having corporate cultures are the challenges 
that occur during product development and code review which is implemented at different 
locations.  

A study by Bird et al. [66] at Microsoft to identify factors that lead to useful code reviews and 
benefits projects. They analyzed 1.5 million review comments that include 5 Microsoft 
projects to uncover factors that affect the review.  They found that “lower the proportion of 
comments in the code review that will be of value to the author of the change”. The result of 
the study provides recommendations to architects for improving code review process and 
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quantitatively proved that code reviews are done to find defects rather than share knowledge 
among team members [35][40]. 
 
Sekáč and Grišins [67] had manually analyzed the data from a set of code review comments 
and collected information related to functional and non-functional defects statistically. They 
had used SPAT tool to analyze the data from Gerrit server (code review platform) that is used 
in the organization. A quantitative analysis of a number of defects exposed, statistically 
classifying the type of defects and architects who had participated in code review process is 
presented in this analysis. In addition, they also conducted automated data extraction and 
collection statistically on information such as the number of revisions, the number of commits 
reviewed by each person and connected to a specific feature.  
 
As an extension to [67], Barysau et al. [61] has done analysis on measuring and improving 
developer’s performance based on code review data. In this research, comparison of metrics 
to assess developer’s performance from different sites over time is made to clearly understand 
code review process. Authors notably looked on how reviewers evolved and time spent to 
review code by using Gerrit data from Ericsson. Metrics used for the analyzing developer’s 
performance are vulnerability-related comments count, LOC, inspection time or review time, 
inspection rate, integration time, defect count, defect rate, defect density, the number of 
comment conversations, the number of positive and negative review labels and abandoned 
changes count. These results helped the organization in performance analysis, as it contains 
performance quality indicators [61]. 

2.3  Research gap 
 
Much research has been conducted over the years on various aspects related code reviews and 
software quality individually. Studies that deals with various kinds of practices that ensure 
software quality and challenges while implementing them in large scale organizations are 
discussed [61][64][66]. Though a lot of investigations have been conducted related to topics 
such as (communication and coordination issues related to software quality in GSE and code 
review process in distributed environment), other topics such as the impact of maturity, time 
scale on code review process and its impact on software quality are poorly discussed.  

Considering the case of studies that dealt with maturity, Britto et al. [64] tried to provide a 
description about maturity levels of team members leaving the topic of the impact of maturity 
on code review process. Whereas Barysau et al. [61] looked on evolvability of reviews as time 
proceeds which hinder the comparison of the difference in the quality of software developed 
by mature and immature teams and impact of three distances on code review process in the 
large-scale organization.  

To the best of our knowledge, to date, no deep investigation has been conducted about the 
impact of maturity aspect and issues related to three distances on code review process. 
Furthermore, failure in some of GSE projects in large scale organizations indicates that there 
is a need to investigate the impact of maturity, scale and distribution aspects on code review 
process in distributed projects. 

Hence, to have a better picture about maturity and three distances impact on code review 
process in GSE context, research gaps that addressed in this thesis are stated as follows: 
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• Lack of case study on the impact of maturity on software quality in large-scale 
organizations in distributed environment. 

• Absence of case study on challenges imposed by the scale regarding code review 
process and its effect on software quality in large-scale projects. 

• Absence of clear description about the impact of geographical, temporal and cultural 
distances on communication and coordination between distributed teams in a 
practical-context of implementing code review process. 
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3 RESEARCH METHODOLOGY 
 
Different kind of research methods exists for revealing valuable facts that contribute to 
software engineering stream. Based on the feasibility to answer the research questions, 
research method is chosen to provide appropriate results. As the purpose of research design is 
to find out answers to research questions, it is done in a step-by-step manner which is 
mentioned in this section. Those steps include selecting a research method, applying the 
selected method for data collection method which helps in gathering required data and data 
analysis method used to analyze gathered data [68]. A clear view on research design is 
provided in Figure 2. 
 

 
 

Figure 2: Research design 
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3.1 Research method selection motivation  
 
Various kinds of empirical methods exist to conduct a research and retrieve valuable insights. 
Each empirical method has its own known flaws and can provide limited qualitative evidence 
about the domain being studied [69]. Selection of method needs to be done such that it best 
answers the research question and further reach aims, objectives of the research. There are four 
different kinds of methods that are more relevant to software engineering stream as follows: 
[70][69]. 
 

• Controlled Experiment - It is an explanatory type of study where the primary focus 
is levied on quantitative data with fixed design. Here, one or more independent 
variables are modified to observe and calculate their effect on dependent variables. 
This kind of empirical method helps to determine the cause and effect relationship 
between dependent and independent variables [69][71]. But this research aimed at 
evaluating the impact of maturity and scale on the quality of software developed by 
mature and immature teams in an uncontrolled setting which violates rules of 
experimentation. Therefore, this option has been avoided.   

 
• Survey - It is the systematic approach used to gather and analyze information from a 

specific sample of the population [69]. This method helps to know the current state of 
phenomenon and view point of different practitioners. This is a descriptive study, 
which is closely associated with the use of a questionnaire for data collection [72]. 
The current research involves exploring an in-depth detail of significant difference in 
defect occurrence between mature and immature teams. In addition, investigate issues 
faced by distributed team members due to geographical, temporal and cultural 
distances. As the aim of this project needs an in-depth analysis, survey is inappropriate 
for this research. 

 
• Systematic Literature Review (SLR) - SLR is a systematic approach that allows a 

researcher to evaluate and interpret the existing relevant research to the topic. It is the 
most suitable method when the scope of the project is narrow and there is a need to 
evaluate the strength of existing literature [73].  But the current study doesn’t require 
an in-depth analysis of existing literature as it is relevant to case company. The intent 
of this thesis is to collect and analyze numerical data using statistical methods and 
summarize the results which are not possible by choosing SLR as a research method. 
Hence, the option of choosing SLR is avoided in this research.  

 
• Case Study - Case study is an “exploratory empirical inquiry that investigates a 

contemporary phenomenon in real-life context, especially when boundaries between 
phenomenon and context are not clearly evident” [69][70][74]. The above definition 
best suits this type of research because boundaries in current research are not clear and 
require deep investigation on the chosen phenomenon. The motivation to choose case 
study as a research method is, these are conducted by considering a real project and 
aim to find issues with flexibility in research. This research deals with analyzing a 
data set that is related to a project in a large-scale organization and compares the 
number of defects between mature and immature teams.  Hence considering the above 
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reasons and summarizing the explorative objectives of the research, case study seemed 
apt to retrieve valuable results.   

 

3.2 Literature Review  
 

According to [75], a simple literature review document, draw and analyze conclusions about 
chosen domain. Authors of [75] stated that reviewing the past literature and knowing about 
the current status of the research in the selected domain is a necessary step for academic 
research. An extensive literature review gathers a wide range of evidence which helps to 
synthesize and analyze data and provide a strong support to the research with available 
resources [75]. This method helped to find out state-of-art of the chosen domain. Particularly, 
a literature review in this research is used to find out literature that deals with code review 
process and software quality in large-scale organizations in a distributed environment, 
coordination and, communication challenges faced by teams due to geographical, temporal 
and cultural distances. According to Rempher et al. [75], the process of literature review 
involves steps such as identifying the suitable resources, search for the literature that is relevant 
to research from selected resources, capture and synthesize the needful information.  
 

3.2.1 Identifying suitable resources  
 
The main sources of conducting this process are research papers and digital books available in 
online databases. Research papers that are available online which provide free access to read 
are considered in this research. This process of finding literature can be termed as database 
approach which is a traditional kind of approach. Any inconsistencies perceived in following 
this approach can increase the chance of retrieving irrelevant papers. Here researcher plays a 
vital role while formulating search string that is suitable to research domain. Considering the 
flexibility of retrieving papers when compared to other approaches such as snowballing, 
tertiary reviews and systematic mapping studies, database approach is chosen.   
  
Databases that are used in this research for gathering relevant literature are Google Scholar, 
Engineering Village, IEEE Xplore, BTH Summon. Though there is large availability for using 
various online databases, considering the nature of literature needed in the research, the above-
mentioned databases are chosen. 
 

3.2.2 Search literature using database approach 
 
The key step performed to retrieve relevant results from the database is formulating a search 
string suitable for this research. Search strings are formulated such that efficient literature is 
obtained from selected databases. Keywords used in this research are: “Code review process 
AND Maturity, Code review AND Software Quality, Code review AND distribution, 
communication and coordination issues AND geographical distances, temporal distances, 
cultural distances and Challenges of GSE”. These search strings are used in different databases 
mentioned above to identify literature suitable to research domain. The next step after filtering 
the needful literature is, further refining the keywords and look for more suitable literature. 
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From the obtained results, the following is the inclusion and exclusion criteria followed to 
make a literature part of this research. 
 
Criteria followed to include papers in this research: 

• Papers with full-text availability. 
• Articles published in English. 
• Articles that deal with code review process and software quality in large-scale 

distributed organizations.  
• Articles that states about challenges and issues in GSE. 
• Articles that describe maturity, scale and distribution between teams in a 

distributed environment are included. 
 
Criteria followed to exclude papers in this research: 

• If a paper just mentions about the generic information on code review process 
which is not related to scope of this research are excluded.  

• Articles that are not published in English, information from tutorials and 
presentations are excluded. 

3.2.2.1 Use of snowballing technique 
 
Snowballing is one of the systematic technique, to look where papers are actually referenced 
and cited in the process of a literature review [76]. This technique can also be used as a part 
of gathering effective literature. According to Wohlin et al. [76], snowballing can be stated as, 
“using the reference list of a paper or the citations to the paper to identify additional papers.” 
Following this approach can decrease the chance of missing relevant papers.  
 
According to Wohlin et al. [76], in this research identifying an initial set of papers in Google 
scholar, engineering village and IEEE databases is the first step. Forward and backward 
snowballing technique is used to gather additional literature from an identified initial set of 
papers.    
 
A literature review is done to have an overview of background work related to the study. 
Hence, a literature review is made part of this research.  
 

3.2.3 Capturing the needful information 
 
The selected literature was thoroughly read to find information relevant to research. This data 
is used to analyze needful information stated in introduction, back ground and related work 
sections. 

3.3 Case study process 
 
In this thesis, we followed the guidelines provided by Per Runeson and Martin Höst for 
conducting a case study which involves five major steps as follows [68]:  
 

1. Case study design and planning  
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2. Preparation for data collection 
3. Collecting evidence 
4. Analysis of collected data and,  
5. Reporting 

 
In this process, design strategy is flexible and iterative over the steps. Whereas data collection 
and analysis are conducted incrementally. One of the constraints of conducting case study is 
setting objectives in beginning stages, if there are any changes then new case study design 
should be considered rather than changing each of above mentioned five steps [70].  
 

3.3.1 Case study design and planning 

3.3.1.1 Case and unit of analysis 
 
The case under study and scope were determined to know about code review process that is 
conducted in Ericsson regarding the development of large scale projects. This project 
comprises of architects with variance in maturity working in a distributed environment. Here 
major contributions are provided by architects who are part of reviewing and developing the 
code. The case was selected through convenience sampling, as the company is interested to 
know the reasons behind differences in quality of software developed by different teams and 
issues related to code review process in a distributed environment. Convenience sampling is 
adopted because primarily available data is used without any additional requirements [77].  
 
After identifying the case and context of research, it is necessary to determine the unit of 
analysis. Unit of analysis may relate to a group or individual project within a case. Unit of 
analysis varies according to the type of case study which is categorized into holistic and 
embedded case study based on their design and planning [70]. Considering our case, there is 
a single unit of analysis that is about a large-scale product developed in Ericsson, which makes 
this case study a holistic type. Later, empirical background related to case company, preparing 
data collection and analysis methods are reported below in this document. 

3.3.1.2 Description of code review process at case company 
 
Ericsson is a large-scale organization which provides technology and services to telecom 
operators in various customized versions. It is also involved in supplying communication 
services to serve more than 185 million subscribers by managing network connections. This 
organization is distributed globally around different parts of the world such as Sweden, Italy, 
India, and the USA.  
 
To reach aims and objectives of this case, we have selected a large-scale software product 
developed by numerous globally distributed teams in Ericsson. The product enables a service 
provider to effectively and efficiently manage multimedia services. Our investigation is based 
on code review comments related to the product which is maintained by USA, Sweden, India, 
and Italy. 
 
Generally, code reviews are done to check the functionality of code and if any error occurs 
then each component blog is tested and run to find out strange output. It differs from 
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organizations based on their review patterns or planning scheme. Based on literature review 
and discussions made with architects in Ericsson, it is concluded that most of the work 
overload during code review appears when it is switched to multiple sites. Architects develop 
prior knowledge on the code being reviewed. On the other hand, transfer of code review has 
not only unified code quality but also has a vast improvement in knowledge sharing and 
experience among distributed software development model. The code review process with 
distributed teams in Ericsson around the globe is harder to communicate but regular telephonic 
and skype meetings are used to get in contact with other teams. During these meetings, 
software teams discuss the issues faced during development and code being reviewed. 
Telephonic meetings sometimes provide a better quality of improvement but remote sessions 
such as screen sharing help in testing and analyzing data which is a powerful way to share 
knowledge.  
 
The work done in the case during code review process at Ericsson using a different type of 
commits such as test commit and code commit to check whether commits arise from test 
perspective or code perspective. These commits can be checked by the developer to make 
necessary changes. If the discussions are from test perspective than test commits are used so 
that developer and code reviewer can be in contact to review changes. Code commits are used 
when functional changes arise. This process is followed to avoid delays in the quality of code 
produced by lower expertise in development sites who spend more time for review. The 
process followed to enhance the product quality mechanism in Ericsson is presented in Figure 
3. This figure presents the post release evaluation, based on a number of defects which are 
exposed during testing and deployment phase. 
 

 
Figure 3: Product quality mechanism in Ericsson [61] 

 
In our investigation, the focus was levied on knowing the impact of maturity and scale on code 
review process considering factors such as the difference in the quality of software and 
evolution of quality as time proceeds respectively. This is because, when collaborating with 
other sites, architects with different maturity levels are seen. Hence, maturity is considered as 
an important factor to be evaluated in this research. To achieve this, teams that were considered 
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in this project located around the world from different locations. The roles present in the 
organization that is identified related to this thesis are 4 groups states as follows: 
 

• Developers – Developers are responsible for developing the code and making necessary 
changes suggested by architects.  

• Design leads - These are experienced architects responsible for maintaining the quality 
of code and reviewing the defects to ensure quality.  

• Code reviewers - Here highly experienced practitioners are present who are responsible 
for designing the architecture of the project and reviewing the major part of code like 
functionality, maintainability, portability, reliability, security and compatibility 
issues. 

• Supporting roles - Release managers, project managers, line managers fall under the 
category of supporting roles who are involved in development activities.  

3.3.1.3 Case study protocol 

 
A case study protocol is a continuously updated version for making design decisions as well 
as field procedures. The reason behind following this protocol is, it serves as a guide during 
data collection process to atone missing data. In addition, designing the protocol beforehand 
helped us to decide about data sources and questions to be asked in the interview. Practitioners 
relevant to research provide feedback on decisions made in the planning phase. Finally, it acts 
as a log, based on decisions done in data collection and analysis. The latest version of case 
study protocol is designed as per guidelines given by Runeson et al. [70] which is provided in 
Appendix A.  
 
Case study plan - According to Runeson et al. [68], even though case study is flexible, 
adequate planning is essential for the success of a project to conduct it without any issues. This 
plan contains following elements such as objective, case, research questions, theory (in chapter 
I), research method and selection strategy (in chapter 3) are discussed clearly. 

 

3.3.2 Preparation of sources for data collection 
 
Data collection can be made through several sources to conduct a case study. Interpreting 
several data sources avoids bias in results than compared to reviewing a single data source. 
Results drawn from different sources will be triangulated finally to attain a clear conclusion. 
This section provides an overview of methods used in this research for data collection are as 
follows: 

3.3.2.1 Archival data 
 

Archival data can be stated as information that is already existing and used to report or conduct 
research. It can be called as fixed data because data in it is a result of a completed activity and 
cannot be subjected to change. It may exist in the form of paper files, media, text, audio or 
video file. According to Runeson et al. [68], archival data is a third-degree type of data 
collection method that deals with previously collected measurements, documents from various 
development phases and organizational charts of a company [70].  Singleton and Straits [78] 
had stated certain advantages of using archival data such as researcher has more control on 
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existing data which is used to conduct case study, ease of data collection, reduce in time spent 
on collection, effect of work over time can be monitored and finally need for correcting the 
problems can be eliminated. But this kind of data collection method should be used when there 
is the availability of relevant data and researcher believes that information is usable to his/her 
research.  

 
According to Lethbridge et al. [79], there exist different kinds of third-degree data collection 
techniques such as analysis of electronic databases of work performed, analysis of tool logs, 
documentation analysis, static and dynamic analysis of the system. The motivation for 
choosing archival data, a third-degree technique as data collection method for this research is, 
generally, this technique allows to know information about the way software engineers work 
by analyzing their outputs and their by-products [79]. Our case study is much related to analyze 
or uncover the information about challenges faced by architects in distributed environment 
and impact of maturity aspect on them during code review process. Considering this reason 
archival data is chosen as data collection method.  Steps following to implement this data 
collection method in our research are clearly stated in section 3.3.3.1.2. 
 
Choosing archival data as data collection method may lead to a situation where some 
information goes missing. In such cases, archival data must be combined with other data 
collection methods [70]. This could be achieved by conducting surveys or interviews. But 
considering our case, information in the data set is the result of a real-time project conducted 
in Ericsson involving different code reviewers and developers. So, interviewing practitioners 
who are part of this project can help in gathering the information that is much relevant to 
research thereby increasing the quality of research. 

3.3.2.2 Interviews 
 
Interview is a data collection method used to gather qualitative data by having a verbal 
discussion between individuals where the interviewer is responsible to extract needful 
information from the interviewee. These interviews can be structured, semi-structured and 
unstructured type. Structured interviews consist of questions that are planned and asked in 
same order whereas unstructured interviews consist of open ended questions beginning with 
words such as ‘why’, ‘where’ or ‘how’. In a semi-structured interview, questions are planned 
but not asked in same order. As the conversation between interviewee and interviewer 
increases, questions are improvised based on the situation. Interviewee responds to questions 
by presenting his experiences, beliefs, and thoughts whereas interviewer is ultimately 
responsible for gathering suitable information related to research [68]. Other data collection 
technique, surveying is not used in this research because results would be more generalized 
and tend to have large sample data which doesn’t support our research. But interviews help to 
retrieve data according to the research requirements and help to produce better qualitative 
results [80]. 
 
Semi-structured interview pertaining to this research is clearly explained in section 3.3.3.2. 

3.3.2.3 Information regarding archived data 
 
This section provides information in the archived document pertaining to case company. In 
this thesis document, archived data is termed as data set, which consists of code reviews from 
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diverse sites such as USA, Italy, Sweden, and India. The centralized data sample of code 
reviews is from multiple sites which are gathered to analyze data for improving the quality of 
the product. These code reviews provide data on the current project between March 2014 and 
June 2016. Data set also includes information about virtual teams who are part of this code 
review process. Moreover, a clear information about architects who are part of this virtual 
teams is missing. As one of the objectives of this thesis is to know the impact of maturity 
aspect, it cannot be applied to virtual teams. So, data related to virtual teams are not considered 
in this research.  
 
Development teams located in various locations were divided into mature and immature. For 
this research, teams working in USA, Italy, and Sweden are considered as mature whereas 
teams located in India are immature. The above mentioned three sites are considered as mature 
because these teams have more knowledge about the project as they maintained from initial 
stages and had collaborated working with the immature team by distributing the work since 
August 2015. Hence, such kind of segregation among teams seemed ideal for answering our 
research questions.  
 
The current project has been initially started, created and developed by mature teams (mainly 
Ericsson-Karlskrona, Sweden). In the data set vast amount of data which contains information 
about comments such as code files, time needed to perform the review, timestamp for each 
commented review, the role of developer or architect with their unique ID are generated. After 
having clear insights on the dataset, it was identified that there are some concerns related to 
product development and require some research to evaluate the impact on quality of the 
product. So, in this research code reviews pertaining to mature and immature teams were 
segregated to have a clear overview on the collected dataset. Hence the focus is to provide 
solutions by classifying each code review comment into a defect type such as functionality, 
maintainability, security, performance efficiency, reliability, portability, and compatibility. 
Sorting all the comments based on the defect type will produce results, to evaluate which part 
of the product has issues where classification schema is clearly explained below.   

3.3.2.4 Extraction of archival data  
 
Data set is provided to researchers of this thesis by extracting data from Gerrit database by 
exporting it into different spreadsheets. Spread sheet-1 consists of 39887 code review 
comments during development of product initially. Table 1 illustrates the details in spread 
sheet-1 from the data set and structure of it is shown below. 
 

Table 1: Fictional information within data set 
 
The following is the description of each attribute in table 1: 
 

Change 
ID 

Gerrit 
link 

Conversation 
ID 

Timestamp 
Line 

number 
Comment ID Comment Author 

Unique 
ID 

Role of 
employer 

12416 20150 3462346365 
2/5/2016   

6:04:44 AM 
60 ba068154_c6465b21 

Comment 
in the code 

aakhdf PC:1 Developer 

164186 201340 3462346362 
4/5/2016   

6:04:44 AM 120 ab068152_d6363b21 

Reply to 
above 

comment in 
the code 

hsdgsd PC:2 Architect 
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• Change ID - Every single instance of code review is called a change and each change 
has been recorded with change ID. This ID is assigned when a change is made within 
code by any of architects. 

• Gerrit link – It is a hyperlink which allows architects to navigate through the code 
stored in Gerrit. 

• Conversation ID – This ID is assigned when the conversation is built between 
architects located in different locations. 

• Timestamp – Time and Date is stored when a comment is made. 
• Line number – This states the line number in the code where the change is done or 

needs to be done. 
• Comment ID – For each comment particular ID is generated. 
• Comment – This depicts changes in the code suggested by architects. 
• Author – It is unique acronym given by organization for each employee. 
• Unique ID - 26 teams part of distributed project is provided with 26 unique ID’s to 

distinguish work among teams from the given data set.   
• The role of employer – Role of each employee is provided. 

 
Table 2 illustrates information regarding each team in spread sheet-2. In this research, unique 
id, task id, location, complexity of each task, start date, and end date are the attributes 
considered. For adding information to Table 1 such as location, Table 1 and Table 2 data are 
grouped based on the unique ID.  
 

Table 2: Fictional information within data set 
 
The following is the description of attributes used in this research from Table 2: 
 

• Unique ID - 26 teams part of the distributed project is provided with 26 unique ID’s 
to distinguish work among teams from the given data set.   

• Task ID –  Particular ID provided to each task in the project within a team. 
• Location –  Location of architects from where they are working. 
• Start and end date – Information about the start and end date of each task are 

provided here. 
• Complexity point – Determines the complexity of each task. 

 
After observing information from Table 2, for this distributed project it is considered that 16 
teams are immature teams and 8 are to be mature based on the locations. Remaining 2 teams 
worked from virtual locations which are not considered in this thesis.  
 

Unique 
ID 

Task 
ID 

location 
Total 

Developers 
Complexity 

Points 
Start 
date 

End 
date 

Technical 
Debt 

Task 
Scaling 

PC:1 Task 1 India 45 60 11/08/14 06/02/15 796 0.216666667 
PC:2 Task 2 USA 54 170 19/01/15 05/06/15 2474 0.147058824 

… … … … … … … … … 

… … … … … … … … … 
… … … … … … … … … 

PC:26 Task 26 Italy 44 20 04/05/15 10/07/15 52 0.3 
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Spread sheet-3 encompasses of details about defect classification schema and schema followed 
by grouping each comment. Type of comment is determined by reading the classification 
schema mentioned in the data set that is stated below: 
 

• Defect Exposure - When a change in code (or defect) is exposed or suggested during 
implementation, design or other is noted as defect exposure.  

• Discussion - When architects make a discussion on expressing their views on a defect, 
it is classified as discussion type of comment.  

• Confirmation or Rejection - If the suggested or stated defect is true positive, then it 
is confirmation otherwise it falls into rejection group.  

• Other - When a comment does not fall into any other groups then it is taken as other.  
 
Code review comments in the archived document are classified using ISO/IEC 25010:2011 
standard [81]. This standard provides a framework to evaluate software product quality by 
enumerating into characteristics to have a clear view on comments as follows.  
 
Functionality- It is defined as the degree to which software product provides non-
conformance to functional and implied needs under specific circumstances.  
 
Maintainability- Defined as the degree of effectiveness or efficiency of a product/system 
intended for violations of any standards that affect software ability to evolve. 
 
Performance efficiency- It is defined as performance relative to the amount of productivity 
which affects during execution. 
 
Compatibility- Degree to which product or system can exchange data with other component, 
unit, module or system to perform its functions without integrity violations.  
 
Portability- Ability of system or product to be compatible when transferred to different 
environments, e.g., operating system. 
 
Reliability- It can be defined the ability of a system or product to perform certain functions 
under specific conditions for a specified period. 
 
Security- Degree of data accessed by conforming that there is no risk to information and data 
safety for a product or system. 
 
The code reviews presented in the data set are categorized based on these characteristics 
accordingly and later sorted to have additional insights for this research. To maintain a clear 
view on defect categorization initially, comments in the data set are divided into various sub 
categories as mentioned in table 3.   
 

Group Subgroup Name Description 
Documentation  Textual Naming Inappropriate name of class, function, variable 

or other 
Comments Inappropriate comments 



 

32 
 

Table 3: Categorization of comments into Sub-categories 
 

3.3.3 Collecting evidence for archival research 
 
In our investigation, the main focus is levied on knowing the impact of maturity aspect on 
code review process to improve software quality. Hence to achieve this we planned to use 
information available in data set (from section 3.3.2.4) while categorizing the code review 
comments. We chose code review comments mainly because it was the only available 
information for which we were able to know a number of defects within mature and immature 
teams in a reliable way. Furthermore, challenges associated with distances were also equally 

Grammar Issues with used grammar, e.g. misspelled 
words, missing words, etc. 

Other Other issues with textual documentation of 
source code 

Programming Language Inappropriate or missing usage of language 
provided documentation features, e.g. 
immutable, visibility, etc. 

Structure Solution  Semantic 
duplication 

Various implementations of semantically 
equivalent code 

Semantic dead 
code 

Code without any meaningful addition to 
execution, e.g. no need to execute function or 
perform extra checks 

Change 
function used 

Inappropriate function or class used to achieve 
goal 

Use standard 
method 

Own implementation of already provided 
functionality 

Extract 
functionality 

An implementation needs to be extracted as 
separate constant, function, class or other. 

Other Other problems with chosen implementation 
approach 

Organization Move 
implementation 

Source code needs to be moved to different 
location, e.g. line, method, class, module or 
other 

Long 
subroutine 

Too long execution stack e.g. chained function 
calls 

Dead code Code is never executed 

Complex code Too complex implementation 

Statement 
issues 

Inappropriate statement organization 

Consistency Inconsistent statement organization 

Other Other problems with code organization 

Visual Representation Readability of source code for human eye, e.g. 
incorrect indents or blank line usage 
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important tasks for teams which are answered by segregating unorthodox comments from data 
set and triangulating them using interview.   

3.3.3.1 Archival research 

3.3.3.1.1 Analyzed variables 
 
To answer our research questions, variables mainly used are number of defects, complexity 
points and normalized number of defects.  
 

• Number of defects - It can be stated as a count of defects with in each defect type 
after categorizing comments into various defect types.  

• Complexity point – It is a numerical value provided in the dataset which determines 
the level complexity of each task.  

• Normalized number of defects – These are the values obtained by using the formula: 
number of defects/complexity.  

 
Defect count is normalized to maintain generalization in results while determining the 
significant difference between teams and evolution of defects within immature teams. Here 
dependent variables are considered to be number of defects and normalized number of defects 
whereas independent variable is complexity point. The reason for choosing only complexity 
point is, as number of defects may increase or decrease with in each task, these differences 
should not show much affect on overall results.  

3.3.3.1.2 Procedure to perform research 
 
Initially, comments in spread sheet-1 are grouped with unique ID’s in spread sheet-2 to 
eliminate code review comments that are not part of this research. This is done by adding a 
filter on unique ID attribute in spread sheet-1. Irrelevant code review comments are eliminated 
thereby avoiding generalization of results and preserving the information. Because of this 
segregation, 20472 comments were found relevant to this research. 
 
To analyze these huge number of comments, peer reviewing technique is used. As this research 
is being conducted by two researchers, this technique is chosen to have accuracy during data 
analysis. This process avoids bias in results as researchers can discuss clearly about each code 
review comment and decide about categorization. Hence following peer reviewing technique 
in this research, the process of reviewing each code review has been initiated by noting down 
the type of comment, type of sub-defect and type of defect. This process is repeated for each 
code review comment until whole data set is reviewed.  
 
The following process is used to implement this archival research.  
 

• Initially, a data set related to large-scale project held in Ericsson-Karlskrona consists 
of code review comments given by different architects is collected. 

 
• To maintain a clear view on categorization, additional attributes are added to spread 

sheet-1 such as location, type of comment, type of sub-defects and defects.  
 



 

34 
 

• Each comment is grouped according to the type of comment classification schema 
such as defect exposure, discussion, confirmation, rejection, and other groups. Later, 
based on time stamp, type of comment and comment id, they are categorized and 
sorted into sub-defect by merging cells in the spreadsheet-1.  

 
• After categorizing the type of comments and sub-defects, defect type that is 

appropriate to comment or change in code is selected as per ISO/IEC 25010:2011 
standards. 

 
• Thereafter, comments are sorted into a separate spreadsheet based on the defect type. 

Based on unique ID of each comment, the data is filtered to identify a number of 
defects present per each unique ID. 

 
• These sorted defects are normalized using complexity point as discussed according to 

Table 2. Normalized values are calculated to maintain uniformity in research.  
 

• The normalized values are aligned for immature and mature teams accordingly to 
evaluate the significant difference for each type of defect.  
 

• Box-plots are drawn using R-tool [82] to have exact and accurate plotting. Same 
procedure is repeated for every type of defect to have a clear picture during answering 
RQ1. 
 

• Later, line graphs are used to graphically represent the evolvability of defects with in 
immature teams from initial to end stages of the product. 
 

• During this classification process, some of the unorthodox comments given by 
architects are separated into another spread sheet to know the reason behind such 
comments and impact of such comments on code review process, thereby answering 
RQ 3. 

 
The main part of this peer review process is categorizing the comments into different defect 
types. To maintain quality in research, it is ensured that ISO/IEC 25010:2011 standards are 
followed to classify the defect types. Though the description of each defect type is mentioned 
in the data set, a literature review for these standards is done to evaluate whether the 
description provided matches these standards.  
 
After following the above-mentioned process, spread sheet-1 looks like Table 4: 
 

 Comment 1 Comment 2 … Comment 
20472 

Change ID 12416 164186 … 436624 

Gerrit link 20150 201340 … 457547 

Conversation 
ID 

3462346365 3462346362 … 34547654 
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Timestamp 02/05/16 6:04 04/05/16 6:04 … 10/08/16 10:04 

Line number 60 120 … 453 

Comment ID ba068154_c6465b21 ab068152_d6363b21 … fdfd74357vhds 

Comment Comment in the code Reply to above 
comment in the code 

… Comment in the 
code 

Author aakhdf hsdgsd … fashjdf 

Unique ID PC:1 PC:2 … PC:13 

Role of 
employer 

Developer Architect … Developer 

Location India Sweden … USA 

Type of 
comment 

Defect exposure confirmation … defect exposure 

Type of sub-
defect 

grammar 
  

… Complex code 

Type of defect functional 
  

… maintainability 

Table 4: Fictional information within data set 

3.3.3.2 Interview  

3.3.3.2.1 Selection of interview subjects 
 
Interview subjects were selected with the assistance of supervisor. As the unit of analysis for 
this research is code review process in large-scale organizations, it was decided to meet 
employees part of this large-scale organization and has experience of being part of code review 
process. The primary concern while selecting interview subjects is that they provide reliable 
and valid data, so employees who have suitable knowledge about research topic are selected. 
Therefore, it was decided to select participants who worked in a position relevant to code 
review process. Two software architects, part of this product development team who were 
involved in code reviews process of the selected dataset are made part of this semi-structured 
group interview to enhance the quality of this research. Background information of 
interviewees is provided Table 5.  

 
Table 5: Background information of interviewees 

 
As these practitioners have experience of working with the product relative to selected data 
set, valuable information can be retrieved about the reasons for variance in defect occurrence, 
any real-time issues faced while maintaining communication and coordination with other 
teams thereby answering our research questions.  
 
 

Interviewee Years of experience  Role 
Interviewee 1 20 years Designer and Developer  
Interviewee 2 8 years Code reviewer and Developer 
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3.3.3.2.2 Interview design 
 
Generally, interviews are conducted face-to-face or using online tools. They can be conducted 
individually or with a group of people. In this research, face-to-face group interview is 
conducted by involving 2 practitioners at a time. Interviews are conducted in semi-structured 
format involving open ended questions. These are explained below: 
 

• Semi-structured interview – Generally, these interviews are conducted to gather 
qualitative data which combines with a pre-determined open ended questionnaire by 
allowing to explore responses from interviewees as discussion proceeds [83][80]. The 
main focus of this interview in this research is to triangulate the quantitative results 
and gather qualitative information about challenges related to code review process. 
This helps to gain an in-depth knowledge about architect’s personal experience while 
reviewing the code. Hence conducting semi-structured interview allowed us to extend 
the discussion based on the answers provided by architects. Considering this 
flexibility, semi-structured interviews are made part of this research. Semi structured 
group interview is used to validate our results to gain accuracy and obtain additional 
insights about code review process and its affects on software quality in case company.  
As interview is done only to enquire about our  results, conducting many interviews 
seemed unnecessary. Hence a single group interview is conducted with practitioners 
to check results that are made part of the code review process.   
 

• Open ended questions – In general, open ended questions are asked during 
exploratory research which allows interviewees to express their own opinion. As we 
are expecting a detailed overview about the reasons for variance of defects between 
mature and immature developers and evolution of defects within immature teams, it 
is necessary to provide required space to the interviewee for answering the questions. 
Hence open ended questions are made part of this interview. 

 
The interview was conducted on 15 May 2017 at Ericsson, Karlskrona. This lasted for about 
1 hour 14 minutes with architects who are part of the product. This interview was structured 
in accordance with pyramid model, where interview begun with providing a detailed overview 
of our research and later discussion was extended during the course of the interview [68]. The 
interview was designed based on recommendations provided by Runeson and Turner as 
follows: 
 

• Phase 1: Presenting the objectives of interview and Case study - This is the initial 
phase of the interview where we introduced ourselves to practitioners. Aims and 
objectives of the research are presented to avoid any deviations from the chosen 
domain. This introduction is made to set up an environment and let the interviewee 
know about our personal profile. Presenting aims and objectives also helped in 
increasing the interviewee's likeliness of participating in the interview.  

 
• Phase 2: Asking Introductory questions about interviewee - In this phase 

background information about interviewees such as previous role, personal experience 
of interviewee on the project under study, roles and responsibilities are collected. Next 
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step is to collect information about current research by asking planned interview 
questions. 

• Phase 3: Submitting our results and gain feedback - This phase includes collecting 
data relevant to current research by presenting the quantitative data obtained by 
analyzing archival data. Initially, interviewees were made aware of research questions 
and later quantitative results pertaining to each research question were presented. 
Later, questions were asked to know their opinion about results which serves as a 
feedback to our research. Presenting these quantitative results can help to seek 
qualitative data which is an essential requirement of this interview process. These 
discussions are recorded in audio format and later transcribed into a text file by 
listening to the audio file. 

3.3.3.2.3 Preparing questionnaire and presenting in the interview 
 
In this step, open-ended questions are prepared such that they meet aims and objectives of the 
research. During this interview, a power point presentation is presented to provide an overview 
of the quantitative results. So, the questionnaire is designed such that it helps to answer the 
below given two types of questions. 
 
Type 1 - Questions that are relevant to aims and objectives of the research. 
 
Type 2 - Questions that help to answer research questions and to know their opinion about 
quantitative results. 
 
Presentation and questionnaire are prepared without any typo errors and to avoid 
misassumptions [83][80]. Hence presentation and questionnaire are finalized after having a 
discussion with the supervisor. The prepared interview questionnaire is presented in Appendix 
B. 

3.3.3.2.4 Transcribing recorded data 
 

Though a face-to-face interview was conducted, the whole interview was audio recorded to 
maintain a log for future reference. This audio was transcribed into text form by carefully 
listening to the audio tape. The text was written manually by researchers and this data was 
later used for interpreting qualitative data in the thesis.  

3.3.3.2.5 Discussion with interviewees during the interviews 
 
After presenting our aims, objectives, and results of each research question, architects posed 
in-depth questions related to our research so that they have a clear view of our results. The 
discussion done for each research question is presented below:  
 
RQ 1- During this interview, quantitative data related to RQ 1 such as the ratio of medians for 
defects identified between the mature and immature team, a significant difference between 
each defect type are presented. After reviewing each box plot and quantitative results, 
architects provided a positive feedback about obtained results. It is observed that significant 
difference presented for each defect type met their expectations.  
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RQ 2 – For this question, Interviewee 2 expressed his opinion as “results are much relevant 
to aims and objectives but I am a bit worried about the difference in the evolution of defects 
for Task 9 & 16 and a huge outlier for Task 14”. To have a confirmation about these results, 
Interviewee 2 compared thesis results with results in Gerrit. It was found that there exist some 
redundant comments in data set which is causing a difference in results. Interviewee 1 had also 
agreed with Interviewee 2 opinion. Hence to avoid this bias in results, architects suggested us 
to remove redundant comments so that result of each task can be compared effectively. When 
questioned about reasons for a huge number of normalized defects in Task 14, architects 
couldn’t state a particular reason for such huge difference. Hence to avoid weird and 
unreasonable results, architects suggested us to remove comments part of Task 14. Using this 
feedback, we had interpreted the changes in line graphs to retrieve reasonable results. This 
helped in increasing the value to research and thereby present accurate results.  
 
RQ 3 – While discussing RQ 3, a set of unorthodox comments were presented to gather 
qualitative data regarding the challenges of code review process. The main focus is to find out 
the reasons for the occurrence of such comments and issues that reviewers are trying to portray 
through those comments. After having an initial discussion about above-mentioned statements, 
additional information about code review process is known on further extending our 
discussion. Gathering qualitative data related to RQ 3 had provided clear insights into this 
research.   
  

3.3.4 Data Analysis 
 
Analysis of data must be carried out in parallel with data collection methods as it helps to gain 
insights and know whether new data needs to be collected [70]. Authors of [74] stated that it 
is necessary to maintain a chain of evidence until right results and conclusions are made from 
the collected data.  
 
A large amount of information has been retrieved during archival research and semi-structured 
interviews. This information needs to be analyzed properly using suitable data analysis 
techniques. The data collection protocol used in this case study included a collection of 
qualitative and quantitative data through archived documents and interviews. So, using 
qualitative and quantitative data analysis methods is found to be a better approach for 
retrieving valuable insights to this research. 
 
Different kinds of techniques exist for analyzing qualitative and quantitative data. Among 
them, descriptive statistics, graphical representation, and hypothesis testing are chosen for 
analyzing quantitative data. In this research, qualitative data is analyzed by applying 
triangulation method for both quantitative (validate) and qualitative (inquiry) studies. Using 
this technique, quantitative results of RQ 1 and RQ 2 are validated whereas qualitative inquiry 
is conducted to retrieve results for RQ 3. Later information related to RQ3 is analyzed using 
content analysis. The motive and a brief explanation for each method are explained in sections 
3.3.4.1 and 3.3.4.2. 
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3.3.4.1 Analyzing quantitative data  
 

Quantitative data can be used to quantify a problem by generating numerical data which can 
be made into useable statistics. These are much used to uncover facts, generate patterns and 
generalize results collected from a large sample of data in research [84]. Considering our 
research, categorizing code review comments into different defect types produce a large 
amount of data which can be used to generate much quantitative data from it. Hence 
quantitative data is gathered and analyzed by following different methods that are explained 
as follows:  
 
Analyzing quantitative data is planned using descriptive statistics, graphical representation and 
hypothesis testing methods which are much relevant to case study research [70]. The motive 
for choosing hypothesis testing is to get a clear understanding of collected data. This method 
is usually conducted to determine the significant effect of independent variables on dependent 
variables [68]. Consider the case, knowing the impact of maturity and scale on the quality of 
software  are objectives of this research. Hence to reach these objectives, methods that provide 
quantitative results are necessary. The following content describes methods used to evaluate 
quantitative data and their application to this research:  
 
Descriptive statistics: This method used to summarize a large amount of data that is gathered 
by conducting archival research [68]. This approach is used effectively to visualize the raw 
data. Descriptive statistics doesn’t allow to draw conclusions beyond the analyzed data, hence 
raw data is transformed by having a clear understanding of the data. The following steps are 
followed while transforming the available data in this research: 
 

• From the given data set, it was observed that there is a difference in defect count within 
defect type. A number of defects with in each defect type varies for each unique ID.  
 

• By using this information, a number of defects are segregated into mature and 
immature teams based on the location for each unique ID.  

 
• Later, a number of defects per each unique ID is normalized by using the formula, 

number of defects/complexity point, where complexity point is taken as an input from 
the data set. The reason for normalizing the values is, categorization of defects is made 
by researchers themselves, hence there is a chance of increase or decrease in defect 
count. To compensate this, normalized values are considered. 

 
Description of variables used in the section are elaborated in section 3.3.3.1.1.  
 
Graphical representation: This method gives an overview of data by providing visual 
summaries of data to understand quickly. Graphical representations used in this research are 
box and whisker plots and line graphs [24]. These representations provided after determining 
descriptive statistics used in this research. Graphical representation of this transformed data is 
done by using box plots and line graphs as follows: 

Box and Whisker plots: Box and whisker plots are used for descriptive statistics by satisfying 
the above needs for comparing the difference between data items by plotting along a number 
line. A box plot can be created by dividing the distribution into four equal parts with five points 
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called quartiles. Among the distribution, the first and last points represent extreme points of 
data, third point gives the median whereas second and fourth points represent quartiles. The 
range between first quartile and third quartile is called interquartile range. This range covers 
50% of data set by eliminating higher and lower quartile.  
 
Other types of graphical diagrams such as histograms, frequency chart, quadratic mean, stem 
plot and Venn diagrams are avoided in this research because box and whisker plots provide 
ideal outputs to answer RQ-1. Considering this reason, box and whisker plots are used to 
analyze quantitative data.  
 

• In this research, after analyzing descriptive data from data set, box plots for each 
defect type are extracted using R-tool to automate the process of generating results 
with accuracy. R-tool is used because it provides a clear and precise graphical 
representation for a given input. 

 
• Box plots are drawn by plotting the normalized value for mature and immature teams 

on Y-axis and end dates on X-axis. This process is repeated for each type of defect 
and finally, results are noted down. 

 
• Using normalized number of defects as inputs, extreme points, median, quartile points, 

average and the standard deviation is calculated for each of the defect types. With 
these calculated values box and whisker graphs are generated to have a clear view.  

 
• Hence, box plots are used to evaluate the difference between mature and immature 

teams by representing them graphically.      
 

 Line graphs: This is another graphical representation method used in this research to analyze 
results obtained after descriptive statistics method. These are the type of graphs which displays 
information in a series of data points that are joined by straight lines. Line graphs are much 
like scatter plots that are mostly used to know the evolution of data as time proceeds. The 
motivation for using line graphs in this research is, after categorizing the code review 
comments from distributed locations, it is analyzed that there is a variance in defect 
occurrence. To determine the variance among teams in graphical format, line graphs are 
selected. RQ-2 can be answered by plotting values of normalized number of defects between 
immature teams as time proceeds. Hence it is planned to use line graphs to gather quantitative 
results and thereby contribute to answer RQ-2. 
 
The following process is followed while drawing the line graph: 
 

• These graphs are drawn in excel sheet to teams which belong to immature sites. Inputs 
to these line graphs are normalized number of defects for each defect type and end 
dates. 

 
• Hence, tasks pertaining to immature teams are filtered and separated to another 

spreadsheet based on their defect type.  
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• Later, normalized values are plotted on Y-axis and end date of each task are plotted 
on X-axis to evaluate the evolution of defects from task to task using line graphs. 
 

• Each point in line graph is assigned with task ID to have a clear visual representation. 
 
Inferential statistics: Inferential statistics are generally used to make inferences about general 
conditions by making judgments about the probability of occurrence from the selected sample 
population [85]. This method helps to reach conclusions that extend beyond the obtained 
information. In this research, it is used to infer whether the difference between mature and 
immature teams is statistically significant.  
 
Hence, to have a better understanding of retrieved data, hypothesis testing is used. Hypothesis 
testing is an essential procedure used in statistics to determine whether assumed hypothesis is 
true or false. Box and whisker plots are used to represent 95% confidence interval of the mean 
difference between mature and immature teams, by indicating their difference between means 
must be statistically significant.  So to conduct hypothesis testing, a procedure called Wilcoxon 
non-paired t-test is chosen. This t-test is also called as a Parametric test which is used to 
compare two sets of continuous data as part of this testing [86][87][88]. This t-test can be 
completed using four steps as follows: 
 
1. State the hypothesis –  Null and alternate hypothesis are chosen as follows: 

• Null hypothesis:  There is no significant difference between mature and immature 
teams regarding a number of normalized number of defects. 

 
• Alternate hypothesis: There is a significant difference between mature and immature 

teams regarding a number of normalized number of defects. 
 
2. Formulate an analysis plan - To accept or reject chosen hypothesis, level of significance 

is assumed to be 0.01. 
 
3. Analyze sample data - R-tool is used to know P-value, standard deviation, sample size, 

the degree of freedom and mean for two samples of data. 
 
4. Interpreting results – In this case, if P-value is less than the significance level, we reject 

the hypothesis and accept alternate hypothesis and, vice versa.  
 

To state a statistical difference, the ratio of medians for mature and immature teams is 
calculated for each defect type using R-tool.  

3.3.4.2 Gathering qualitative data  
 

Qualitative analysis of data is generally used to derive conclusions and maintain a clear chain 
of evidence about collected data. To extract useful information relevant to this research, we 
interviewed architects to triangulate the quantitative results and inquire about the factors that 
impact code review process. The motivation for triangulating the results is to confirm the 
results by gathering various evidence. Triangulation can be conducted in different approaches 
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such as between-methods triangulation and with-in methods triangulation. Considering this 
study, following triangulation method is used. 
 
Methodological Triangulation: This involves using more than one method to gather data 
[70]. In this research, a combination of qualitative and quantitative methods is used to gather 
relevant information [89]. Archived document is the main source of collecting quantitative 
data. Later quantitative results are triangulated and unknown facts are inquired by conducting 
a semi-structured group interview. 
 
Triangulating the results helped us identify that information used to conclude RQ 1 and RQ 2. 
Triangulating the results assured that only needful information is made part of research 
eliminating redundant data thereby increasing the quality of research. 
 
Another motive of interviewing architects is to explore the factors that impact code review 
process in a distributed environment. Architects provided much qualitative data about different 
factors, issues and their impact on code review process. To analyze this data, content analysis 
is used. The motivation for choosing content analysis as data analysis method is, this method 
helps to generate codes and interpret the results. In addition, pre-formulating research 
questions beforehand and having the necessary knowledge about the case under evaluation 
allowed us to choose this method.  
 
Usually, content analysis involves two steps such as preparation and organizing. Preparation 
involves tasks such as obtaining a clear view of data, selecting unit of analysis, deciding on 
latent content. The other step involves organizing tasks such as grouping codes, open coding, 
framing a general description on the research topic and generating categories & sub-categories 
[90]. The following steps are followed for analyzing the qualitative data [91] [92].  

3.3.4.2.1 Content analysis 
 

Preparation of data: Here, extracted data which is in audio format is converted into the 
textual format by listening to them. This is done to get accurate details of the analysis process. 
Observations from quantitative data are also kept in an organized manner to store them for 
future reference and use them if needed. 
 
Organization of data: In this step, interviewed data is organized in a structured manner by 
categorizing the information. Hence, issues related to code review process are noted down in 
separate categories and codes based on the type of issue they are dealing with. Architects gave 
independent feedback to each research question. 
 
Identifying codes   
   
Validating the available information with code reviewers at case company produced 
qualitative data that needs to be analyzed by identifying open codes initially. This process is 
repeated until theoretical saturation is reached. This process includes deriving open codes and 
categories. 
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Determining categories 
 
The main goal of this step is to get familiarized with data by identifying information that seems 
interesting and needs to be highlighted in the analysis process. This categorization is made by 
carefully reading the data repeatedly, later meaningful patterns were found which further 
helped in categorizing the extracted information.  
 
Codes and categories that are generated in data analysis are presented in Figure 4. 
 

Figure 4: Open codes from interviews 
 

3.3.5 Reporting 
 
According to Runeson et al. [68], a report is which communicates the findings of research and 
acts as a primary source of data to understand about quality of research. Results of this case 
study are reported in Chapter 4.   



 

44 
 

4 RESULTS AND ANALYSIS 
 

This section presents the results obtained for each of research question by conducting archival 
research and semi-structured interviews. 

4.1 Difference between mature and immature teams 
 
This section provides results for RQ 1 to determine whether maturity impacts the quality of 
software developed by distributed teams. This is achieved by evaluating the difference 
between mature and immature teams as discussed below. As increase in number of defects can 
hinder the quality of software, it is planned to compare the occurrence of defects in each defect 
type for both mature and immature teams. Answering this question requires detail information 
about overall comments present in data set as well as a number of defects for each defect type 
(Table 6).  
 

Type of Defects Number of defects per 
each defect type 

Functional defects 2496 
Maintainability defects  4197 
Compatibility defects 8 

Security defects 2 
Reliability defects 52 

Performance efficiency 353 
Portability 1 

Table 6: Number of defects per each defect type 
 
Using quantitative methods such as descriptive and graphical analysis, the following are the 
results obtained for each defect type.   

4.1.1 Functional 
 

Among 2496 total functional defects, 1236 defects belong to the immature team and 1260 
defects in mature teams which are detected during analysis. These numerical values show that 
there are more number of defects in immature teams when compared to mature teams. By 
using normalized values of each unique id as input the following attributes in Table 7 are 
calculated:  
 

Plots 
  

Number of defects for 
mature teams 

Number of defects for 
immature teams 

Extreme points 0.11 & 1.81 0.01 & 11.28 
Median point 0.23 0.72 

Quartiles 0.19 & 0.89 0.47 & 2.30 
Mean 0.61 0.96 

Standard deviation 0.64 3.00 
Table 7:  Values to attain box and whisker plots 
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The following box and whisker plots (Figure 5) depicts the difference between distributed 
teams.  

 
Figure 5: Box and whisker plot for functional defect 

 
By looking at Table 7 and Figure 5 the results exhibit that there is the functional difference in 
a number of defects. It shows defects in immature teams seems to be larger than mature teams 
graphically through box plots. To validate these results, hypothesis testing is applied by 
following steps mentioned to use Wilcoxon non-paired t-test (section 3.3.4.1) as follows: 
 
Null hypothesis:  There is no significant difference between mature and immature teams 
regarding number of normalized functional defects. 
 
Alternate hypothesis: There is a significant difference between mature and immature teams 
regarding number of normalized functional defects. 

Based on the graphical and descriptive analysis, a panoramic view is established, later in order 
to confirm the difference, we used Wilcoxon non paired t-test by either accept or reject 
assumed hypothesis as shown in (appendix). It was observed that there is a statistical difference 
within functional defect type and thereby accepting alternate hypothesis. The outcome shows 
that p-value is 0.30, which exhibits that there is a true difference in means.  T-value is -1.06 
which lies between 99% confidence of interval (-1.32, 0.61). The ratio of medians between 
immature over mature teams is calculated as 3.13 based on normalized number of defects. 
Hence by observing the above stated results, it can be inferred that there is a significant 
difference between mature and immature teams regarding a number of normalized functional 
defects.  
 

4.1.2 Maintainability 
 

Among 4197 maintainability defects, 2256 defects belong to the immature team and 1941 
defects in mature teams which are detected during analysis. These numerical values show that 
there are more number of defects in immature teams when compared to mature teams. By 
using these normalized values as input the following attributes in Table 8 are calculated:  
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Plots 
  

Number of defects for 
mature teams 

Number of defects for 
immature teams 

Extreme points 0.06 & 3.06 0.04 & 19.12 
Median point 0.33 0.99 

Quartiles 0.16 & 1.79 0.30 & 2.58 
Mean 1.05 0.97 

Standard deviation 1.26 5.03 
Table 8:  Values to attain box and whisker plots 

 
The following box and whisker plots (Figure 6) depicts the difference between distributed 
teams.  
 

 
Figure 6:  Box and whisker plot for maintainability defect 

 
By looking at Table 8 and Figure 6 the results exhibit that there is maintainability difference 
in a number of defects. It shows defects in immature teams seems to be larger than mature 
teams graphically through box plots. To validate these results, hypothesis testing is applied by 
following steps mentioned to use Wilcoxon non-paired t-test (section 3.3.4.1) as follows: 
 
Null hypothesis:  There is no significant difference between mature and immature teams 
regarding a number of normalized maintainability defects. 
 
Alternate hypothesis: There is a significant difference between mature and immature teams 
regarding a number of normalized maintainability defects. 

Based on the graphical and descriptive analysis, a panoramic view is established, later in order 
to confirm the difference, we used Wilcoxon non paired t-test to either accept or reject assumed 
hypothesis as shown in (appendix). It was observed that there is a statistical difference within 
maintainability defect type and thereby accepting alternate hypothesis. The outcome shows 
that p-value is 0.88, which exhibits that there is a true difference in means.  T-value is 0.15 
which lies between 99% confidence of interval (-1.63, 1.80). The ratio of medians between 
immature over mature teams is calculated as 3 based on normalized number of defects. Hence 
by observing the above stated results, it can be inferred that there is a significant difference 
between mature and immature teams regarding number of normalized maintainability defects. 
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4.1.3 Compatibility 
 

The total number of defects extracted from data set pertaining to this defect type are related 
only to immature teams. As there are no defects found with in mature team’s, box plots cannot 
be drawn. So, this data cannot be interpreted and it shows that compatibility issues had not 
been aroused during the development of the product.    

4.1.4 Portability 
 
Only 1 defect has been extracted from data set pertaining to this defect type that is related to 
mature teams. As this data is not enough to draw a boxplot, this defect type is excluded.    

4.1.5 Performance efficiency 
 
Among 353 performance efficiency defects, 201 defects belong to the immature team and 152 
defects in mature teams which are detected during analysis. These numerical values show that 
there are more number of defects in immature teams when compared to mature teams. By 
using these normalized values as input the following attributes in Table 9 are calculated:  
 

Plots 
  

Number of defects for 
mature teams 

Number of defects for 
immature teams 

Extreme points 0.03 & 0.12 0.03 & 1.75 
Median point 0.09 0.20 

Quartiles 0.06 & 0.11 0.04 & 0.88 
Mean 0.08 0.49 

Standard deviation 0.04 0.60 
Table 9:  Values to attain box and whisker plots 

 
The following box and whisker plots (Figure 7) depicts the difference between distributed 
teams.  
 

 
Figure 7: Box and whisker plot for performance efficiency defect 
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By looking at Table 9 and Figure 7 the results exhibit that there is performance efficiency 
difference in number of defects. It shows defects in immature teams seems to be larger than 
mature teams graphically through box plots. To validate these results, hypothesis testing is 
applied by following steps mentioned to use Wilcoxon non-paired t-test (section 3.3.4.1) as 
follows: 
 
Null hypothesis:  There is no significant difference between mature and immature teams 
regarding a number of normalized performance efficiency defects. 
 
Alternate hypothesis: There is a significant difference between mature and immature teams 
regarding a number of normalized performance efficiency defects. 

Based on the graphical and descriptive analysis, a panoramic view is established, later in order 
to confirm the difference, we used Wilcoxon non paired t-test to either accept or reject assumed 
hypothesis as shown in (appendix). It was observed that there is a statistical difference within 
performance efficiency defect type and thereby accepting alternate hypothesis. The outcome 
shows that p-value is 0.0216, which exhibits that there is a true difference in means.  T-value 
is -3.87 which lies between 99% confidence of interval (-1.56, -0.20). The ratio of medians 
between immature over mature teams is calculated as 2.22 based on normalized number of 
defects. Hence by observing the above-stated results, it can be inferred that there is a 
significant difference between mature and immature teams regarding a number of normalized 
performance efficiency defects. 
 

4.1.6 Reliability 
 
Among 52 functional defects, 26 defects belong to the immature team and 26 defects in mature 
teams which are detected during analysis. These numerical values show that there are more 
number of defects in immature teams when compared to mature teams. By using these 
normalized values as input the following attributes in Table 10 are calculated:  
 

Plots 
  

Number of defects for 
mature teams 

Number of defects for 
immature teams 

Extreme points 0.01 & 0.06 0.01 & 0.12 
Median point 0.04 0.05 

Quartiles 0.03 & 0.05 0.02 & 0.08 
Mean 0.04 0.05 

Standard deviation 0.03 0.04 
Table 10:  Values to attain box and whisker plots 

 
The following box and whisker plots (Figure 8) depicts the difference between distributed 
teams.  
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Figure 8: Box plot graph for reliability defect 

 
By looking at Table 10 and Figure 8 the results exhibit that there is reliability difference in a 
number of defects. It shows defects in immature teams seems to be larger than mature teams 
graphically through box plots. To validate these results, hypothesis testing is applied by 
following steps mentioned to use Wilcoxon non-paired t-test (section 3.3.4.1) as follows: 
 
Null hypothesis:  There is no significant difference between mature and immature teams 
regarding a number of normalized reliability defects. 
 
Alternate hypothesis: There is a significant difference between mature and immature teams 
regarding a number of normalized reliability defects. 

Based on the graphical and descriptive analysis, a panoramic view is established, later in order 
to confirm the difference, we used Wilcoxon non paired t-test to either accept or reject assumed 
hypothesis as shown in (appendix). It was observed that there is a statistical difference within 
reliability defect type and thereby accepting alternate hypothesis. The outcome shows that p-
value is 0.0211, which exhibits that there is a true difference in means.  T-value is -4.07 which 
lies between 99% confidence of interval (-1.61, -0.25). The ratio of medians between immature 
over mature teams is calculated as 1.25 based on normalized number of defects. Hence by 
observing the above-stated results, it can be inferred that there is a significant difference 
between mature and immature teams regarding a number of normalized reliability defects. 

4.1.7 Security 
 
Only 2 defects are extracted from data set pertaining to this defect type are related to immature 
and mature teams. The available data is not sufficient to draw box plots.    

4.1.8 Combined analysis for RQ 1 
 
Table 11 provides an overview of results from sections 4.1.1.1 to 4.1.1.7 for each defect type 
which has sufficient information to answer RQ 1.  
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Table 11:  Results for each defect types 
 
The attributes used in this Table 11 are stated as:  
where, 
M1   = Mean value for number of defects in mature teams. 
M2   = Mean value for number of defects in immature teams. 
Md1 = Median value for number of defects in mature teams. 
Md2 = Median value for number of defects in immature teams. 
Ratio= Md2 / Md1 
Sd1  = Standard deviation for number of defects in mature teams. 
Sd2  = Standard deviation for number of defects in immature teams. 
 
From the above table 11, it is clear that there is a significant difference in defect occurrence 
with in teams because majority of the defects have occurred with in immature teams when 
compared with mature teams. Thus, these quantitative values provide a clear evidence that 
quality of software developed by mature teams would differ from immature teams. This also 
indicates that most of the defect occurrence is due to immaturity aspect within architects.  
 
These results are validated by triangulating with architects. Discussion with architects proved 
that valuable insights have been retrieved pertaining to RQ 1. Architects expressed an opinion 
that “these results provide insights into the organization by improving functional and 
maintainability part of code during testing in some cases to identify defects in the initial stages 
of development”. Architects also accepted that difference in number of defects with in mature 
and immature teams is mainly due to maturity aspect. As teams, part of this product is situated 
in various locations where maturity aspect is varying to identify number of normalized defects.  
 
Hence considering the quantitative results and feedback from architects it can be concluded 
that, quality of software varies for mature and immature teams by more than 1.25 times within 
each defect type. Majority of defects are observed to be of functional and maintainability type, 
which affirms that more number of functional and maintainability problems exists. Quality of 
software gets hindered when functional and maintainable problems prevail. The reasons 
identified for such problems and differences is due to lack of knowledge sharing between 
mature and immature teams. Architects expressed an opinion that it is always harder to share 
knowledge with these teams about a complex task with geographical and temporal separation 
between them. Considering the immature teams in this research, the attrition rate of employees 
is higher compared to other teams. Hence mature architects working in this location are leaving 
the task incomplete and leading to decrease in quality of software. So it was much easier to 
complete the tasks and transfer knowledge to immature teams if developers working as part of 
immature teams visit. This could help the immature teams to work better and improve maturity 
level and quality of software.  
 
 

Defect type M1 M2 Md1 Md2 Sd1 Sd2 Ratio 
Functional type 0.61 0.96 0.23 0.72 0.64 3 3.13 

Maintainability type 1.05 0.97 0.33 0.99 1.26 5.03 3 
Performance efficiency type 0.08 0.49 0.09 0.20 0.04 0.60 2.22 

Reliability type 0.04 0.05 0.04 0.05 0.03 0.04 1.25 
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4.2 Evolution of defects within immature teams 
 

This section presents experience gained by the author while analyzing archival data. As the 
quality of software can be depicted by defect occurrence, number of code review comments 
with particular defect type is chosen as an instrument to measure quality. The results of RQ 2 
are interpreted after making the changes suggested by architects which are clearly stated in 
section 3.3.3.2.5. In addition, graphical implementation of some of the defect types was 
skipped due to unavailability of information. 
 

4.2.1 Functional defect type 
 
Categorizing code review comments based on functional defect type produced 1236 
normalized defects pertaining to immature teams. The following Figure 9 depicts the evolution 
of functional defects within immature teams. 
 
 

 
Figure 9:  Evolution of functional defects 

 
Observation from Figure 9 – Here number of defects decreased from Task 1 to Task 4. Later, 
when Task 5 has been initiated, number of defects increased and this effect is seen until Task 
6. After facing a decrease in defect occurrence for next task, defect count started getting up 
and down with no stability during development.  When the defects had moved to Task 12 there 
is an increase in number of defects until Task 11 has completed. Finally, there is a steep 
decrease in number of defects to zero after Task 11 until Task 16.  
  
Hence from figure 9, it can be stated that number of functional defects are changing as time 
proceeds with in immature teams.   
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4.2.2 Maintainability defect type 
 

After analyzing the archived document, it is observed that 1941 normalized maintainability 
defects were produced pertaining to immature teams. Code review comments that expose a 
maintainability issue are made part of this defect type.  The following Figure 10 depicts the 
evolution of maintainability defects within immature teams. 
 

 
Figure 10: Evolution of maintainability defects 

 
Observation from Figure 10 - Considering figure 10 drawn for maintainability defect type, 
Task 1 ended on 06/02/15 with less number of normalized defects and this continued until end 
of Task 12. Graph exhibited little deviations in between these tasks. After Task 12 has finished, 
there is a gradual increase in number of normalized defects for Task 11 and Task 13. It clearly 
portrays that Task 13, 16 and 15 nearly have a similar number of normalized defects. Later it 
is observed that Task 18 exhibited major deviation when compared with other tasks. Finally, 
defect count reached value to two when task 17 has finished. 
 
After observing the results from figure 10, it can be stated that a number of maintainability 
defects are varying as time proceeds with in immature teams.  
 

4.2.3 Performance efficiency defect type 
 

Categorizing code review comments based on performance efficiency defect type produced 
1236 normalized defects pertaining to immature teams. The following Figure 11 depicts the 
evolution of functional defects within immature teams.  
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Figure 11:  Evolution of performance efficiency defect 
 

Observation from Figure 11 - Considering the figure 1, initially, line graph has begun with 
the Task 1 where 0.19 normalized defects were discovered. Later defect count dropped on 
reaching the second task and these fluctuations are seen until Task 9. Then, defect rose to 1.6 
on completing Task 11 & 16. Number of defects with in tasks 15 and 18 are high when 
compared with other tasks, so more deviation is seen with in these tasks. Later, defect count 
dropped to 0.9 on completing Task 17.  
 
After observing the results from figure 11, it can be stated that a number of performance 
efficiency defects are fluctuating as time proceeds with in immature teams.  
   

4.2.4 Reliability defect type 
 

26 reliability defects were discovered pertaining to immaturity teams. Code review comments 
that deal with reliability issues are made part of this defect type. The following Figure 12 
depicts the evolution of functional defects within immature teams. 

 
Figure 12: Evolution of reliability defect 



 

54 
 

 
Observation from Figure 12 - Considering the figure 12, deviations are seen after completing 
every task. This situation may be seen due to less number of comments pertaining to reliability 
defect type compared to other defect types. After completing Task 3, number of defects rise 
from 0.03 to 0.12. Later defect count dropped until Task 9 has ended. One of the noticeable 
points in this defect type is defect count for Task 9 is less compared to other task which is 
quite different from other defect types. But the situation is similar within Task 16 and Task 18 
where major deviation is seen within these tasks when compared to other tasks.  
 
After observing the results from figure 12, it can be stated that a number of reliability defects 
are fluctuating as time proceeds with in immature teams. 
 

4.2.5 Combined analysis 
 
From all the results mentioned in sections 4.2.1 to 4.2.4, it is observed that all the line graphs 
had a varying number of normalized defects. Results that show t-test values for each defect 
type are presented in Appendix C. Defects are varying for each task ID where some of the 
plots in the graph are uneven. This shows that a lot of variance exists within the flow of graph. 
Hence it is determined that maturity was not evolving steadily as time proceeds within 
immature teams which resulted in reducing the quality of software.    
 
In addition to above analysis triangulating the results with architects, has retrieved some of the 
other interesting facts. One of the reasons for these variations in above results is, teams are not 
evolving steadily while development of tasks. This is because some of the people working 
within a team had moved to different organization or role while developing the product which 
resulted in adding new people to the project. Due to this high attrition rate, the level of maturity 
kept varying over time by increasing the loss of expertise and demand for mentoring.  
 
The other reason for this variation is, not able to complete highly complex tasks by immature 
teams. Because developers working as a part of immature teams were the newly hired people 
in the organization, who had a low level of maturity as compared to architects working within 
other teams. So maturity level was not raising steadily there by increasing the number of 
defects.  
 
Another reason stated by architects for such evolution is knowledge transfer issues between 
teams such as inadequate resources to exchange information between teams, maintaining 
regular contact with teams located in various locations and misunderstanding the requirements 
which led to increase in defects. 
 
The present review process had caused an impact on results with variance in number of defects 
within each task. Summarizing the above results infers that, quality of software developed by 
immature teams has no clear trend towards decrease or increase in number of normalized 
defects. Hence, it can be stated that quality of software developed by immature teams reduces 
as time proceeds.  
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4.3 Issues related to impact of geographical, cultural and 
temporal distances on code reviews  
 

While peer reviewing the code review comments in data set, some of the issues related to 
geographical, temporal and cultural distances were found. As the architects are interviewed to 
gain insights about the issues in code review process, unorthodox comments were listed out 
and presented to extract valuable information.  
 
During the process of interview, architects have given inputs regarding the impact of code 
review process. Due to geographical and temporal dispersion between teams, it's always harder 
to maintain a regular contact with another team. Hence while developing this product, 
architects followed particular approaches to meet these distances. One of the approaches is, 
meetings were conducted on Tuesdays and Thursdays to discuss issues in development. 
Architects also mentioned that telephonic meetings were conducted to discuss issues and if 
issues still persist, then remote sessions were conducted by sharing their screens. This process 
allowed to increase knowledge sharing as other person gets a chance to test the application 
from his/her point of view and reduce the gap created by temporal and geographical distances.  
 
On extending the discussion with architects in an interview, issues related to the impact of 
code review process were known. After extracting the information related to issues, they are 
divided into different categories and sub-categories using codes generated in content analysis 
(as mentioned in section 3.3.4.3). Each category is explained as follows in figure 13:  
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Figure 13: Issues related to distances on code reviews 
 
The data which is provided in tables (table 12 to table 22) are examples for each issue related 
to data set. As the original data cannot be exposed directly in this document, fictional data is 
provided to maintain confidentiality. The data such as URL’s, method names, variable names, 
actual codes, employee names, files names and other data related to the organization are 
replaced with generic data to conceal the meaning of data with privacy. The data replaced as 
follows: 
 

• Method names - m_name 
• Variable names - v_name 
• URL’s - url 
• Actual code - real_code 
• Employee names - e_name 
• Other data - o_data 
• File name - f_name 
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1. Code readability – Readability of the code is one the important aspect found when 

interviewing the architects, which is affecting the code review process negatively. There 
are a different kind of comments related to the readability of code in data set and architects 
also mentioned different opinion about each of the issue pertaining to this category.  

 
1.1. Size of comments – Providing the review in a single word increases the chance of 

misunderstanding the essence of comment. When discussed this issue, input was 
provided as comments provided in the data set doesn’t resemble the whole 
conversation made during code review process. Gerrit tool holds the information 
about the whole conversation made, and data set consist of only limited information 
about it. So, to clarify this, one of the interviewees had opened the Gerrit repository 
and reviewed the conversation to check whether comments were provided in a single 
word. It was found that information provided during code review process needs to be 
improved to get valuable insights. Table 12 provides some of the examples of single 
word comments.  

 
  

 
 
 
 
 
 

Table 12:  Single word comments 
 

Some of the comments in data set are very large which takes a lot of time to read and 
may some times confuse the developers. Answering the reason for such comments, 
interviewee mentioned that it is better to mention every detail to avoid errors but 
those comments should be provided in an aligned way. Inexperience in reviewing the 
code might be the reason for such comments in data set. In some cases, it doesn’t 
matter if the code review is short or long but the context is important. Table 13 
provides examples present in the dataset for large size of comments. 
 

 Large size of comments 
Why can input be null?  But fine, let's say it can... I still think you are 
somewhat abusing the ternary operator here, the intent of this code would 
be much clearer with:   if (string == null) return null; array = string. split(...); 
if (array... 
 
Should the tag o_data still have the same name? I'm wondering because in 
the v_name constant has been renamed to v_name in f_name which is used 
in f_name. And I also suggested to update the f_name i... 
 
m_name should become m_name earlier we only had dynamic output tags 
and then this worked but now this method will be wrong in this case if a 
dynamic input tag number is passed on to is o_data... I think now, that since 

Single word comments 
?? 

Attribute, external 
Repeat 
Java?? 

Whitespaces 
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we are introducing dynamic input tags for the first time then this needs to 
become is DynamicOutput tag and hence check both bits like the new 
isDynamicInputTag. Otherwise, dynamic input tags that are queried here 
will return true. 
 
If you say so, though, along so many changes, I don't know who people 
would spot that this is "the core". Here you do a calculation, return a value, 
and call the method get. Yet, above you do the same and call the method 
convert. Consistency? 
 

Table 13:  Large size of comments 
 

1.2. Issues in formatting – While reviewing comments in data set, it is observed that 
comments are related to formatting issue such as the use of spaces, tabs, line breaks, 
curly braces. Results from interview state that this issue is mainly due to the 
difference in coding styles. As various developers with different kind of working 
strategies are part of this project, structure of code may vary sometimes. But this may 
not affect the code review process to large extent. Table 14 shows some of the 
examples present in data set as follows: 

Table 14:  Format issues 
 

1.3. Styling – Comments in data set tried to expose the styling issues such as the use of a 
final keyword, declaring static, making it enum and other styling issues. This is 
because of not following the design template given by the organization. Here, code 
reviewers tried to expose this issue so that developers follow the template given and 
thereby maintain similar standards while writing the code. Table 15 provides issues 
related to styling from data set as follows: 

 
 
 

 

Format issues 
I don't understand this code.  We're looping through a List of values, but each 
element must match the exact same result?  Why do we then have a List?  
 
Use spaces instead of tabs 
 
white spaces can be removed 
 
Probably it would be better if whitespaces are removed. But that could trigger 
other o_data in a never ending series. I'd suggest to use the removews script 
that we have for o_data to clean them. The same applies for the rest of modified 
files (but I will n... 
 
Underscores are actually recommended in the slogan. 
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Table 15:  Styling issues 
 
1.4. Naming – Data set consists of comments that depict issues related to naming 

conventions followed by different developers. Some of the examples are 
incompatible variable or method name, change attribute name according to function 
and renaming. The reason known for such comments is not following a proper 
convention while developing the code. With in this naming issues, most of the 
comments are related to variable name and method name. Hence developers need to 
take necessary steps while writing the code. Naming issues are presented in Table 16. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Table 16:  Naming issues 
 

Styling related comments 
Please rename according to conventions v_name (You can find more here: 
url. - Please remove white spaces. Do it always before pushing. For doing that 
use the following script: ... 
 
Please reformat the whole TC description according to the conventions. 
 
Fields should not explicitly be initialized to their default values (null for 
objects, false for booleans, zero for int etc) according to our conventions. You 
don't need to fix this in this commit but if anyone feels like cleaning someday 
then please do.... 
 
Format of TC slogan does not comply with conventions. Update it. 
 
The date value must be in its own line. Not my fault, conventions/rules 
established. 
 

Naming issues 
Still a lousy name !! Look at the comments in previous gerrits! To unclear 
name, should include 'many notifications' or 'several notifications' in the 
name. Do not mention f_name, function applies for all types of notifications! 
perhaps something like: ... 
 
Name I have commented on before! We already can send o_data and o_data 
in o_data, before this PC. (Remember missed call notification PC to A and B 
number?) A better name needed, perhaps: m_name(perhaps one can argue... 
 
"o_data" to follow naming principle above? 
 
again, I think the naming is off. If we have a verb I don't think you have to 
use "perform" first. 
 
Why not naming it m_name and define it outside the loop? 
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2. Correctness in code – Correctness in code is the essential factor while developing code 
for a project. Architects had mentioned about the reason for correctness in code issue as it 
harder for the developer to keep track of all the methods and variables declared during the 
design process. Following distributed kind of environment still, complicates the process 
as many developers are involved writing the code. It is not easier to detect correctness 
issues while writing the code. Hence many comments are existing related to this issue. 
The following issues are found related to the correctness of code: 

• Boolean conditions  
• Methods returning null 
• Duplication of code 

 
Table 17 provides issues that are related to the correctness of code.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 17:  Issues related to correctness in code 
 

3. Problems related to unit testing – Presenting the above mentioned duplicated comments 
to architects, it is found that performing unit tests would increase the ease of executing the 
test and decreases the amount of failure in changing requirements at any stage of 
development. So it is inferred from architect’s words that duplication of code had allowed 
reviewers to provide comments about unit testing.  Below Table 18 provides problems 
related to unit testing from code reviews. 

Correctness related issues 
ops, not something to change just like that! Is it backed up with new null check 
code ? As i saw before null check was only done for the newly added o_data 
PC tags? 

 
I'm just confused about this null and length() check.  That means that if v_name 
is null, or if v_name has no o_data, then we return OK.  Why is that a valid 
setup? But if that is the case, then you should make it more obvious by 
inverting t... 
 
you return a boolean an yet you call the method something that doesn't lead to 
think to it returns a value, let alone a boolean. 
 
Shouldn't you return false here in case of failure? I am not sure what the 
boolean return value stands for. There is no information in the m_name class. 
Looking more into the surrounding code the return value doesn't seem to be of 
importance. 

 
Hej, ALL of the code you are writing here, was already added in url. Actually, 
even the variables names match. Did you copy it from there? Why... 
 

Problems with unit testing 
dont forget to add the actual requirements tested in this test case 
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Table 18:  Problems related to unit testing 
 
4. Effectiveness of code – In the provided data set, some of the comments are related to the 

effectiveness of code such as break the module to execute code effectively, more return 
statements are provided to architects. They had answered that the size of code must be 
short in order to increase the effectiveness of code because if the code to be reviewed is 
beyond 200 lines and it becomes pointless when it reaches 400 effectiveness decreases 
significantly. Table 19 are some of the comments from dataset related to effectiveness of 
code. 

Table 19:  Effectiveness of code 
 
5. Comment related issues 
 

5.1. Missing comments - Data set has some situations where a review is provided by a 
code reviewer, but no reply is seen from other side. If team members are part of a 
team in the same location, they can discuss the issues personally or whenever they 
have free time. But in the present case, no reply is seen which might result in a delay 
of code review process. When questioned about this issue, the answer was much 
similar to previous one. Some of the issues were discussed personally through a 
phone call to avoid any confusions and achieve better results. But practitioners also 
expressed an opinion that onshore development is better for completing complex 
tasks. If teams working under same unique ID and involved in the development of 
the same product, onshore development allows achieving better results. One of the 
examples from data set for such issue is, one of the unique ID is developed such that 
development phase is completed in USA and India whereas integration is completed 

The class is gone. According to Peter there is not value on keeping unit tests for 
the monitor. In any case it was useful for testing the functionality without 
deploying to a real product. 
 
if you have something which is set dynamically in runtime that ends up in f_name 
and your testing needs to mockup such things as well then you need to specify it 
here and extend the o_data to  support it as well... 

this also sets the parameters  to 1, 1, 1, 1 which is bad for testability explicitly set 
the parameters here and ensure you use different values, because otherwise a 
potential issue will go unnoticed until the operator starts testing this with 
proper/di... 
 
This is a big set of parameters, first we're ignoring all and then we're overriding 
with the values needed as per the test requirements, otherwise it would become a 
big challenge with lot of redundant code which won't be used in verification. 
 

Effectiveness of code 
I think this should be simplified a lot, where we don't even need the v_name:  return 
m_name; 
 
Line is too long. Break it at an reasonable length. 
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in a site located in Sweden. Hence it can be shown that, though locations are dispersed 
geographically, maintaining proper communication and coordination allows to 
complete code review process in an ideal manner. Table 20 provides comments those 
are missing in data set. 

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 20: Missing comments in data set 
 
5.2. Late replies - Considering the code review comments in the data set, there are some 

situations where the reply is provided after a week or 10 days. Usually, Gerrit tool is 
used to review the code and discuss any issues, here reply is expected within two days 
that is interpreting the changes in code according to the comment given by code 
reviewer. But time stamp provided in data set shows that some of the architects 
replied after many days a comment is given. When asked about this issue, architects 
replied that to gain valuable insights about existing information, some of the issues 
were discussed through skype for business instead of Gerrit tool. As some of the 
critical issues are discussed by maintaining a direct contact with teams in other 
location, these comments are missing in the data set. Another reason known for late 
replies is complexity in tasks. There can be situations where tasks take longer time 
than expected due to its complexity. Table 21 provides late replies from data set. 

 
Time stamp of a code 
review and late reply 

Code review (highlighted in blue) Reply 

3/7/2014 13:02 
 

Don't see why database stuff needs to be setup 
before every method.  Should be enough to do 
it once. 

Missing comments 
Yes, I could. But somewhere (either in the conventions or some email or some 
face to face I once had) it was kind of agreed that we should make the 
complete call, if nothing more than to have a complete scenario. Or maybe I 
imagined that... in any case I... 
 
This is the last discussion we had on this point via e-mail: *) You check all 
fields in the , you need also to check that the context is active. I.e. a field in 
the o_data context shall not do an stack vendorId update if the function is not 
active. [o_data... 
 
Going to write you an email about all the major changes and configurations 
classes! 
 
I did the same and was mighty curious at first, but after e_name explaination 
it became a bit more clear. I added more information around this in the 
comment in o_data and e_name sent a long explaination around the whole 
thing in an email to you and... 
 
removed the selected check here. most likely a o_data around line 223 in this 
o_data. fix up for review in next o_data. Sent separate email etc regarding 
this probable o_data. 
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3/10/2014 12:30 
 

I moved the logic to an extra method and 
added a check to avoid initializing the DAOs 
before every test. 
 

3/7/2014 14:02 
 

Remove this method. 

3/10/2014 12:30 
 

Done 

2/27/2014 16:52 
 

isnt it a risk that we set partially due to the 
wrong reasons? Just because the m_name is 
UNLIMITED doesnt mean we will have a 
partial deduct. 
 

3/1/2014 9:23 moved this code and added a new parameter to 
m_name 
 

2/26/2014 11:25 see comment on o_data about the usage of 
m_name 
 

3/2/2014 15:18 Done 
Table 21: Late replies in data set 

 
5.3. Impolite comments - Here, some of the comments that seemed quite impolite while 

reviewing are presented to architects. Architects expressed their opinion about such 
comments as “language should not be bothered while reviewing the code as other 
person will not try to offend rather try to portray the issue. Hence any comment is a 
good thing and language is not an issue”. Teams located in various locations should 
try to develop a positive attitude of constructive criticism then trust on the process 
will be built automatically. Table 22 provides clear details related to impolite 
comments. 

Missing comments 
Well. Stupid test case if you ask me... You are supposed to get an error 
"o_data" but with m_name active (because it was needed to create the o_data) 
it doesn't fail... So... Strange test case. Not quite normal to activate / dea... 
 
Or I'm simply too stupid to understand. :-) I like the first suggestion  - I'm not 
that found of sending in mutable state into a method like the second one. 
 
Oh, method name, why are you lying to me? 
 
I dislike this type of code that you change what is a v_name on the fly. 
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Table 22: Impolite comments in data set 
 
By considering the above statements, it can be inferred that maintaining communication and 
coordination between teams located in different time zones and geographical locations is a 
typical task and introduces many issues. Considering the comments related to cultural issues, 
it is found that this is mainly due to differences in cultures between teams located in different 
locations.  
 
Summarizing the results from the interview and analyzed data set it is observed that even 
though code reviews are an effective way to ensure quality and consistency when applied in a 
distributed environment, there are certain issues pertaining to this process. Previous 
researchers tried to expose ways to analyze the code reviews, but issues related to code reviews 
in real time environment are not clearly discussed. So, in this research, RQ 3 provides results 
about issues related to the impact of three distances on code review process and its effect on 
software quality. As there are many ways to analyze the code with the usage of tool support, 
some issues cannot be raised or fixed. These kinds of issues are discussed to expose some of 
the internal problems faced by distributed organizations. This process helps to share 
knowledge among teams by developing interpersonal skills such as negotiating compromises 
and providing better feedback on the code while reviewing. It also helps architects to decide 
which rules to apply when issues arise that are related to above-mentioned categories and take 
measures to improve software quality.     

När kommer denna att anropas? m_name() anropas bara från m_name. 
Kanske lika bra att generera xmlen direkt som attributen  
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5 DISCUSSION AND LIMITATIONS 
 
 
This section provides a comprehensive discussion on answers to research questions and results 
of conducting this research.  

5.1 Discussion about findings of the research  
 

In this paper, we had evaluated the impact of maturity, scale and distribution on software 
quality in large scale organizations by using a dataset related to a distributed project in Ericsson 
and performing different kinds of data collection and analysis mechanisms. The main purpose 
of this case study is to analyze the impact on software quality in a distributed development. 
To achieve this, we have used code review process as one of the dimensions. We found that 
that maturity is one of the factors that impact code review process with variance in quality of 
software. Our results vary from various studies that are dealing with factors affecting code 
review process and there impact on software quality because an in-depth research is conducted 
pertaining to software quality and code review process in a distributed environment [45][43].  
 
Research method that had been used to answer the chosen research questions is case study. 
Case study analysis comprehensively addressed all the research questions by using 
information from archival data. However, our quantitative results provide an evidence on the 
impact of maturity by knowing the significant difference between the quality of software 
developed by mature and immature teams. In addition, these results also indicate that scale in 
evolution of defects with in immature teams do not follow a particular pattern by affecting the 
quality of software. The other important aspect in this research is distribution, which deals 
with knowing the issues related to code review process in distributed environment. These 
results are further validated with interviewees.  
 
On conducting an analysis of collected data, it was understood that quality of software is 
changing due to the difference in defect occurrence. It is observed that involving a different 
kind of architects allowed to increase diversity in comments. Aspects such as experience in 
reviewing the code, strategy employed for maintaining an effective communication with 
distributed sites, also play a key role in discovering defects. Most of the comments mentioned 
in the data set were related to functional and maintainability type of defects. This shows that, 
in most of the cases code reviewers are identifying and pointing out issues with functional and 
maintenance parts of the code.  
 
Moreover, quantitative results attained during the research were presented to architects to gain 
valuable insights. On a closer inspection of feedback from architects, one of the interesting 
aspects found is, differences in maturity deeply influences the quality of software developed. 
In addition, it is observed that maturity levels kept on varying because many employees have 
shifted to other companies leaving the tasks behind. Other aspects such as actual code review 
process in Ericsson, tools used for maintaining communication with distributed sites, working 
environment provided for mature and immature teams are also known.  
 
The discussions for each of the research question formulated in this research are as follows: 
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RQ 1- How does the quality of software developed by immature teams differ from one of the 
mature teams in large scale distributed projects? 
 
Conducting case study proved us that there exists a significant difference between the quality 
of software developed by mature and immature teams. Evidences are gathered in a quantitative 
format by using descriptive statistics techniques. The quality of software is evaluated by 
comparing number of defects, median values with in mature and immature teams. Collecting 
archival data helped us to gather these evidences by categorizing code review comments into 
different defect types. After making necessary calculations, it was found that number of 
normalized defects occurred with in mature teams located in 3 locations and immature teams 
located in 1 location are significantly different. It was also observed that ratio of medians 
between mature and immature teams is more than 1.25 times for each defect type. Thus, 
considering these facts, it is considered that quality of software differs based on maturity 
aspect. In addition, it is known that immature teams demand more support from developers in 
mature locations.  
 
By validating these results, it is understood that change in teams leads to no improvement in 
team’s performance. Due to this constant change in the teams, group learning is missing which 
decreases knowledge sharing among team members and affect the performance. This is 
because many people who are part of this development process had left the team leaving the 
tasks incomplete. This caused a difference in maturity level among team members thereby 
increasing the difference in the quality of software developed by different teams. 
 
RQ 2- How does quality of software developed by immature teams evolve over time in large 
scale distributed projects? 
 
The main motive in designing this research question is to know the importance of scale aspect 
on software quality. Observations from quantitative results show that quality of software 
decreases with increase in defects. In addition, line graphs have variations with no particular 
trend which suggests that evolution of defects is not stagnant anywhere. This also shows that 
number of defects varies within immature teams and strengthening our observation that quality 
of software changes as time proceeds. This is because of the variance in employees 
participating in the project hinders the growth of teams. Architects mentioned that knowledge 
sharing could be one of the aspects that caused this variance as it is not much easier to transfer 
knowledge about a complex product to immature teams. Furthermore, other factors such as 
new employees with less knowledge level about product are being added to the project, code 
understandability between architect could be reasons for increase or decrease in number of 
defects without following a proper pattern. 
 
RQ 3- What are the issues related to impact of cultural, geographical and temporal distances 
on code review process in large scale distributed projects? 
 
This research question is framed with a motivation to know the issues related to the impact of 
GSE distances on code review process as the quality of software is getting hindered. To 
achieve this, various aspects related to comments in data set were considered, such as time 
taken to reply a comment, not replying a comment, the language used to reply, terminology 
used while writing code review and, reason for discussing mostly about functional and 
maintainability defects in code. Information from archival data helped in identifying the issues 
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helped in answering this question by extracting the practical issues faced while conducting 
code review process that is discussed clearly in section 4.3.  
 
Discussing the issues related to the impact of geographical, temporal and cultural distances on 
code review process, it was seen that lot of issues are extracted from the archival data and 
interview are unique from other previous researches in GSE domain. Most of the issues are 
exceptionally related to the impact of temporal and geographical distances on code review 
process. But missing comments is the issue that is related to the cultural impact on code review 
process. Furthermore, such issues have raised because of implementing code review process 
in distributed environment. Hence, leveraging the advantages of code review process and 
following proper measures to overcome issues can help to build a product that is rich in quality. 
 
This research is an attempt to state the issues with in a data set that has information about code 
review process conducted in a distributed environment. Hence these results can be used by 
other researchers in software engineering to further continue this research.      

5.2 Threats to validity 
 

Use of empirical methods to conduct a research is prone to various kinds of threats. It is 
essential to determine threats to validity for a research and follow mitigation strategies to avoid 
them. It helps to increase trustworthiness in findings and judge the quality of research. The 
chosen research methodology, case study, and interviews has validity threats such as construct 
validity, external validity, internal validity, reliability. The following is the discussion about 
threats relevant to this research and mitigation strategies followed based on literature to avoid 
them [93]. 
 

5.2.1 Construct Validity  
 
This threat deals with a relationship that exists between researcher intention to achieve 
something and what actually has been investigated while answering the research questions. 
One of the threats in this research is, misinterpretation of interviewed data by designing the 
questions that are not relevant to the research and collect data that is suitable to proceed with 
research leads to construct validity. The mitigation strategy followed to avoid this threat is by 
reviewing and revising the questionnaire and presentation with supervisor and ensure 
correctness in it. Runeson et al. guidelines have been used to prepare the questionnaire [70].  
The other threat that is, use of generic or similar terms in different contexts that might sound 
same. To avoid such threats, a proper understanding of terms is maintained throughout the 
document.  
 
One of the essential conditions for conducting qualitative research is to triangulate the data. 
Hence it is considered to conduct interviews with practitioners to triangulate the data. But one 
of the limitations of this study is performing less number of interviews.  

5.2.2 Internal Validity 
 
This validity deals with the extent to which casual relationships are drawn and examined such 
that relevant conclusions can be made. Factors that affect the findings of study due to third 
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parties impact are discussed in this section [68]. Improper selection of interviewees, involving 
literature not relevant to research and, misunderstanding and interpreting the results incorrectly 
can lead to this threat. To mitigate this threat, interview respondents are chosen to be the 
architects who took part in actual code review process. Convenient sampling has been made 
part of this interviews to select interview subjects based on their experience in the chosen 
domain. Architects part of this interview were having an experience of more than 5years. So, 
the chance of misunderstanding the questions is being reduced.  
 
Involving literature not part of this research domain is also one of the risks for this research. 
To mitigate this risk, filtering of literature was done in two stages, initially selecting literature 
by reading abstract, aims and objectives. Later further filtration is done by thoroughly reading 
the whole document and analyzing the needful content from it. 
 
The other threat is a wrong interpretation of archival data by individual review. This is 
mitigated by peer reviewing the archival data to improve accuracy in results when performing 
the research. Improper data analysis can lead to interpreting incorrect findings in the research. 
Hence to avoid such threat, quantitative results are generated using an automated tool to 
retrieve descriptive and graphical statistics. 
 

5.2.3 External Validity 
 
This validity deals with a generalization of research findings relating to areas outside the 
investigated case. This case study was performed on a dataset related to a single company. So, 
there may be a chance of generalizing the results according to the selected company [68]. This 
risk has been mitigated by interpreting the results such that those are suitable for teams that 
are working in a distributed environment.  
 
A threat to this research is not discussing a situation where mature and immature teams deals 
with different products which might be involved to get slightly different comments from 
comments in dataset. This is mitigated by including normalized values for number of defects 
to interpret generalized results. 
 
Another threat is misassumption to consider all defect types during interpretation of results. 
Some of defects types such as compatibility, portability and security are avoided, as they don’t 
add much value to our research. This is done by following pair programming and avoiding 
comments that belongs either in mature or immature teams.  
 
Signs of occurrence of this threat is seen while generalizing the quantitative results. Hence to 
avoid this threat, results are validated with architects to avoid incorrect generalizations. As 
experienced architects are made part of this interviews, the probability of interpreting 
inaccurate results is low. 
  

5.2.4 Reliability 
 
Ensuring reliability in findings help to make this study repeatable. To have reliability, methods 
used in the research are tested beforehand. Biasing the results to a single stream has been 
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avoided by pre-checking the data collection methods [68]. This pre-test is conducted by 
following a data collection protocol to design the research. Another way of assuring was done 
by conducting status meetings with supervisor and constantly reviewing the decisions 
undertaken.  
 
In addition to above threat, one of the threats which cannot be mitigated is collecting the results 
by means of interviews which highly depends on respondents. So it’s nearly impossible to 
repeat same results with different people. This is one of the limitations in our interview study.  
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6 CONCLUSION AND FUTURE WORK 
 

6.1 Summary 
 

Due to a vast increase in organizations moving towards distributed development, use of 
different techniques to ensure quality is necessary. So, code review is one such process 
followed by most of the large-scale organizations in distributed environment to detect defects 
in code and improve software quality. But there has been and it continues to foresee various 
kind of challenges to ensure software quality and implement this process in large scale 
organizations. Chapter 2 provides a clear view on this discussion based on information 
provided at case company and investigations made in previous studies. One of the identified 
challenges in this domain is the impact of maturity and scale aspects on quality. 
 
Distributed development allows to collaborate between companies located in different 
locations. Architects working in various locations have vast differences in culture, temporal 
distances and geographical locations which thereby impact communication and coordination 
between software teams. This adds to another challenge faced by architects while collaborating 
in a distributed environment.  
 
Previously, a broad research has been conducted on various aspects that impact code review 
process in distributed environment. But there is limited research related to maturity aspect in 
distributed environment and how the quality of software differs with the difference in maturity.  
 
Hence, the current thesis specifically contributes to architects involved in code review process 
and use different various strategies to ensure software quality. In this research, a background 
study about code review process is mentioned in chapter 2 which also includes information 
about current challenges in this domain, previous researches to solve these challenges, 
strategies & tools used for implementing code review process at case company. Later, a 
research method that can help to answer these challenges is identified and it was decided that 
archival data best suits this research. A data set that has information about code reviews given 
by different architects is used to gather quantitative results. After analyzing the data, the results 
are presented to architects to triangulate by inquiring and validating the data to ensure 
correctness and accuracy. These results provide a view for architects and search for possible 
ways to decrease defects occurrence.   

6.2 General conclusions 
 

• Values such as the ratio of medians for number of defects between mature and 
immature teams, the evolution of defects between immature teams provide valuable 
insights to improve quality and can be used for statistical analysis of maturity levels 
and scale between distributed teams.  

 
• Visualizing the results using different plots helped to view issues from various 

perspectives. Normalizing defect count helped to ensure generalizability in results.    
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• Retrieved results mostly correlate with architect’s opinions about defect analysis 
excluding some exceptional cases. This concludes the reliability in results. 

 
Following are the answers to research questions that are found in this research 
 
RQ 1 How does the quality of software developed by immature teams differ from one of the 
mature teams in large scale distributed projects? 
 
In our analysis, we had identified that there exits a significant difference between the quality 
of software developed by mature and immature teams. When calculating the difference, it was 
identified that most of the defects are found in functional and maintainability parts of the code. 
So number of defects varies due to maturity aspect within teams which further impacts quality 
of software. To reduce this difference in maturity levels between, organizations need to focus 
on knowledge sharing, group learning and mentoring teams located at immature sites. Thus 
quality can be improved by early detection of defects and decreasing attrition rate in immature 
teams.  
 
RQ 2 How does the quality of software developed by immature teams evolve over time in 
large scale distributed projects? 
 
The prominent findings of RQ 2 are: we had investigated that immature teams do not have 
stable evolvability. The main reason is teams were not stagnant and had high turnover, attrition 
rate during this period. In addition, when discussed with architects the reasons for it are the 
amount of legacy code in GSE that make things harder to share knowledge for developers in 
remote locations.   
 
RQ 3 What are the issues related to impact of cultural, geographical and temporal distances 
on code review process in large-scale distributed projects? 
 
Issues that are related to these three distances are inquired by presenting unorthodox comments 
to architects for extracting relevant data to research. Based on data gathered from interviews 
and data set, we had identified certain categories related to code review process. Although 
some categories are present in another context as well, distribution is done appropriately to the 
data available. From these categories, some will be general and some of them will be specific.  

6.3 Future work 
 

While conducting this research, different ways are seen for continuing this research in future. 
One of the potential ways for this research is to analyze the long-term evolution of teams, to 
see whether they are more stable or not. The other aspect is to find out ways to improve 
knowledge sharing among immature teams until they reach the similar performance of mature 
teams in other locations by conducting interviews or survey. The teams are immature because 
due to attrition rate and their performance is worse, which needs to improve by following the 
measures presented in this research paper. Hence teams can improve their ability to increase 
the level of maturity as good as teams in mature locations. Another important way we didn’t 
exploit is, to identify the impact of turnover on the evolution of defects. Considering the inputs 
from architect’s, the researcher can make a list of more issues within defect types of code 
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review process such as reliability and security. Other way of extending this research is by 
seeking permission from case company, the researcher can look at the Gerrit repository 
pertaining to this defect analysis to identify the reasons for providing a particular comment.  
 
Another potential direction through which research can be continued is by conducting a 
systematic literature review on challenges pertaining to code review process in implementing 
it in a distributed environment. This can help to know various kind of challenges in this domain 
and search for strategies to resolve them.  
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Appendix  A - Case study protocol 
 
 

Section Description 
Preamble The case being investigated is code review process conducted 

in distributed environment. A data set with code reviews is 
collected and analyzed by complimenting the data from 
interviews with architects in Ericsson.  Data confidentiality will 
be assured by discussing the details of data among team 
members, architects and supervisor.  The responsibility of 
researcher is to ensure the recorded data to be safe by 
maintaining back up file like voice recordings during each 
meeting.   
The analyzed data will be documented and published as a 
master thesis. 

General Our research project includes reading code review comments 
from a large set of data pertaining to a large-scale distributed 
project. Initially the comments in the dataset are categorized 
into different defect types based on the type of defect the 
comment is trying to expose. Later comments are sorted based 
on type of defect to evaluate significant difference in defect 
occurrence for mature and immature teams. This process is also 
used to find whether software quality developed by immature 
teams evolve over time. Thereafter the categorized comments 
helps to know the impact of GSE distances on code review 
process.    

Procedures The data collection method chosen to obtain valid results is 
from archival research and semi-structured interviews. The case 
under evaluation for this case study is code review process in 
Ericsson-Karlskrona, so target population for conducting these 
interviews are code reviewers in this company.  
 
Code reviewers will be contacted by using the references from 
our supervisor. Communication will be maintained with those 
people through email and/or telephone to discuss about 
appointment to meet them and time available to give answers. 
Based on their availability, a face-to-face interview will be 
conducted. 
 
Face-to-face interview will be conducted by planning field visit 
on the scheduled date. These interviews will be recorded using 
recorders to resolve any confusions in future while analyzing 
the results.  

Research Instrument Unit of Analysis: Code Review Process 
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Variables: Number of defects, complexity point and 
normalized number of defects. 
The qualitative data is gathered by preparing open ended 
questionnaire and power point presentation that is based on 
quantitative data.  

Data Analysis 
Guidelines 

Quantitative data will be analyzed using 3 approaches such as 
descriptive statistics, hypothesis testing, and Graphical 
representation. Content analysis will be used for analyzing 
qualitative data.  

 
Table 23: Case Study protocol 
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Appendix  B - Interview questionnaire 
 
Phase 1: 
 
Objectives of interview and case study 
 
We are doing our master thesis on aspects that impact code review process on software quality. 
This research mainly focuses on evaluating the impact of maturity, scale and distances in large-
scale software projects.  

How interview data will be used 

We are trying to gather your thoughts and perspectives on code review process and its affects 
on software quality. Your responses to the questions will be kept confidential. Your results 
will provide valuable insights for our research and findings. The results of the research will 
help the company and practitioners to gain sufficient knowledge about aspects which are not 
clearer on code review process. The study will reveal challenges related to communication and 
coordination issues in code review process when distributed globally.  

Phase 2: 
 
Introductory Questions 
 
Name, background and role of practitioners are asked.  
 
Phase 3: 
 
Code Review Process 
 
Q:1- How code review process is being conducted between mature and immature teams? 
 
Q:2- Why are you using only Gerrit repository to review the code and provide comments? 
 
Q:3- How do you perform code review process to eliminate number of defects from code in 
large scale organizations? 
 
Q:4- What type of metrics or type of defects does Ericsson follow to ensure quality in the 
process? 
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Phase 4: 
 
Impact 
 
Q:5- What factors (technical, participation and personnel) influence code review process in 
large scale organizations?  
 
Q:6-What factors can influence reviewers and how long it takes for a patch each review? 
 
Q:7-What are challenges (communication and coordination) faced in large scale organizations 
when distributed globally? 
 
 Q:8-What is the impact of cultural distances in code review process? 
 
 Or What is the issues related to the impact of cultural differences on the type of defects 
revealed through code review process? 
 
 Q:9-What is the issues related to the impact of geographical distances on the code review 
process? 
 
Q:10-What is issues related to the impact of temporal distances on code review process? 
 
Q:11-Why do you think that projects developed by mature teams will tend to have fewer 
defects than in immature teams? 
 
Q:12-Is it better to communicate using Gerrit tool when code change spans across different 
files? 
 
Q:13-Is code review dependent on number of reviewers? 
 
Q:14-How long a discussion continues for each module or code to ensure quality?  
 
Q:15-Will code reviews help to increase quality of product during development in large scale 
organizations when located at different locations? 
 
Q:16-What challenges do developers face when performing review tasks? 
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Appendix  C –Screen shots of quantitative results 
using R-tool  
 
 

 
Figure 14: Functional results using R-tool 

 
 
 

 
 

Figure 15: Maintainability results using R-tool 
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Figure 16: Reliability results using R-tool 
 
 
 

 
 

Figure 17: Performance efficiency results using R-tool 
 
 
 

 


