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Abstract  
Peer code review is an effective method to reduce the num-
ber of defects and maintain source code integrity. Peer re-
views in most of the Open Source Software (OSS) 
communities are conducted via mailing list, which are dif-
ficult to manage at times. Code review tools aim to ease the 
review process and keep track of the review requests. In 
this paper, we describe preliminary results of our study to 
evaluate code review process using a popular open source 
code review tool (ReviewBoard) in OSS communities. 
Some of our study findings are similar to the findings of 
previous studies on code reviews. In the projects under our 
study, we found that, most of the revisions are not submit-
ted for peer review.  More than 80% of the review requests 
are responded by two or less number of reviewers. Top 
committers of the projects are also top contributors of code 
reviews. Most of the review requests get prompt feedback 
within a day; however, some requests might wait for feed-
back for a long time. Most importantly, we have identified 
some interesting directions for future research. 

Categories and Subject Descriptors K.6.3 [Software 
Management]: [Software development; Software Mainte-
nance; Software Process] 

General Terms Performance, Experimentation, Verifica-
tion. 

Keywords Open source software, peer review, code re-
view, mining repositories, review board 

1. Introduction 

Software inspection (formal peer review) is considered to 
be an important and cost effective method of identifying 
defects [9]. The practice of using peer-reviews of code has 
been adopted as an important quality assurance mechanism 
in most of the mature and successful Open Source Software 
(OSS) communities [7, 12]. Besides detecting defects and 

maintaining the integrity of the code, peer-review helps the 
community spread knowledge, expertise, and development 
techniques among the review participants [16, 17].  

Based upon when the review occurs, there are two types of 
peer-review processes used in OSS communities: 1) Pre-
commit review: Code is committed to the repository only 
after peer(s) have reviewed it and are satisfied with it. This 
type of review process is also known as Review-Then-
Commit (RTC).  2) Post-commit review: Code is inspected 
after it is submitted to the repository, usually a develop-
ment branch. This type of review process is also known as 
Commit-Then-Review (CTR) [6, 14].  

Most OSS communities conduct their peer-reviews via the 
mailing list. In this type of review, a code author generates 
a diff file or patch file (a type of file that can be generated 
by the source code versioning system, which represents 
changes made to the working copy of the code). Then the 
author sends the patch out via email using a special, desig-
nated keyword in email subject (e.g. Apache developers use 
‘[PATCH]’ as the keyword). The main drawback to mail-
ing list-based code review is that management of the pro-
cess is inefficient and prone to lost requests. Therefore, 
some OSS communities use tools specifically created for 
managing the code review process. Code review tools aim 
to manage the review requests and make the review task 
easier. Moreover, code review tools can maintain traceabil-
ity link between review request and code revisions. Re-
viewBoard is one of the most popular open source code 
review tool used by OSS communities. This paper analyzes 
how OSS communities use ReviewBoard. 

Section 2 briefly discusses the history and usage of Re-
viewBoard. Section 3 presents the research questions. Sec-
tion 4 describes the research methodology. Section 5 
analyzes the data relative to the research questions. Finally, 
Section 6 discusses the plan for future work and concludes 
the paper. 

2. History  and Workflow of 
ReviewBoard 
Prior to 2007, the developers of VMWare used a time-
consuming code-review process. They created htmldiffs by 
placing the old code and the new code side by side and 
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project, e.g. code quality, and number of defects found. Our 
goal is to identify the empirical evidence about those im-
pacts. Once we better understand the current review pro-
cess and the influencing factors, we will be better able to 
make suggestions to improve it.  

This research is in its preliminary stage. The research ques-
tions in this paper are focused on descriptive statistics 
about the code-review process using ReviewBoard. The 
answers to these research questions will motivate additional 
research questions for the next step of our research. Some 
of the questions are motivated by results of previous studies 
about mailing list-based code reviews [7, 14]. We can 
compare the results of these common questions to deter-
mine whether there is any systematic difference between 
reviews conducted via the mailing list and reviews con-
ducted with ReviewBoard. The remainder of this section 
describes and motivates each of the eight research ques-
tions addressed by this study. 

RQ1. How many people are participating (i.e. submitting 
review request or reviewing code submitted by others) in 
the code-review process compared to the number of code 
committers in the project? 

In an OSS project, only active developers can commit code 
directly into the main repository. Therefore, we expect that 
all code committers will participate in the ReviewBoard 
activities if the project requires all code to be reviewed be-
fore submission to the main repository. To answer this 
question, we collect two types of data: 1) whether all active 
developers participate in the ReviewBoard, and 2) whether 
there are people in addition to the code committers who 
participate in the ReviewBoard. 

RQ2. Are all code revisions submitted for peer review? 

Ideally, all code committed to the project’s trunk should be 
peer-reviewed. However, there might be some exceptions 
to this rule. For example, a code author might not create 
review requests for trivial changes. Alternatively, a project 
member who contributes heavily to the project and who is 
aware of design and coding guidelines might not create 
review request for all of her changes. In this question, we 
determine what proportion of the code revisions are submit-
ted for peer review in the ReviewBoard. 

RQ3. Do the committers submitting the most revisions also 
contribute the most in the ReviewBoard? 

If most code revisions are submitted for peer-review, then 
we would expect that the top code contributors would also 
be the top review request submitters. If a top committer is 
among the most active members, he might also be one of 
the top reviewers. 

RQ4. What proportion of code revisions posted for reviews 
are not accepted for inclusion into the trunk? 

In a pre-commit review, not all the changes submitted for 
review will eventually be committed to the repository. In 
this research question, we determine what percentage of the 
code for which a review is requested does not make it to the 
main repository of project. 

RQ5. How many reviewers respond to a review request? 

The Apache project RTC policy indicates that three core 
members of the project should review a code change prior 
to its inclusion in the main trunk. However, previous re-
search indicated that this policy is not always followed 
[14]. Previous studies on the OSS review process found 
that on average 2 to 3 developers respond to a code review 
request [7, 13]. We revisit this question to determine how 
many reviewers typically respond to a review request in a 
ReviewBoard. 

RQ6. How many comments do the reviewers and submitters 
make before code is approved for inclusion in the trunk? 

After a review request is submitted, a code author might 
make several changes before the code is finally accepted. A 
reviewer may make comments requesting changes to the 
code. The code submitter may respond to those comments 
and upload new diff files incorporating those changes. 
When the reviewer(s) agree with the changes, the code is 
marked for shipping (i.e. marked for inclusion to the pro-
duction branch). Again, a code review request may be reo-
pened after it is marked as “Ship it” if a defect is found or if 
the code author identifies a better way of solving the prob-
lem. In each case, comments would be added to the review 
request. Previous study indicates that the average number 
of comments in a review request thread was between two 
and three [7]. We revisit this question to determine how 
many comments reviewers and submitters typically make 
about a review request in ReviewBoard before the change 
is accepted. 

RQ7. How long does it take for a code author to receive the 
first feedback?  

The review process adds a delay to committing the code to 
the repository. If a code author does not receive timely 
feedback about her code changes, it might slow down the 
project. Therefore, it is important for a code-review request 
to be completed quickly. In this research question, we ex-
plore how quickly a reviewer gets her first feedback from a 
review request.  

RQ8. What is typical review interval using ReviewBoard? 

Poter et al. defined “review interval” as the time from the 
start of a review process to its completion [11]. A review 
process starts when the code author prepares an artifact for 
review and ends when the code author has addressed all the 
concerns and changes requested by the reviewer(s). As pre-
paring a diff file for a review request using the version con-
trol system does not take much time, we calculate the 
review interval as the time from the submission of the re-
view request until the final comment is recorded in Re-
viewBoard. This question was also explored in a previous 
study [14]. 

4. Research Method 
We used a two-stage research method. First, we created a 
list of candidate OSS projects that met two criteria: 1) the 
project has been actively using ReviewBoard for at least 1 
year, and 2) the project’s ReviewBoard data is publicly 
accessible. Second, to collect data, we developed a Java 
application to mine all the review requests posted to the 
ReviewBoards and insert the results into a MySQL data-
base. Third, we conducted the mining of all the available 
review requests from the ReviewBoards during the last 
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week of July 2012. Data analysis is still ongoing. This pa-
per includes the results from two OSS projects: Mu-
sicBrainz Server [3] and Asterisk [4]. We selected these 
two projects because they were in active development and 
their ReviewBoards have a large number of review requests 
posted. Both of these projects mostly use pre-commit re-
view process. If we obtain encouraging results from these 
projects, we plan to extend our analysis to other projects. 

The MusicBrainz server project is an open content music 
database written in Perl. Currently, the MusicBrainz data-
base contains information about 660,000 artists, 1 million 
releases, and 11 million recordings. Robert Kaye started 
this project in 2002. The current size of the codebase is 
around 90KLoc. The MusicBrainz project has been using 
ReviewBoard for the code review activities since April, 
2009.  

The Asterisk project is an open source platform for creating 
communication applications. It is written in C. Asterisk is 
currently the leading Open Source PBX software. Mark 
Spencer of Digium Inc. created the project in 1999. The 
first major release of the project was in 2004. The current 
size of Asterisk’s codebase is around 840KLoc. The Aster-
isk project has been using ReviewBoard since October, 
2008.  

To collect statistics on code commits, we mined the code 
repositories of these two projects using the OSS tool 
CVSAnalY [15]. For better comparison of the trends, we 
selected the same time interval for both projects. The first 
full month of data available for the MusicBrainz Review-
Board was May 2009. Therefore, we selected May 2009 as 
the starting point of our analysis interval. To ensure enough 
time for the completion of the review requests, we limited 
our analysis for the data until the end of April 2012. There-
fore, in our analysis we used the data from May 2009 to 
April 2012 (36 months). 

5. Analysis Results 
This section presents the results of the data analysis related 
to the eight research questions based upon the data mined 
from the repositories of the two projects described in the 
previous section. Along with the answers to each question, 
we also pose new questions that will be evaluated in future 
studies. 

5.1 How many people are participating in the code 
review process compared to the number of committers 
in the project? 

Table 1 presents the number of committers and review par-
ticipants during the three-year period included in our analy-
sis. We found that 24 contributors committed code in the 
MusicBrainz server repository. During the same period, 23 
contributors participated in the code review process. After 
crosschecking the two lists, we found that all the 23 con-
tributors who participated in the code review process, also 
made code commits. The committer who did not participat-
ed in the code review process only made a small numbers 
of commits.  

In the Asterisk project, 57 contributors committed code 
during the three-year period included in the analysis. Dur-
ing the same interval, 113 people participated in the Aster-

isk ReviewBoard. After crosschecking the two lists we 
found 46 contributors in common to both lists. We also 
noticed that, each of the top 15 code committers also partic-
ipated in the Asterisk ReviewBoard. 

The presence of people in the Asterisk ReviewBoard who 
do not have commit privileges can be explained by the As-
terisk’s ReviewBoard policy [5]. The Asterisk, Review-
Board is also used for patch submission. Any interested 
contributor can submit a patch directly to the ReviewBoard 
to obtain feedback and acceptance of their code. 

Based upon these observations, we can conclude that most 
of the core committers in the two projects also participate 
in the ReviewBoard activities. This situation might be ideal 
for projects with strong code review policies. It would be 
interesting to check whether this relationship holds true for 
other projects in our study and whether it holds for projects 
that use mailing list-based code reviews. These analyses 
will help determine whether ReviewBoard facilitates larger 
participation of the code authors in the review process.  

5.2 Are all code revisions submitted for peer review? 

During the three years period included in our analysis, 1150 
code review requests were submitted to the MusicBrainz 
server ReviewBoard compared with 9105 revisions in the 
MusicBrainz official Git repository. During the same inter-
val, 987 requests were posted in Asterisk ReviewBoard 
compared with 4595 source code revisions in Asterisk Sub-
version trunk. We know that some of the code submitted in 
a review request can be shipped more than one time, which 
results in multiple code revisions. However, we found that 
the proportion of such requests was relatively small (less 
than 15%). Again, some review requests are never accepted 
and those requests do not generate a new revision in the 
repository. Even though these two projects have strong 
code review policies that require all changes to be re-
viewed, we found that most of the changes were not sub-
mitted for review in these projects. It would be interesting 
to find out the proportion of reviewed code changes and un-
reviewed changes in other projects.  

We found that code authors do not always submit their 
code changes for review. Therefore, a code author uses 
some criteria to decide whether his code needs a peer-
review review. In the future, we want to analyze the factors 
that affect a code author’s decision to submit a code change 
for peer review.  

Table 1.  Number of committers compared to review 
participants 
Project Total # of 

Commit-
ters 

Total # of 
review par-
ticipants  

Partici-
pants com-
mon in the 
both lists 

MusicBra-
inz Server 

24 23 23 

Asterisk 57 113 46 
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