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ABSTRACT 

Currently FLOSS projects present a new perspective on the concept of contribution in the creation of systems. 

However, the quality of these projects has been the subject of debate. One way to ensure software quality is to 

analyze the quality of your tests. The impact of inadequate testing, which does not detect flaws, leads to poor 

software quality, higher development costs, and delays in delivery time. In this dissertation, we analysed 16 FLOSS 

projects with tests, loaded from the Github repository, in order to evaluate the quality of the test suite in the 

detection and diagnosis of failures. Also, the type of test most present was evaluated, and if the size, duration and 

number of participants of a project affect the quality of the tests. The results showed that only 4 projects presented 

a high percentage in the detection of failures, demonstrating quality in their tests. Projects with a smaller number 

of lines of code and less time of duration, present more quality in the tests in relation to those that have a greater 

number of lines of code and more time of duration. The number of contributors in projects does not entirely 

represent the writing of good tests. Likewise, the analysis showed that the diagnostic capacity of the tests in 

locating failures is very low and the most written tests are those of unit. 
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1. INTRODUCTION 

Conducting software testing is a common practice among programmers, because they function as a mechanism to 

control quality. They aim to verify if the system does what is requested, if it does not do what is not defined, and 

how it behaves in predicted and unforeseen situations. According to Sommerville (2011) the test is intended to 

show that a software does what it is proposed to do and to discover the defects of the program before delivery. The 

main purpose is to ensure the quality of the system, for this purpose, it is necessary to write good tests. Poor quality 

or inefficient tests, fail to guarantee or play their key role, result in wasted time, require high maintenance and 

consequently, cause great losses. Therefore, testing activity should be considered as a fundamental process in the 

development of good software. However, how can you guarantee the quality of the tests, how can you say how 

good our tests are. This dissertation has as focus to perform critical analysis of the quality of the tests in FLOSS, 

through the application of tests metrics. At first, without the knowledge gained through appropriate metrics, one 

can not know how good or bad the test set is. According to Sarialioglu (2014), without any metrics and measures, 

software testing becomes a meaningless and unrealistic activity. Therefore, two test metrics, mutation coverage, 

were used to analyse the effectiveness of the test suite in detecting defects and the DDU (Perez et al., 2017), which 

is used to evaluate the diagnostic capacity of a set of tests on locating bugs in a system.  

The study is aimed at open source projects that have tests. FLOSS is a matter of user freedom, that is, it is a virtual 

organization composed of a group of people dedicated to creating and maintaining software contributing to a 

common knowledge base (Fuggetta, 2003). It is currently considered a new development model because it has a 

growing impact on software programming. Many companies rely on open source and free systems such as 

databases and Web servers to perform their basic operations (Coelho et al., 2018). However, the quality of these 

projects has been the subject of debate. Although some studies argue that they can produce high-quality code 

(Bianco et al., 2010), critics make a correlation because the project is open-source, programmers tend to neglect 

and abandon them, affecting greatly on quality (Crowston et al. Howison, 2006). These projects were uploaded 

from a hosting environment called Github that allows registered users to contribute to FLOSS projects from any 

geographic point. Another purpose of the study point is to analyse which tests are most present in FLOSS, and to 

see if the size, duration, and number of contributors to a project affect quality. 
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2. RELATED WORK 

In this section, we highlight studies on software testing, FLOSS, quality metrics and the practice of FLOSS testing. 

 

2.1. Software Testing 

Over time, the definition of software testing has become confusing from the point of view of the programmer, 

analyst, manager, tester and the customer. Understanding the true test definition can make a huge difference in the 

success of the program. Let's look at some definitions of software testing according to the view of different authors. 

According to Sommerville (2011) the test is part of a broad process of verification and validation. They are often 

confused. One of the pioneers of software engineering, succinctly expressed the difference between validation and 

verification, and validation answers the following question: Is the right product being constructed? The verification 

answers the following question: Is the product being constructed in the right way? The verification and validation 

processes aim to verify that the software in development meets its specifications and offers the functionality 

expected by the client. They also aim to establish confidence that the software is complete for its end use. This 

means that the system should be good enough. 

 Myers et al. (2012) define that software testing is a process, or are several processes, designed to ensure that the 

computer code does what is designed and, conversely, do nothing unintentional. They also point out that the test 

is performed with the purpose of detecting errors in the system. The software must be predictable and consistent, 

that is, it should function as expected by the user. However, the tests can not fully demonstrate whether a software 

is defect-free or whether it will work as expected in any situation. It is always possible that among the various tests 

created, one of them is not tested, and this same test could contribute to the discovery of more system failures.  

 

2.2. Free Open Source Software (FLOSS) 

The FLOSS software programming model was previously viewed by the community as unconventional and 

disorganized. Today, there is a large community of individual users who support and promote projects. This 

phenomenon is particularly strong and visible in industrial and academic research (Fuggetta, 2003). In fact, it's 

just another programming method that should produce the same results as any other method. According to Jensen 

et al. (2004), there is a tendency to see FLOSS software as a new and different approach to software engineering. 

However, with the massive adherence of this model and the success of some projects such as Linux, Apache, 

Mozilla, among others, and as emphasized by Godfrey and Tu (2000), today there are many successful projects 

with a quality equal to or higher than software owners. However, what can be understood from FLOSS? There is 

a debate about defining what is meant by FLOSS and Open Source. 

 According to Fuggetta (2003) there are two different interpretations currently used. FLOSS is a matter of freedom, 

not of price. To understand the concept, one must think of freedom as in "freedom of expression". It is a question 

of users, they have the freedom to execute, copy, distribute, study, change and improve the software. Since the 

meaning for Open Source, one should think about allowing the programmer to see the source code. This is a much 

weaker criterion than free software, it includes free software, but it also includes half-life programs and even some 

proprietary programs. This work focuses on FLOSS projects only. One of our goals is to analyse how the work 

among programmers, given the complexity of the project can affect the quality of the tests. That is, the tests written 

by these FLOSS project programmers, are good enough to guarantee the quality of the software? Thus, in the 

context of this dissertation, a FLOSS project is a virtual organization composed of a group of people dedicated to 

the creation and maintenance of software contributing to a common knowledge base.  

In general, FLOSS software is one of the most important phenomena today. However, the quality of these projects 

has been the subject of debate. Although some studies such as de Bianco et al. (2010) argue that these projects can 

produce high-quality code, other studies are correlated by the fact that the project is free and open source, are 

constantly neglected by programmers or even abandoned. They may have an inadequate testing process, little or 

no planning. Proprietary system vendors feel threatened and, in this way, accuse these communities of FLOSS 

programmers are just a group of teenage hackers working alone in their rooms and in whom they have no 

experience. Fuggetta (2003) points out that there is a confusing interaction of ethical, commercial and technical 

motivations. Crowston and Howison (2006) emphasize that a healthy community is important to the success of the 

project. Healthy communities are usually onion shaped, as shown in Figure 6, with distinct roles for programmers, 

leaders, and users. The people involved have the participation classified by the role they play. As the image below 

shows, in the center we have: 



 

Figure 1. Healthy communities for FLOSS projects (adapted from Crowston and Howison) 

Core programmers or main programmers: those with privileges to commit the code in the repository. They 

have a strong record of contribution to the project. This group can be very small, usually from three to ten, is 

suitable for most projects. However, in the study of the Apache project, the main developer team, made up of 15 

people, performed more than 82% of the system functionality coding (Mockus, 2002). Ideally, the main group 

should be small, with a certain number to facilitate the control of their activities. 

Project leaders or founders: A strong leader or leadership group can lead a project with turbulent start to maturity 

and stability. Unlike the FLOSS mythology that anyone can lead or make their contribution and be accepted, many 

leaders make decisions without seeking much membership. This autocratic style is not necessarily bad if decisions 

are supported by the community, but taken to the extreme, can inhibit the contributions needed for further growth. 

In the other layer of the onion around the main programmers we have: 

Co-programmers: Those who write code but who have not yet gained or gained access to the code commit. 

Typically, they submit patches for review by core programmers before they are included in the code base, and by 

exhibiting interest and skill, can migrate to the core, in other words, those programmers will also get committer 

rights to their changes directly in the project. Programmers choose to contribute to FLOSS projects for a variety 

of reasons. Researchers have discovered that they contribute their time and effort to intrinsic motivations, such as 

intellectual stimulation, and extrinsic motivations, such as improving skills. 

Most programmers make simple initial contributions, such as bug fixes, to meet some needs. Several of these 

programmers choose to continue to participate in the project, evolving from a "necessity" participation to a 

"hobby". A healthy community relies on volunteer and motivated programmers. Active users: These people are 

part of the wide circle of onions, they contribute to testing new releases, writing bug reports and documentation. 

They also play another important role, answering several questions about software configuration for key 

programmers and passive users. According to Aberdour (2007), these users help ensure that the core team is not 

burdened with bug fixes. 

Passive users: those who use the software without any contribution. They perform functional testing of the 

software, but generally do not report errors when they find them. 

In general, the FLOSS software development cycle is very different from traditional software development, which 

consists of a set of steps such as analysis, planning, design and implementation. Typically, the planning, analysis, 

and design phases are typically performed by project leaders. It is vital for the survival of the project that the core 

decides on a design solution before inviting additional programmers to contribute. Jensen et al. (2004), indicate 

that, according to Feller and Fitzgerald (2002), the FLOSS cycle is based on the following phases: Code; Review 

of the code; Pre-commit test; Release schedule; Parallel debugging and stable product release. The programming 

cycle is totally different, but you can develop high quality software. The success of software has led many 

researchers and experts to believe that open source can really be the answer to the software crisis. Some even 

believe that soon, the software’s will all be free and open source, and those who do not opt for this practice will 

be excluded.  

 



2.3. Tests in FLOSS 

Testing practice in software development can influence system quality, time and maintenance. Nonetheless, 

development communities are reluctant to create and execute the set of tests that are appropriate to the needs of 

the software. This is since the test practice can be very exhaustive, and boring. According to Tssay (2002) the test 

activity accounts for 40-70% of the time and cost of the complete system development process. Given the situation 

described above, is FLOSS software created by volunteer programmers in often uncontrolled circumstances of 

quality? Many studies conclude that testing FLOSS is a problem. According to Zhao and Elbaum (2003), 80% of 

FLOSS programmers do not create test plans. An empirical study of FLOSS projects in the use of tests showed 

that of the 20,817 projects studied, 38.34% of the total projects did not contain test cases and the remaining 61.65% 

of the projects had one or more test cases. (KOCHHAR et al, 2013).  

However, although studies prove the inefficiency and absence of FLOSS tests, other studies guarantee that the 

community has created an active method for the execution of the testing phase. It all starts with developing the 

code that is submitted for review. If the code is considered valid by key programmers, it will be tested for 

certification that it contains no bugs and avoid breaking anything in existing code. Failures are found and resolved 

more quickly due to users, who report bugs to programmers to be fixed. In FLOSS projects, the testing phase 

occurs simultaneously with the software coding phase. But what tests are written by this community? According 

to KOCHHAR et al. (2013) programmers usually write unit test cases to test their individual modules or functions. 

Therefore, unit tests are quite accomplished in these projects. It is believed that the code is written with more care 

and creativity because programmers are only working on things for which they have a real passion, in addition to 

exposing their programming skills. One of the best-known FLOSS project cases is Mozilla software.  

According to Mockus et al. (2002), commits are tested with every daily software build. If this build fails, 

programmers take the trouble to resolve the parts that are failing. Also, bugs found during this process are published 

daily, so programmers are aware of them in future versions. In addition, there are test teams responsible for 

maintaining test cases and test plans in various parts of the project. In the development of FLOSS projects, the 

success of the detection and correction of errors throughout the life cycle, and during the system test, depends 

much less on the rigor of the process (Aberdour, 2007). Instead of focusing on delivering high-quality versions, 

the method makes it available early and often results in continuous improvement as there are many developers 

contributing iterations, enhancements, and fixes. The following section presents two approaches that facilitate and 

improve this process. 

 

2.4.  Continuous Integration and Continuous Delivery 

Continuous Integration (CI) is emerging as one of the greatest success stories in automated software engineering. 

CI systems automate the compilation, construction and testing of software. It is considered a software 

programming practice, in which participants frequently integrate or join their code changes in a central repository. 

Usually each person includes at least daily, leading to multiple integrations per day. Each integration is checked to 

detect integration errors as quickly as possible (Fowler, 2006). The main goals of continuous integration are to 

find and investigate bugs faster, as well as improve software quality and reduce the time it takes to validate and 

launch new software releases. Hilton et al. (2016) conducted a study in which about 34,544 FLOSS projects from 

Github were analysed. One of the objectives of the research was to verify the percentage of projects that used CI. 

From the sample studied, it was found that 40% of the projects used IC, and Travis was the most used system.  

This practice is widely used in our day, and more popular projects are more likely to use it. FLOSS teams of 

programmers use contiguous integration because it helps them detect bugs and ensure release of releases twice as 

much as those that do not use them. However, many FLOSS do not use this practice. The research also found that 

the most common reason why projects do not use CI is that developers are not familiar enough with this practice. 

Continuous Integration automatically creates and runs unit tests on new code changes to immediately highlight all 

errors. With more frequent testing, the team can discover and investigate bugs faster, and prevent crashes. Another 

practice used by FLOSS project programmers is continuous delivery (CD). It is an approach used to minimize the 

risks associated with launching software and new features. Make sure that the system can safely be released at any 

time (Chen, 2015). Providing software updates can take a lot of work and be time consuming. Continuous delivery 

reduces the risks and efforts associated with this process by ensuring that every change made to a program code is 

delivered to users more often. Teams can make the programming process more efficient, less risky and get users' 

opinions faster (Kristen, 2018). If production problems are encountered, they can be more quickly eliminated 

simply by launching the next update. The adoption of CI / CD practices allows teams to tailor their systems on 

demand to meet user input, market changes and requirements. Continuous integration and delivery mean 

continuous quality. 

 



2.5. Test Quality Metrics 

In order to know if a certain system has quality, it is necessary to define metrics. According to Pressman (2011), a 

metric is the measurement of an attribute (properties or characteristics) of a given entity (product, process or 

resources). Thus, software metrics are the means by which software quality can be measured. The purpose of the 

metrics is to make a judgment about quality, in other words, a system can be evaluated using several metrics and 

from that measurement, deduce a value for the quality of the same. They offer confidence to the software. Metrics 

can be very useful to the development lifecycle and to practice testing. According to Fenton and Bieman (2015), 

software metrics are needed to guide programmers (measure system characteristics to get a sense of whether the 

requirements are consistent and complete, whether the design is of high quality, and whether the code is ready to 

be released). They guide project managers (measure process and product attributes to know when the software will 

be ready for delivery, and if a budget will be exceeded), as well as end users (measure the key points of the system 

to determine if it meets the requirements and whether it is of quality). According to Sarialioglu (2014), without 

any metrics and measures, software testing becomes a meaningless and unrealistic activity. Without the knowledge 

gained through appropriate test metrics, we can not know how good or bad the test is. There are several test 

measures, but for this dissertation the purpose is to choose metrics that help understand the quality of written tests. 

 

2.5.1. Mutation Coverage 

It is a practice used to create tests and evaluate the quality of software testing. It consists of introducing defects in 

the program code in an intentional way in order to verify if the tests are good enough to identify such defects 

(Andrews et al, 2006). This technique is used as a metric to analyse the effectiveness of the test suite in detecting 

faults, that is, identifying parts of code that are insufficiently tested and weak tests (which rarely kill or identify 

mutants). According to (Kirk, 2018) mutation testing is very simple. The idea is to change the program code and 

cause the tests to fail. When the defects or mutation are automatically entered the source code, the tests are 

executed. If the tests fail then the mutation is killed, but if the tests pass, then the mutation is live. That is, when 

the tests fail before a mutation, it implies that the set of tests was able to locate the faults imposed and the mutation 

is considered killed. But if the tests pass, it means that the test suite failed to locate the faults and is considered a 

mutation. In view of this, the quality of the tests is measured from the percentage of killed mutations. 

 

 

 

 

A mutation is a single syntactic change made in the program statement. Each mutant program must differ from the 

original program by a mutation. As seen in the table below, a simple example of an original program and another 

mutant. 

Table 1. Difference between primary program and mutant 

Primary Program Mutant Program 

if (x > y)  if (x < y)  

Print "How good are my tests?" Print "How good are my tests?" 

else  else  

Print "My tests are not good."  Print "My tests are not good."  

 

2.5.2. DDU 

This is a new metric called DDU and aims to evaluate the diagnostic capability of a set of tests using the fault 

location approach by spectrum. The purpose is to ensure that the test suite is not merely an error detection 

mechanism, but also serves as an effective diagnostic aid, which helps fault localization techniques to accurately 

identify the location of bugs in the system. According to Perez et al. (2017) experiments show that optimizing a 

set of tests using the DDU companion metric produces a 34% gain in the accuracy of the spectrum-based fault 

localization report when compared to the standard branch coverage metric. A companion metric considers 

execution information by test, can provide more information about the overall quality of a test suite. The DDU 

combines three diagnostic metrics that capture characteristics of the activity matrix, which are density, diversity, 

and uniqueness. The purpose is to realize that set of tests programmed in FLOSS projects result in a high or low 

value. The diagnostic capability of the test suite is evaluated as follows: 

 

(1) 

Mutations killed 

Percentage       =  
Number of mutations killed 

Total number of mutations 

 

( 

 

) 

 

X 100 

 



Table 2. Test Suite Diagnostics 

Value of DDU Capacity of diagnosis of tests 

1 High 

0 Low 

By using test metrics, we can not fail to consider the complexity of the systems being tested. Evaluating system 

quality is critical, and for testing, quality is strongly based on the number of defects found. These defects serve 

as indicative of the need for change. There are many metrics, and defining which ones are the most important is 

difficult because they will depend on the goals of the job. However, test quality metrics answer the question 

"how good are my tests?" 

3. METHODOLOGY 

FLOSS projects were uploaded from Github, because this repository is now one of the most used and it facilitates 

us to withdraw the real projects. In order to facilitate the study, considering the large number of existing projects, 

a sample of 16 FLOSS projects were defined, programmed in Java and have tests. Java projects have been chosen 

because they can be run on different computers, if they have a Java Runtime Environment (JRE) installed, a Java 

code can be run on it. According to Luckow et al. (2014) new tools come up every day, and this is the fuel that 

makes constant evolution of this language. The projects were also chosen by the current date of their continued 

development, projects that had their last commit between 2016 and 2018, since many of the projects in Github are 

abandoned and others unfinished. To select the 16 projects among the many existing ones, we used the "Github 

Java Corpus" which is a collection of large-scale Java code. 

 

This collection of code can be used to study the practice of coding in Java. Contains all project code crawled by 

git with all associated files. FLOSS projects are not developed by them, so it is important to respect the license of 

each project. In order to better ensure the quality of project choice, "Github Java Corpus" has filtered individual 

projects that have been forked at least once. For each of these projects, the URL, project name and language were 

collected. Among the "Github Java Corpus" projects, the 16 selected projects were extracted from main projects. 

Major projects are those that have more popularity, defined as the number of forks, plus the number of watchers. 

Another aspect that considered was the type of tool used. The selected projects were developed with the tool 

Maven, tool for management and automation of project construction that stimulates the use of best practices of 

organization, programming and maintenance of projects. This aspect was fundamental, therefore, facilitated in the 

application of certain metrics that are adequate to this work. 

  

3.1 Metrics selection 

 

In this work several metrics were presented to evaluate the quality of the set of tests. However, for the analysis of 

the tests we will use only the mutation coverage metric and the DDU. The choice was based on the advantages 

and the way of using each of them. Mutation coverage is a powerful metric, was considered effective to evaluate 

the quality of the test set (Madroal et al., 2014). Capable of thoroughly testing the mutant program and presents a 

good level of fault detection. This is the method that checks the effectiveness and accuracy of a test to detect 

system errors.  To evaluate the quality of the tests with this metric, we used the popular and open-source PIT tool 

that has been widely used. The Pit allows you to generate a report with the percentage value of the number of 

failures identified. The DDU metric designed to evaluate the effectiveness of a set of tests in diagnosing possible 

code failures. It performs the combination of three characteristics, the moderate density of component 

involvement, the high diversity of test cases, and high concentration of components without ambiguous 

involvement. Through these characteristics, the DDU ensures that distinct combinations of components are 

exercised in order to maximize the utility of the SFL. The goal is to ensure that the test suite is not merely error 

detection mechanisms, but also serves as effective diagnostic aids, which help fault localization techniques to 

accurately identify the location of bugs in the system (Perez et al., 2017). To evaluate the quality of the tests with 

this metric we used a plugin ddu-maven-plugin1, which produces a report that provides values. This report allows 

us to know the diagnostic quality of all the tests evaluated. 

                                                           

1 Plugin maven, which runs the test cases of Java software and calculates various metrics such as the density, diversity, 

uniqueness, and DDU value of each project. 



4. EVALUATION 

In this section, we applied the mutation coverage and DDU metric, to evaluate the quality of the set tests, and 

reported the results. 

 

4.1. Mutation coverage metric application 

The table below shows the quality of failure detection of the tests in each project. It was decided to show the 

number of classes, of mutations created, killed, live and the percentage of coverage of each project.  

The results show that of the 16 FLOSS projects loaded from the Github repository, only 4 reached the level of 

coverage desired to evaluate the quality of the test suite. As mentioned above, Cornnet (2013) reports that code 

coverage of 70 to 80% is a reasonable goal to evaluate the quality of the test set. Andrew et al. (2006) concluded 

in their study that reaching coverage levels close to 100% appears to be effective in detecting failures. The Petclinic 

project exhibits 86% coverage, exceeding the reasonable goal value, had 109 mutations created, 94 of them were 

considered killed, which informs us that the set of tests was able to locate most of the faults placed, thus 

guaranteeing the quality of the test set. Likewise, the Otto project and Mp3agic reached 79% coverage, in which 

Otto presented 131 mutations created, where 104 of them were killed. Already Mp3agic, with 2062 mutations 

created, in which 1451 killed. Also, the MarkdownJ project, shows 75% coverage, of the 169 mutations created, 

127 of them were killed 

 

Table 3. Quality of test failure detection in each project 
 

 

In contrast, most projects had a very low failure detection rate. For example, in the Gcviewer 3343 project 

mutations are experienced, meaning that many test cases have ignored the introduced errors, implying that the set 

of tests for this project does not effectively play the key role, which is to detect flaws and verify that the software 

is working as expected. Likewise, the jedis project and CommaFeed obtained a very low coverage percentage, 

equivalent to 6%, showing that their tests do not have quality. Therefore, the analysis shows that of the 16 

software’s studied, only 25% show quality in their tests. This indicates that many programmers (communities) of 

FLOSS have despised the activity of tests, therefore, the software tests are presented inadequate or without quality. 

The study conducted in 2013 on 20,817 FLOSS projects showed that 38.34% did not contain tests. Although 

studies prove the inefficiency and lack of FLOSS testing, other studies have shown that the community has evolved 

over the years and improved methods to provide quality software. 

 The study by Hilton et al. (2016) in which they analyzed 34,544 FLOSS projects collected from the Github 

repository showed that 40% of the projects use CI. FLOSS teams of programmers use seamless integration and 

delivery because they help them detect bugs and ensure release releases faster. Integration and continuous delivery 

mean continuous quality. These approaches are widely used these days. Table 3 shows the quality of failure 

detection of the tests of each project considering the size, duration and number of contributors of the project. To 

do this, the following information is presented in the table, "Number of rows", which represents the number of 

lines of code, "No. of branches", represents separate parts of the project in which one or more programmers work, 

Name of Project 

 

Nº of 
classes 

 

Mutation created Mutation killed Mutation live  % Mutation cover 

Gcviewer 139 5444 2101 3343 39% 

Jsoup 56 4711 3083 1628 65% 

Petclinic 16 109  94  15  86% 

MarkdownJ 6 169 127 42 75% 

Jedis 67  5172 306  4866  6%  

Springside4 15 257 64 193 25% 

VertexJersey 21   300  160  140  53% 

CommaFeed 127  3200 193 3007 6% 

Otto 311 131 104 28 79% 

Wicket-Bootstrap 174 1536 406 1130 26% 

Couchd 31 827 180 647 22% 

MobArena 203 4443 166 4227 4% 

Mp3agic 31 2062 1451 611 79% 

TProfile 30 727 9 718 1% 

BungeeCor 40 1349 16  1333 1% 

Robovm 49 1284 24 1260 2% 



"Contributors" consists in the number of programmers involved, "Project duration", the duration of the project that 

runs from the creation day to the last commit. 

 

Table 3. Quality of tests in relation (size, duration and number of contributors) 

 

 

 

 

 

 

 

 

 

 

 

 

 

The results show that projects with a smaller number of lines of code and shorter duration of time, have more 

quality in the tests in relation to those that have many lines of code and more time of duration. For example, the 

Petclinic project which has 226 lines of code and lasts 3 years in relation to the Jedis project with 8474 lines and 

lasting 9 years. This can occur because projects with fewer or smaller lines of code are easier to test and slightly 

faster in analysis with automated tools, saving time and cost in software programming. Already projects with many 

lines of code are called complex projects.  

According to Meirelles (2013) the greater the complexity of software, the more difficult it is to understand its 

source code for maintenance and evolution. Over time, the project may lose its ability to add new functionality 

and fix errors, and hence its ability to evolve and meet user needs. It is also noted that Gcviewer, which has 8345 

lines of code, with a duration of 5 years and the project Jsoup with 7326 lines that lasted 8 years, did not show 

quality in all its tests. While programmers are tackling previously encountered errors while adding new features, 

they produce complex software containing more subtle bugs that are harder to detect and manipulate. On the other 

hand, it turns out that the number of participants in projects does not necessarily represent the writing of good 

tests. Ahmed et al. (2011) emphasize that projects with many programmers do not represent better quality of code. 

The Jedis project with 144 contributors, shows a higher number compared to the others, did not present quality in 

the set of tests, with only 6% coverage. Similarly, the projects, Jsoup with 69 and BungeeCor with 95 contributors. 

This is likely, therefore, many participants throughout the programming of the software, end up losing the interest 

of the project and abandon.  

There are cases of beginner contributors who are part of the community but are not accustomed to the testing 

culture. They need to learn how activities work, and that takes time. Others act as passive users, use the software 

without any contribution, preferring to gain experience with project programming. They usually do not report 

errors when they encounter them, so they do not add value to the system. Of the 16 FLOSS projects analyzed, only 

3 presented in their documentation the explanation of how participants should test the project. While the rest did 

not mention the practice. A study to understand the culture of FLOSS contributor testing showed that when project 

documentation does not require or explain how each member should participate in the writing of the tests, many 

do not contribute to the activity (Pham, 2013).  

Another motive that influences the community to neglect the tests are the policies implemented by the unit. Many 

leading programmers do not require testing from other participants if only a few lines of code are changed. 

Contributors should understand the functioning of a healthy community in order to follow the given policies, so it 

is possible to achieve a high-quality FLOSS project (Aberdour, 2007). A healthy community is important to the 

success of the project (Crowston, 2006). 

  

 

Name Project Nº of 

classes 

 

Nº of 

branches 

Contri 

butors 

Duration of project % Mutation 

 cover  

Gcviewer 8345 33 5 5 39% 

Jsoup 7326 1 69 8 65% 

Petclinic 226 2 48 3 86% 

MarkdownJ 519 4 5 6 75% 

Jedis 8474 8  144 9 6%  

Springside4 611 2 21 7 25% 

VertexJersey 634 5 6 6 53% 

CommaFeed 3916 5 71 5 6% 

Otto 3927 7  41  7  79%  

Couchd 1720 17 24 10 22% 

MobArena 8035 5 11 1 4% 

Mp3agic 2752 2 18 6 79% 

TProfile 1414 2 8 7 1% 

BungeeCor 640 5 95 6 1% 

Robovm 2362 2 19 4 2% 



4.2. DDU metric application 

The purpose is to realize that sets of tests programmed in FLOSS projects result in a high or low value. Thus, we 

analyze the projects under study, loaded from the Github repository in order to obtain the report with the values 

that allow us to know the diagnostic quality of the evaluated tests. As shown in Table 4, the density metric for the 

GCView project has a value of 0.0517. 

Table 4. GCViewer - DDU metric result 

Density 0.0517 

Diversity 0.9992 

Uniqueness 0.0767 

DDU 0.0079 

This value is below the lower limit set, demonstrates that much of the code is not involved in the testing activity. 

Diversity presents a value very close to the ideal value, showing that the set of tests have different patterns of 

activity. However, uniqueness has a low value, meaning that many components of the activity matrix have identical 

activity patterns, i.e. the components are involved in the same test cases. The DDU displays 0.0079, so we can 

conclude that the diagnostic capability of the project's test suite is very low. 

Other information: Because the density value helps guide the programmer in writing tests, and the GcViewer 

project has 0.0517, value less than 0.5, it is advisable to write tests that cover many components, so it would be 

appropriate to write more integration tests and system. Thus, we conclude that this project has more unit tests. 

During analysis, the values do not differentiate much between the projects, which allowed us to make a general 

conclusion in the analysis of the same. All projects showed the density below the lower limit, demonstrating that 

much of the code is not involved in the testing activity. Diversity presents an ideal value in more than two projects; 

however, the majority presented the minimum value, implying that the set of tests have identical activity patterns. 

Uniqueness presented a very low value in more than 4 projects, meaning that many components of the activity 

matrix have identical activity patterns. 

 

Table 5. DDU metric result of other projects 

Name of projet Density Diversity 

 

Uniqueness  DDU 

Jedis 0.0085 0.6516 0.0193 0.0002 

Springside4 0.1804 1.0000 0.0956 0.0345 

Wicket-Bootstrap 0.0683 0.9947 0.0747  0.0101 

VertexJersey 0.0305 0.9970 0.0052 0,0052 

MarkdownJ 0.3984 0.9810 0.0985  0.0770 

CommaFeed 0.0130 0.9890 0.0341 0.0009 

Otto 0.1982 0.9984 0.1865  0.0738 

Couchd 0,0427 0.9930 0.0893 0.0076 

MobArena 0.0089 0.9950 0.0340  0.0006 

Mp3agic 0.0188 0.9986 0.2008 0.0076 

TProfile 0.2321 0.6667 0.0380  0.0118 

BungeeCor 0.0640 0.7238 0.1800 0.0167 

Robovm 0.0199 0.9962 0.0118  0.0005 

Jsoup 0.1010 1.0000 0.1966 0.0397 

Spring-petclinic 0.1128 1.0000 0.3251 0.0733 

 

The DDU presented very low values concluding that the diagnostic capacity of the set of tests of the projects is 

very low. For example, the Jedis project, with the highest number of contributors and number of lines of code, 

presented the lowest value. Also designs Robovm and MobArena. However, it turns out that tests in FLOSS 

projects are not written to help the tools of fault location in the code, they only act as fault detectors. You can also 

see that more unit tests are written. According to KOCHHAR et al. (2013) programmers typically write unit test 

cases to test their individual modules or functions. Therefore, unit tests are quite accomplished in these projects. 

Therefore, it is suggested that project developers write more tests that cover more components, such as integration 

tests. 

 



5. CONCLUSION AND RELATED WORK 

The results of the analysis using the mutation cover showed that among the 16 FLOSS projects analysed 3 reached 

the desired coverage level of the reasonable target between 70 and 80% to evaluate the quality of the test set and 

1 obtained above the value with 86 %. That is, the tests of 4 projects demonstrated a high percentage in the 

detection of failures, indicating quality in the set of tests. While the remaining 12 failed to locate most of the faults 

imposed. Indicating low quality in the set of tests. As for the quality of tests in the detection of failures taking into 

account the size, duration and number of contributors of the project, the results of the study showed that, projects 

with fewer lines of code and less time of duration, present higher quality in the tests in those with the highest 

number of lines and duration. Also, the number of participants in projects does not necessarily represent the writing 

of good tests. On the other hand, in the use of the metric DDU the results showed that capacity of the diagnosis of 

the tests in the localization of failures is very low. Thus, the results demonstrate that the tests are not written for 

the purpose of accurately locating the software code failure. However, the density of the designs also presented 

very low values, indicating that programmers mostly write unit tests. In this way, it is suggested that programmers 

write more integration tests. For future work, it would be interesting to repeat the analysis with a larger number of 

FLOSS projects, in order to obtain more information about the quality of the tests programmed by the communities. 

Another study would analyse different versions of a same FLOSS project, to see if there is an evolution in the 

quality of the tests. 
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