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Abstract 

The software testers inherently face the challenges of code coverage while designing test cases. Code 
Coverage is a measurement of how many lines, statements, or blocks of your code are tested using your 
suite of automated tests. The software testers remain committed to cover the full code and ensure 
quality outputs from the test suite. The code coverage effectiveness can positively influence a significant 
number of business decisions while impacting software quality. It is also a complicated task to select 
one effective tool for the coverage. Therefore, there is a need to assess the effectiveness of various code 
coverage tools in terms of the measured percentage to help the testers in choosing the right tool. This 
research work has been duly substantiated with experimental analysis involving EMMA, JaCoCo, 
CodeCover and Clover code coverage tools on the open-source projects. This experiment has calculated 
and compared respective byte and source code instrumentation coverage percentages of EMMA, 
JaCoCo, CodeCover, and Clover.  
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1. Introduction 

Code coverage, frequently used in software 
engineering more specifically in software testing 
domains, is a debatable concept in measuring 
the effectiveness of the overall testing process. 

More so the adoption of code coverage in 
software engineering disciplines is not universal 
(Horváth et al. 2019 and Inozemtseva, 2014). A 
survey conducted by IBM highlighted the 
importance of adopting code coverage towards 
the increase in the quality of the test suite 
(Piwowarski, 1993). Also, the code coverage is 
known to facilitate ease of use and scalability 
while managing code bases with one or two 
programming languages. In software industries, 
the most notable issue is which code coverage 
tool can be used for java environment? Code 
coverage tools can be used to find out the 
percentage of covered code like methods, 
branches, Line of Code (LoC), etc. Java supports 
several tools for code coverage.  

Irrespective of the chosen testing process, the 
code coverage helps the professionals involved 
in the software testing process in increasing the 
overall effectiveness of the testing process. Code 
coverage helps the software testing teams in 
focusing underrepresented or not represented 
areas in the code while cutting down on 
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duplicity of efforts. Also, code coverage allows 
the developers and the testers to work according 
to a mutually agreed framework of software 
development and software testing processes. 

As teams continue to shift to the agile 
development process, the code coverage can 
facilitate frequent interventions by the 
developers assisted with automated testing in 
reducing regressions of continuous changes in 
the code. Also, the code coverage can facilitate 
continuous monitoring of the automated test 
cases with the growing size of the code. 

A shifting trend from in-house development to 
outsourced one is posing two major risks in 
ascertaining the quality of the software projects. 
The first risk entails inadequate coverage of the 
code base, which would lead to the presence of 
major bugs in the code. The second risk would 
entail an improper definition of acceptance tests 
by the outsourced development partner. Code 
coverage can provide a satisfactory measure of 
quality control over the outsourced 
development work while motivating the 
organizations to consider code coverage 
thresholds as a project deliverable towards 
completion of the project. 

Including introduction this paper has six 
different sections, section 2 throws light on the 
popular open-source code coverage tools, 
section 3 defines the recent work published in 
this domain, the description of projects used in 
the experimental analysis have been explained 
in section 4 and its performance and results 
have been analysed and discussed in section 5. 
The study also focuses on comparative analysis 
of the three UI coverage tools-Chrome Code 
coverage Dev2, JS Cover and Istanbul. Section 6 
provides conclusion by giving some future 
aspects. 

 

2.  Popular Open Source and Byte code 
coverage tools  

This study includes two types of code coverage 
tools. The first category of tools is related to the 
source code while adding statements to the Java 
source code.  The second category of tools is 
instrumenting the byte code (before or during 
execution). In total four code coverage tools 
(Byte code and source code related tools) and 
five projects have been included in the study.  
The goal is to compare source code and byte 

code related instruments and find out the 
coverage percentage of code by each tool. 

JaCoCo: JaCoCo collects information related to 
byte-code instruction, branch, line, method, and 
class coverage while running the program. 
JaCoCo can help in collating the results from 
multiple executions of the same program with 
different inputs while displaying method 
complexity. JaCoCo can help in generating an 
initial coverage report even before the 
commencement of formal instrumentation. This 
feature allows the analysis of the first branch 
with partial coverage. JaCoCo facilitates the 
general structuring of the program. 

EMMA: EMMA, an open-source java tool, 
measures and reports the Java code coverage 
while supporting byte-code instruction, class, 
method, line, basic block (statements) coverage. 
EMMA can detect partial coverage of a single 
source code line while generating analysis 
reports in plain text, HTML, XML format.  

CLOVER: CLOVER is a popular source code 
instrumentation tool. CLOVER analyzes each line 
in the code while confirming whether it will be 
executed by a test case. Clover measures code 
coverage in line with the current development 
environment and practices. Clover helps the 
developers in quickly measuring code coverage 
without leaving the integrated development 
environment. Clover performs three types of 
coverage analysis: statement branch and 
method. 

CodeCover: CodeCover is an open-source code 
instrumentation tool, which provides a 
powerful, flexible and accurate way to show 
code coverage analysis. CodeCover supports 
statement coverage, branch coverage, loop 
coverage, and strict condition coverage. 
CodeCover performs source instrumentation for 
accurate coverage measurement.  

3. Literature Review 

(Lingampally & Jalote, 2017 and Yang, 2009) 
compared various coverage tools based on the 
different working style, tool usage, operability 
the features of the tool, as the results, 
researchers have presented the accuracy of 
different tools.  

Software testing professionals have formalized 
types of code coverage criteria such as 
statement, branch, and others (Fontana et al. 
2011and Bandwal, 2019) and instrumentation 
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methods or white box testing tools (Yang et al., 
2009). However, the code coverage still needs to 
correlate the best tool for almost complete code 
coverage. Though very much necessary, still 
research has countered the correlation of full 
code coverage with the effectiveness of the test 
suite (Inozemtseva & Holmes, 2014). 

(Kajo-Mece &Tartari, 2012 and Pathy & Baboo, 
2016) have worked on two java code coverage 
tools Emma and CodeCover.  For the 
implementation of these tools, they chose some 
sorting related programs and concluded that the 
CodeCover tool was performing well in a 
comparison of Emma. In this work a greater 
number of code coverage instruments for source 
and byte, on a different and open source data 
sets had been used in a more comprehensive 
analysis. 

(Dhareula & Ganpati , 2016 and T. Chiang & K. 
Wang, 2016) experimented to investigate how 
the results of two code coverage tools 
(CodeCover and Eclemma ) are consistent to 
understand the relationship between the code 
coverage and regression testing. As a result they 
found EclEmma is working more effectively in 
providing the detail of the covered code. 
EclEmma generates a code coverage report by 
providing information about individual test 
cases. Only one java application was used for the 
analysis with less number of tools. We have 
done our investigation using more number of 
tools and more java applications for better 
accuracy of the results and analyzed detailed 
coverage information as well. 

(Alemerien & Magel, 2014 and Merizio, et al., 
2021) have worked in the same field. In the 
experiment researchers were investigated the 
performance of various code coverage tools and 
results of code coverage tools in terms of line, 
statement, branch, and method coverage. After 
the investigation, they have safely concluded 
that in the case of branch and method metrics 
different code coverage tools give different 
results.  

They computed coverage information for each 
method individually and analyzed the 
differences of various results computed by 
different tools.  

(Nan Li, Xin Meng et al., 2013 and Outa et. al, 
2020) have concluded that out of 31code 
coverage tools only four code coverage tools 
actively measured the branch coverage. They 

further concluded that byte code 
instrumentation is not a proven technique for 
measuring branch coverage.  

(Horváth et al. 2019) proposed a new algorithm 
for test case prioritization based on the code 
coverage of the test cases. This algorithm 
proposed regression testing as well as 
regression test prioritization techniques for 
code coverage metrics. This regression test 
priority technique can organize the test cases 
based on their code coverage percentage and the 
ability to detect faults earlier. Comprehensive 
code coverage can facilitate the following 
benefits in the software development process. 

Product quality 

(Horváth et al. 2019 and Shahid, 2014) have 
highlighted the importance of suit quality by 
focusing on the ability of the suits to kill mutants 
(artificial faults).  

(Pathy & Panda, 2015 and Niemiec et.al., 2021) 
have concluded that the statement and branch 
coverage measure the quality of the code while 
checking the flow of different paths in the 
program for ensuring that paths are tested.  

(Horváth et al., 2019) have emphasized on byte 
code and source code instrumentation tools. 
Researchers have used separate code coverage 
tools for byte and source code coverage. In this 
work, to maintain the quality of the software, 
byte code instrumentation tools have been 
confirmed better in comparison with source 
code tools.  

(Williams et al., 2001) have stated that to ensure 
the software quality many development groups 
require 85% code coverage. Researchers have 
concluded that code coverage is significantly 
correlated with software quality.  

In this research (Kim, 2003) has emphasized 
identifying the efficient way of code coverage 
analysis for the software industry. And they 
have discussed a systematic approach of code 
coverage analysis based on previous findings 
and current findings of bugs. They suggested if 
the number of bugs can be reduced then it will 
directly influence the software quality.  

According to (Hemmati , 2015 and Fat &Vujovic, 
2016) Code coverage is one of the main 
techniques to measure the capability of code. In 
this paper, we studied several existing and 
standard control and data flow coverage criteria. 
They found a sufficient difference among the 
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type of coverage, and at last, the researcher has 
concluded that correct coverage flow is very 
useful to reduce the number of bugs and 
increase the product quality.  

User satisfaction 

(Yang & Zhou, 2019 and A. houshyar , 2015) 
researcher have given little attention to 
assessing the reliability of code coverage tools. 
In this study, they propose a randomized 
differential testing approach to hunting for bugs. 
They have concluded that there is a need to 
explore more code coverage tools to improve 
quality and user satisfaction.  

This is further of high significance that the end-
user is supplied with a product that is free from 
defects. A defect-free product will not only 
deliver the committed performance but will also 
contribute to the overall effectiveness of the 
business operation being supported with the 
software.  

Cost optimization in quality assurance 
process 

(Magalhães , 2020 and Gopinath, 2014) 
concluded that the aim is to provide a high 
coverage test plan which would maximize the 
number of bugs found. This can lead to cost 
optimization as with fewer efforts, the testing 
professionals can find the maximum bugs, which 
can ultimately help in overall cost optimization 
of the quality assurance process. 

 

4. Projects  Description  

We had shortlisted four code coverage tools 
based on the extensive literature survey and 
carried out the work on five different Java 
projects developed by the students to ascertain 
their respective user interface coverage 
effectiveness.  

Project 1- (JAVA Online test): This is a project 
developed in java. This Java online test simulates 
a real online certification exams. This project is 
based on core java concepts.  

Project 2- (Currency Converter): This is core java-
based project. It helps the user to convert the 
various foreign country currency in to the India 
rupees.  

Project 3- (JAVA Calculator): It is a java-based 
project. It helps to calculate the numeric digits to 
perform various mathematical operations.  

Project 4- (Producer and consumer problem): it is 
a java-based multi-process synchronization 
problem. 

Project 5- (Distance Calculator): This is a project 
developed in java language. It calculates distance 
the distance between two points.   

 

5. Performance Analysis and Results 

In this research empirical analysis has been 
done. The analysis includes a comparison of four 
code coverage tools (EMMA, JaCoCo, CodeCover, 
and Clover) employing the two instrumentation 
approaches (Byte code and source code). The 
analysis is conducted on five java projects. The 
total coverage percentage is calculated by all the 
tools to ensure the amount of code covered by 
the tools.  

Hence, we wanted to make sure that the tools 
selected for the analysis are good 
representatives of the instrumentation methods. 

 

5.1 EMMA code coverage results 

During the analysis, the researchers found that 
the EMMA code coverage tool is given the 
overall percentage of five different projects. In 
the given figure 1, project 1 is covering 93.2% of 
code, project2 is covering 77.5% of code, project 
3 is covering 70.3% of code, project 4 is covering 
74.3% of code and project 5 is covering 99% of 
code. 

Project1: Overall Coverage:93.2% 

 

Project2: Overall Coverage:77.5% 

 

Project3: Overall Coverage:70.3% 

 

Project4: Overall Coverage:74.3% 

 

Project5: Overall Coverage:99.0% 

 

Figure 1: Coverage of EMMA Tools in Projects 
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5.2 JaCoCo code coverage results 

During the analysis, the researchers found that 
the JaCoCo code coverage tool is given the 
overall percentage of five different projects. In 
the given figure 2, project 1 is covering 93% of 
code, project2 is covering 77% of code, project 3 
is covering 70% of code, project 4 is covering 
74% of code and project 5 is covering 98% of 
code.  

 

Project1: Overall Coverage:93% 

 

Project2: Overall Coverage:77% 

 

Project3: Overall Coverage:70% 

 

Project4: Overall Coverage:74% 

 

Project5: Overall Coverage:98.0% 

 

                                   Figure 2: Coverage of JaCoCo 
Tools in Projects 

 

5.3 CodeCover code coverage results 

During the analysis, the researchers found that 
the CodeCover code coverage tool is given the 
overall percentage of five different projects. In 
the given figure 3, project 1 is covering 90% of 
code, project2 is covering 73% of code, project 3 
is covering 68% of code, project 4 is covering 
87% of code and project 5 is covering 96% of 
code.  

 

 

 

 

 

 

Project1: Overall Coverage:90% 

 

Project2: Overall Coverage:73% 

 

Project3: Overall Coverage:68% 

 

Project4: Overall Coverage:87% 

 

Project5: Overall Coverage:96.0% 

 

Figure 3: Coverage of Code Cover Tools in 
Projects 

5.4 Clover code coverage results 

During the analysis, the researchers found that 
the Clover code coverage tool is given the overall 
percentage of five different projects. In the given 
figure 4, project 1 is covering 90.8% of code, 
project2 is covering 73.6% of code, project 3 is 
covering 74.4% of code, project 4 is covering 
92.6% of code and project 5 is covering 95.5% of 
code.  

Project1: Overall Coverage:90.8% 

 

Project2 : Overall Coverage:73.6% 

 

Project3: Overall Coverage:74.4% 

 

Project4: Overall Coverage:92.6% 

 

Project5: Overall Coverage:95.5% 

 

Figure 4: Coverage of Clover Tools in Projects 
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There is total five projects with four tools that 
resulted in four tables. 

 

5.5 Comparative analysis of all four code 
coverage tools 

In table 1, the researchers present the additional 
results of comparing the results of the four tools 
employing byte code and source code 

instrumentation: EMMA, JaCoCo, CodeCover, and 
Clover. According to the table in case of byte 
code the average difference is 0.46% but in case 
of source code this difference is 2.78%. with 
these differences calculation It is clear that 
EMMA and JaCoCo are giving the almost same 
coverage results in comparison of Clover and 
CodeCover. 

 

 

Table : 1Comparison of byte code–based tools         Table : 2 Comparison of source code-based 
tools 

 

Tool/ 
Projects 

EMMA JaCoCo Min and 
Max 
Difference 

Project 
1 

93.2% 93% 0.2% 

Project 
2 

77.5% 77% 0.5% 

Project 
3 

70.3% 70% 0.3% 

Project 
4 

74.3% 74% 0.3% 

Project 
5 

99% 98% 1.0% 

Average Difference  0.46% 
 

Tool/ 
Projects 

Clover CodeCover Min and 
Max 
Difference 

Project 
1 

90.8% 90% 0.8% 

Project 
2 

73.6% 73% 0.6% 

Project 
3 

74.4% 68% 6.4% 

Project 
4 

92.6% 87% 5.6% 

Project 
5 

95.5% 96% 0.5% 

Average Difference 2.78% 
 

 

6. Conclusion and Future Scope 

The main objective of this paper is to analyse the 
effect of the four code coverage tools on five 
subject programs. The result of our analysis 
confirms a significant difference between the 
result of byte code-based and source code based 
tools as Horvath (2019) had already concluded. 
According to the results, it is safe to conclude 
that byte code-based tools like JaCoCo and 
EMMA are performing well in a comparison of 
source code based tools like CodeCover and 
Clover. The average difference of the byte code-
based tool is less than the source code based 
tool.  

Our experiment has revealed that JaCoCo and 
Emma (byte code-based tools) are performing 
better than source code-based tools. These 
findings would be of growing importance to the 
researchers and the testing professionals in 
choosing the right tools for ensuring maximum 

code coverage leading to a better quality of 
software applications. 

 

The study can be concluded with the suggestion 
for the developers and the testers community to 
ensure the comprehensive code coverage for 
error free operations of software products. 
Further, the communities can suitably reply on 
byte code-based tools like JaCoCo and EMMA for 
significantly achieving maximum coverage of 
java code. In future these tools can be applied 
specially on java projects of different domain 
giving directions to testers towards java code 
coverage. More utilization of the above-
mentioned tools will ensure comprehensive Java 
code coverage leading to less bugs and error free 
operations. 
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