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Abstract 
 
Regression testing is an important and costly strategy in software testing. To decrease its cost, many methods have been proposed includ-
ing the test case prioritization methods. The aim of the prioritization methods is to define an ideal order of test cases that allows for high-

er coverage and early fault detection with minimal number of executed test cases. However, the problem with most of the existing test 
case prioritization methods is the random sorting of test cases when two or more test cases record equal priority values. In this paper, the 
effectiveness of an enhanced weighted method using a unique priority value, UniVal, is proposed. Unival prioritizes test cases based on 
code coverage criteria with information from history of previous executions.  In addition, a controlled experiment was executed, and the 
results were statistically analyzed to assess the effectiveness of the proposed method. The results indicates better performance with re-
gard to prioritize test cases and achieve higher APFD values.   
 
Keywords: Regression testing; Software testing; Statistical test; Test case prioritization; Unique priority value. 

 

1. Introduction 

Software testing is the procedure of authenticating and evaluating 
the functionality of a software artifact. It was proved that testing, 
examining, and fixing would normally cost over 50% of the cost 
related to the development of large software [1]. Therefore, re-

gression testing ought to be an essential phase of software testing. 
It deals with the modifications that are often dynamic during the 
life cycle of software development. To improve the efficiency of 
regression testing, three major methods have been considered by 
researchers in this field. They are test case selection, test case 
minimization, and test case prioritization. According to the survey 
of [2], the field of regression testing approaches continues to grow 
between 1977 and 2009, and the importance of test case prioritiza-

tion has gradually risen since the late 90s. As a result, researchers 
have established many techniques, algorithms, and methods to 
prioritize test cases [3], [4], [5], [6], [7], [8] & [9]. These tech-
niques rank test cases based on precise conditions to increase the 
probability of fault uncovering in the early phases of testing. In 
spite of the differences in the factors, test case prioritization tech-
niques calculate the value or weight of all test cases and use these 
values to decide which test case should be executed first. Most of 
the current prioritization methods, irrespective of their sorting 

criteria, share a common problem that ought not to be ignored. As 
these methods estimate the value or weight of test cases, and some 
test cases might hold equal values. To deal with this issue, most 
references choose the random technique. According to [10] , 
“When multiple test cases cover the same number of statements, 
the additional strategy is necessary to select one of these test cas-
es, generally by random selection”. [11] Added, “Existing tech-
niques randomly prioritize all test cases with the same weight 

values, without any systematic algorithm”. Nevertheless, this ran-

dom approach is identified as the least effective method in divulg-
ing faults [12], [13], [14], [15] & [11]. Several researchers [15] & 
[11] proposed additional procedures to sort out test cases that have 
the same priority values. Unfortunately, these proposed techniques 

are complex and still have the possibility to generate the same 
priority values. The objective of this research is to generate unique 
priority values for test cases. The following sections of the paper 
are structured as follows: Section 2 presents background infor-
mation on the issues of multiple test cases with equal weights that 
provides crucial inputs to this research and consequently leads to 
the formulation of the study; Section 3 explains the research 
methodology involved in this study including variable selection 

and threats to validity; Section 4 describes the design of the en-
hanced weighted method, and this section also explains the algo-
rithm for generating unique priority values; Section 5 describes 
the experimental process for enhanced weighted method in terms 
of its effectiveness by comparing it with weighted method, where-
by a statistical test, a paired t-test, was employed to measure the 
significant differences between the methods under comparison; 
and Section 6 concludes the study with a general discussion of 

research outcomes, research contributions, and suggestions for 
further research. 

2. Research Background 

The reasons behind software testing are to ensure the quality or 
acceptability of software and to reveal faults. Software testing is 
the process of testing bugs in lines of code of a program [16], and 

system testing is split into two steps: regression and progression 
testing [17]. Regression testing is also the process of testing 
changes to a program to check whether the older code still works 
with the new changes or after a period of active time. [18] Pre-
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sented a research travelogue on software testing which began in 
2000 and ended in 2014. One of their findings stated that the main 
challenge for the researchers was to define the techniques for re-
gression testing that could be applied in the real world and on 
modern software.  The main weakness of regression testing is the 
added charges, time etc. that are required to test a program again 
for faults. Though, these aspects could be fairly reduced using 
procedures like test case reduction, test case optimization, and test 

case prioritization [19] & [20]. [2] Who presented a survey on 
regression test selection, minimization, and prioritization found 
proofs to argue that the subject of test case prioritization is of in-
creasing importance, judging by the change in emphasis on it 
which is obvious in their literature. Drift analysis shows a rise in 
publications, providing confirmation to support the statement that 
the field continues to gain attention from the broader research 
community. There are many objectives for using the prioritization 

techniques. Software testers may aim to increase the code cover-
age in a software at an earlier stage, increase the confidence in the 
reliability of a system, or increase the rate of fault recognition [19]. 
[11] Presented a 4c classification, which was similar to the classi-
fication of [21] for the current test case prioritization methods 
according to their objectives: Customer Requirement-based tech-
niques, Coverage-based techniques, Cost Effective-based tech-
niques, and Chronographic history-based techniques. [10] Defined 

some methods in prioritizing test cases for regression testing and 
studied their comparative skills to improve fault detections during 
regression testing. Their results suggested that these techniques 
could increase the frequency of fault revealing of test suites, and 
this result could be gained even for simple techniques. Moreover, 
if the code coverage procedures are used in testing, they can score 
further enhancements by prioritization. Since the concentration of 
this study is on mixing code coverage criteria with information 
from history of previous executions, the prioritization techniques 

were divided into three categories: code coverage based tech-
niques, history based techniques, and other techniques. 

2.1. Code Coverage Based Techniques 

The main purpose of code-based test prioritization is getting early 
fault detection during a regression testing of a modified system 
code [19]. According to [22], the coverage based prioritization is 
depending on the hypothesis that the increased coverage accom-

plished by the test suite will increase the probabilities of finding 
faults faster in the testing procedure. [23] Proposed the potential 
weighted method to prioritize test cases based on the five coverage 
criteria proposed: statement coverage (SC), function coverage 
(FunC), path coverage (PC), branch coverage (BC) and fault cov-
erage (FC). This method scored an improved rate of coverage 
criteria; however, based on the experiment conducted, it was con-
cluded that several test cases had an equal weight. Consequently, a 

random sorting was used. An overview of how the weighted 
method works is shown in Figure 1. 

 

 
Fig. 1: Weighted method flowchart [28] 

2.2. History Based Techniques 

The objective of these techniques is to prioritize test cases without 
accessing the code. However, they require documentation of the 
software in order to extract the required factors from the historical 

record. [24] Proposed a history based test case prioritization tech-
nique for failure information AFSAC. This approach is consist of 
two stages. First, it statistically analyses the failure history for 
each test case to order test cases. Then it reorders test cases by 
applying the correlation data of test cases collected from earlier 
test outcomes. 

2.3. Other Techniques 

Besides code coverage and history based techniques, different 
factors were used under this category. However, most of these 
methods share a common factor, which is the requirements. [5] 
Presented a dynamic test case prioritization technique based on 
multi objectives. Five factors which have been used are statement 
coverage C(t), Fault Exposing Potential FEP(t), requirement prop-
erty relevance RP(t), historical information H(t), and time spend-
ing TC(t). However, this method in addition to neglecting the 

issue of many test cases with the same weight, it was also found 
that its effectiviness was the same as the statement coverage tech-
nique alone.  After a thorough review of the existing methods, it 
was found that some of these papers did not elaborate the details 
of the prioritization process. In addition, other papers either did 
not provide the experiment objects or the results could not be ob-
tained in the re-execution process. In this research, the weighted 
method by [25] was selected to be compared with the proposed 
method for the following reasons: (1) this method covers more 

than one coverage criteria for a single set of test cases; (2) ease of 
replication; and (3) it still depends on random order for multiple 
test cases with equal weight. [26] Presented an evidence-based 
review on regression test case prioritization. According to their 
study, in order to realize the effects and the outcomes of any case 
study or experiment precisely, there is a need to quantify the re-
sults or evaluate them with respect to the measures. Moreover, the 
famous and most used metrics should be used. APFD is also being 

used in its altered form as APFDc, APFDp, ASFD, WPFD, TSFD, 
APBC, APDC, APSC, NAPFD, APMC, TPFD, APRC, and BPFG. 
'APFD alike' are mainly the metrics which compute the average 
percentage of faults detected with slight differences in the calcula-
tion process. The notations of APFD is: 

       
             

  
 
 

  
 (1) 

 
where: 
m = number of faults detected during the execution of test suite 
n = total no of test cases 
TFi = position of the initial test in test suite T that detects fault i  
To evaluate the effectiveness, [27], [28], [29], [15], [30], & [31] 
used the APFD metric. 

3. Research Methodology 

Research methodology is the essence of this study as it determines 
the methods used for conducting the research, assists in explaining 
the nature of data, and highlights the methods employed that 
would lead to the generation of accurate and reliable conclusions. 

[32] Listed two approaches that can be used when conducting a 
research i.e. the quantitative and qualitative research methods. 
This study used the deductive approach by achieving experiments 
on specific conditions (i.e. a selection of tools under comparison) 
for the purpose of drawing a general conclusion for the study. For 
this reason, this study is considered to have applied the quantita-
tive research method. 
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3.1. Variable Selection 

An important stage in planning the activity is to define the vari-
ables [the independent variables (inputs) and the dependent vari-
ables (outputs) together]. Independent variables refer to the alter-

native methods to be evaluated while dependent variables were 
used to measure the effects of the treatments.  

3.2. Instrumentation 

All The objective of this phase is to choose the appropriate in-
struments, objects, etc. The objects of the experiment are the three 
java programs with different LOC. These programs were chosen 
based on specific criteria i.e.: (1) they were bundled with seeded 

faults and test cases, (2) they were of different lengths in terms of 
lines of code LOC, and (3) two of them were open source and one 
had been used in a previous research on software testing. Table 1 
summarizes the details of the experiment objects. 
 

Table 1: Experiment Objects 

Object program source Lines of 

Code LOC 

Seeded 

faults 

Test 

cases 

Circular Queue Previous research 

work[1] 

42 9 33 

Calculator Sourceforge.com 148 15 40 

ATM Github.com 295 28 60 

 

The experiment was run using NetBeans IDE 7.1 and Junit 4.0. 
[33] who conducted a study on various code coverage tools 
claimed that with the use of code coverage, the testing process 

could be enhanced, and the cost for fixing the faults could be re-
duced. Moreover, they described JavaCodeCoverage as a byte-
code analyzer tool for test coverage analysis for Java software 
which doesn’t require the language syntax or the source code. One 
of the important features of JavaCodeCoverage is that it stores the 
coverage information for test cases individually, thereby simplify-
ing a detailed coverage examination. Additional important feature 
of JavaCodeCoverage is that it archives all the dynamic code ele-

ments and test coverage information in an open source database 
software, MySQL. Finally, for visualization of results and creating 
descriptive statistics (bar charts), Microsoft Excel was used in this 
research. 

3.3. Hypothesis Construction 

In this experiment, five measurements used to reveal the effec-
tiveness of the proposed method. Therefore, five hypotheses 

should be tested. The null and alternative hypotheses were formu-
lated as follows: 

 

a) Average percentage of statement coverage       

H0_1: There is no difference between the two methods in terms 

of average percentage of statement coverage       and  = 

. 

Ha_1: The enhanced weighted method has greater average per-

centage of statement coverage  over the weighted method 

and  < . 

b) Average percentage of function coverage  

H0_2: There is no difference between the two methods in terms 

of average percentage of function coverage  and  = 

. 

Ha_2: The enhanced weighted method has greater average per-

centage of function coverage  over the weighted method 

and  < . 

c) Average percentage of branch coverage  

H0_3: There is no difference between the two methods in terms 

of average percentage of branch coverage  and  = 

. 

Ha_3: The enhanced weighted method has greater average per-

centage of branch coverage  over the weighted method and 

 < . 

d) Average percentage of path coverage  

H0_4: There is no difference between the two methods in terms 

of average percentage of path coverage  and = . 

Ha_4: The enhanced weighted method has greater average per-

centage of path coverage  over the weighted method and 

. 

e) Average percentage of fault coverage APFD 
H0_5: There is no difference between the two methods in terms 

of average percentage of fault coverage APFD and  = . 

Ha_5: The enhanced weighted method has greater average percent-

age of fault coverage APFD over the weighted method and  < 

. 

3.4. Validity Evaluation 

When designing an experiment in software engineering, the key 
question is “Are the results valid for the population of interest?” In 
order to be adequately valid, there are four types of validity that 

have to be considered: internal validity, external validity, construct 
validity, and conclusion validity [34] & [35]. 

 Threats to conclusion validity: It refers to the capability of 

drawing the correct conclusion regarding the relation be-
tween the treatment and the outcome of an experiment. This 
includes matters related to the selection of statistical tests, se-
lection of sample sizes, and accuracy in the implementation 
and measurement of an experiment. One possible threat to 
validity in this experimental research is the validity of the sta-
tistical tests. To decrease this threat, popular statistical meth-
ods were applied which are tough to violations of their as-

sumptions. 
 

 
Fig. 2: Process of the enhanced weighted method UniVal 
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 Threats to internal validity: According to [35], threats to 

internal validity refer to the factors that can affect inde-

pendent variables without a researcher’s knowledge, 
which might put the causal relationship between the 
treatment and the outcome in question. In this research, 
the main concerns are the seeded faults and generation 
of test cases for object programs. To overcome this issue, 
an important criterion in choosing the object programs 
was whether it comes with seeded faults and test cases 
together which are generated by the tester/ researcher. 

 Threats to construct validity: It refers to the extent to 
which the experiment setting truly reveals the construct 
under study. In this study, threats to construct validity 

were not considered critical. The dependent APFD 
measures used to evaluate the effectiveness had some 
limitations as they assumed that faults were with equal 
severities, and test cases were with equal costs. However, 
in this experiment, these assumptions were acceptable. 
Furthermore, it is a common measure for effectiveness 
of the prioritization methods and techniques. 

 Threats to external validity: This is concerning the scope 

to which the outcome can be generalized. It is influ-
enced by the selected experimental design and objects in 
the experiment. In this research, threats to external va-

lidity might be the selection of the object programs for 
the experiment that may not be representative of the 
population. However, the process of selecting the ob-
jects programs went through many criteria which made 
it difficult to choose the most appropriate program for 
this study. Besides, by comparing the number of sam-
ples (object programs) in this study with similar studies 
in this field, the threats to external validity were consid-

ered reasonable in generalizing the results. 

4. Enhanced Weighted Method Using Unique 

Priority Value 

The literature review shows that code coverage based technique is 
more effective in prioritizing test cases. Six factors employed in 
developing UniVal which are: statement coverage, function cover-
age, branch coverage, path coverage, fault coverage and test cases 
ranking from previous execution. Two types of equality in test 
case priority values appeared: (1) test cases covered the same 
segment of code, and (2) test cases covered different segments. 

For each situation, the enhanced weighted method used different 
formulas to generate the unique priority value. The process of the 
enhanced weighted method is shown in Figure 2. 

4.1. Identify Weight 

a) Factors selection  
Five code coverage factors and history of previous execution were 
used to prioritize test cases. These factors are described below: 

Statement coverage 
This is the basic measurement of code coverage calculation pro-
cess which depends on the number of statements covered by each 
test case. [3], [7], [10] and [25] used this factor to rank test cases. 
Function coverage 
It refers to the number of functions or methods executed complete-
ly or partially by a test case [6], [25] and [15]. 
Branch coverage 
Branch coverage is also known as Decision coverage or all-edges 

coverage. It covers both the true and false conditions. A branch is 
the outcome of a decision, so branch coverage simply measures 
which decision outcomes have been tested. It was employed by [7] 
and [25]. 
Path coverage 

Path coverage refers to performance of designing test cases such 
that all linearly independent paths in the program are executed at 
least once. A linearly independent path can be defined regarding 
to the control flow graph of an application [7] and [25]. 
Fault coverage 
Fault coverage refers to the percentage of fault that can be detect-
ed during the test of any system. High fault coverage is particular-
ly valuable during software testing [5], [36], [26] and [8]. 

History of previous execution 
This factor refers to the documented record of the behavior of test 
cases from the last execution session. In this research, the previous 
order of test cases was employed to calculate unique priority val-
ues [24], [37], [38] and [17]. 
 
b) Weight calculation 
As mentioned earlier, this method uses five coverage criteria with 

one criterion from the history of previous execution. For the pur-
pose of illustrating the detailed unique priority value calculation, 
an object program of this experiment, which is the calculator pro-
gram, was included within the weight calculation process. The 
weight was calculated as follows: 
Statement coverage calculation 
The weight WstTi for test case Ti was computed by dividing the 
number of statements Nst covered by test case Ti to the highest 

number of statements Mst covered by any test case, Ti. 

 

(2) 

 
Function coverage calculation 
The weight WfnTi for test case Ti was calculated by dividing the 
number of functions covered by any test case Ti to the maximum 
number of functions covered by any test case, Ti. 

 

(3) 

 
Branch coverage calculation 
The weight WbrTi for test case was calculated by dividing number 

of branches covered by test case Ti by the maximum number of 
branches covered by any test case Ti, then the weight for the test 
case, Ti. 

 

(4) 

 
Path coverage calculation 
The weight for the path coverage WptTi for the test case Ti was 

calculated by dividing the number of paths covered by test case Ti 
to the maximum number of paths covered by any test case, Ti.  

 

(5) 

 

Fault overage calculation 
The weight for the fault coverage WflTi for the test case Ti was 
calculated by dividing the number of faults covered by the test 
case Ti to the maximum number of faults covered by the test case 
Ti in the test case list.  

 

(6) 
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c) Prioritization algorithm 
For n test cases and m coverage criterion, the priority value for 
each test case  Ti P was as follows. 

 

(7) 

 
Where:   WXj = weight of criterion j 

m = total number of criteria 
Test cases were sorted based on their priority value, from the 
maximum to the minimum value. Table 2 shows the test cases 
weight at this stage before applying the unique priority value pro-
cedure. 

Table 2: test cases order after coverage weight calculation 

Test case Priority value 

T33 10 

T34 10 

T24 7.802 

T27 7.802 

T38 7.508 

T37 7.308 

T16 7.256 

T20 7.256 

T25 7.256 

T26 7.256 

T36 7.256 

T15 7.056 

T19 7.056 

T21 7.056 

T22 7.056 

T35 7.056 

T8 6.496 

T14 6.31 

T17 6.31 

T7 6.296 

T12 6.294 

T28 6.148 

T11 6.094 

T23 5.948 

T4 5.828 

T32 5.828 

T3 5.628 

T31 5.628 

T6 5.55 

T5 5.35 

T10 5.348 

T39 5.298 

T18 5.202 

T9 5.148 

T13 5.002 

T2 4.882 

T1 4.682 

T29 1.368 

T30 1.368 

T40 1.368 

4.2. Identify Unique Value 

a) Test cases with equal weights 
For this object program, many test cases recorded equal weight 
values.  
 
b) Weight recalculation 

UniVal continued the prioritization process with the following 
steps: 
Groups for test cases with equal weight values were created. 
Test cases within each group were rearranged based on the previ-
ous execution order.  
It was noticed that when two or more test cases still have equal 
weight after the weight calculation, it could cover the same seg-
ment of the code. Based on this fact, there were two cases to deal 

with which are: 
Test cases covered the same code segment 
In this case, one of the test cases was chosen while the rest was 
delayed until the last test case in the initial order being executed. 
This helped in avoiding any redundancy issue when testing the 
same code segment. Thus, the first test case in the group kept its 
original weight. The other test cases within the group were de-
layed until the last test case in the initial order being executed. The 

formula for calculating the new weight for the amended test cases 
is: 

 

(8) 

 
Where:   

  = weight of the last test case in theinitial order 

 j =position of test case Ti within a group G  

Then the test cases were re-ordered after each group weight was 
calculated. 
Test cases covered different code segments 
In this case, these test cases still had a higher priority over the next 
test cases in the table. Similar to the previous case, the first test 
case in the group kept its original weight. These test cases were 
given higher priority value than the next test case in the initial 
table. The order of test cases depended on the previous execution 

order, and the formula to calculate the test cases weight is: 

 

(9) 

 
Where:    

 = weight of the next test case in theinitial order 

 j = position of test case Ti within a group G  
Then the test cases were re-ordered after each group weight was 

calculated.  
The unique priority value for each test case was calculated using 
equations (8) and (9). The table was updated after the calculations 
of each group.  
 
c) Prioritized test suite 
After calculating the new priority values for all test cases, the 
enhanced weighted method sorted test cases in a descending order 

based on the new priority values. Table 3 shows test the priority 
values after applying the unique priority value procedure. 
 
Table 3: Enhanced weighted method ranking with the unique priority 

values 

Test case Priority value Unique Priority value 

T33 10 10 

T24 7.802 7.802 

T38 7.508 7.508 

T37 7.308 7.308 

T16 7.256 7.256 

T20 7.256 7.106 

T15 7.056 7.056 

T19 7.056 6.546 

T8 6.496 6.496 

T14 6.31 6.31 

T7 6.296 6.296 

T12 6.294 6.294 

T28 6.148 6.148 

T11 6.094 6.094 

T23 5.948 5.948 

T4 5.828 5.828 

T3 5.628 5.628 

T6 5.55 5.55 

T5 5.35 5.35 

T10 5.348 5.348 
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T39 5.298 5.298 

T18 5.202 5.202 

T9 5.148 5.148 

T13 5.002 5.002 

T2 4.882 4.882 

T1 4.682 4.682 

T29 1.368 1.368 

T34 10 1.318 

T27 7.802 1.268 

T25 7.256 1.193 

T26 7.256 1.168 

T36 7.256 1.143 

T21 7.056 1.068 

T22 7.056 1.043 

T35 7.056 1.018 

T17 6.31 0.968 

T32 5.828 0.918 

T31 5.628 0.868 

T30 1.368 0.818 

T40 1.368 0.793 

 
Hence, the priority value for each test case held a unique value. 

4.3. APFD Calculation 

To measure the effectiveness of the proposed method UniVal, a 
modified Average Percentage of Fault Detection (APFD) metrics 
was used. These measurements are listed below: 

 Average percentage of statement coverage 

 

(10) 

 

 Average percentage of function coverage 

 

(11) 

 

 Average percentage of branch coverage 

 

(12) 

 

 Average percentage of path coverage 

 

(13) 

 

 Average percentage of fault coverage 

 

(14) 

 
The effectiveness of UniVal based on the calculator program is 

shown in Table 4. 
 

Table 4: Units for Effectiveness of UniVal 

      
Calculator 

program 

96.28 98.75 93.36 93 89.41 

 

 

 

5. Effectiveness of the Enhanced Weighted 

Method 

The goal of this section is to demonstrate statistically the effec-
tiveness of the Enhanced weighted method by comparing it 
against the weighted method by [25] with respect to five meas-
urements that were mentioned earlier using equations (10) to (14)  
The experiment involved two main phases. The first phase collect-
ed coverage information for each test case using Jacocoverage tool, 
calculated test cases weight as well as generated the unique priori-
ty value for each test case under test suite.  In the second phase, 

the effectiveness of the average percentage of coverage for each 
method was determined and the results were compared to deter-
mine the effectiveness of each approach in terms of the highest 
coverage percentage.  The measurements of effectiveness com-
prised Average Percentage of Fault Coverage APFD and the de-
rived measurements.  
Eventually, a paired t-test was conducted to analyze the differ-
ences between the population means for the two methods for each 

criterion. The results of the statistical test provided an accurate 
and deep intuitive understanding into the effectiveness of the two 
methods of test case prioritization. 

5.1 Experimental Results 

The argument of the outcomes is based on a quality factor, which 
is the effectiveness of each method in prioritizing test cases. The 
assessment is relying on the capability of the weighted and en-

hanced weighted method in prioritizing test cases and recording a 
better coverage rate. In the general assessment, both methods used 
the same set of test cases in evaluating effectiveness. Since the 
advanced assessment is significant to this research, statistical tests 
were conducted to compare the distribution of data collected. The 
complete results were calculated using equations (10) to (14). The 
complete results are shown in Table 5 and Figures 3 to 7. 
 
Table 5: effectiveness results (all measurements in a percentage % form) 

 APcdC APfnC APbrC APpaC APFD 
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Fig. 3: Average Percentage of Statement Coverage for the weighted and 

enhanced weighted methods 
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Fig. 4: Average Percentage of Function Coverage for the weighted and 

enhanced weighted methods 

 

 
Fig. 5: Average Percentage of Branch Coverage for the weighted and 

enhanced weighted methods 

 

 
Fig. 6: Average Percentage of Path Coverage for the weighted and en-

hanced weighted methods  

 

 
Fig. 7: Average Percentage of Fault Coverage for the weighted and en-

hanced weighted methods 

 
The bar graphs indicate the difference between the weighted 
method and the enhanced weighted method with regard to effec-
tiveness. The graphs show that the enhanced weighted method 
comprises the sector with a higher percentage over the weighted 

method. However, both of them are almost the same in terms of 
Average Percentage of Function Coverage. It is obvious that for 
two out of three object programs, the two methods recorded the 
same percentage of 98.48 and 98.75, respectively. The reason 
behind these results is that these two programs have relatively few 
numbers of functions that could be covered by one test case. 
Hence, if this test case recorded the highest coverage number, it 
would have the highest priority based on the prioritization meth-

ods. Therefore, the two methods show the same trend. When an 

object program has a larger number of functions as in ATM, the 
enhanced weighted method shows a higher percentage over the 
weighted method. 
The most significant difference between the two methods is re-
corded by the Average Percentage of Fault Coverage APFD for 
ATM and Queue, respectively. On the other hand, it shows the 
lowest percentage among the five coverage criteria. For the 
weighted method, the lowest percentage was scored for ATM, 

with 69.59% when it was 80.3 for the same object program re-
corded by UniVal.  
To prove this claim, a statistical test was carried out for the five 
coverage criteria. Five hypothesises were tested using paired t-test, 
a parametric test, to determine if the enhanced weighted method 
could have significant improvements in terms of coverage criteria 
over the weighted method. The paired t-test is a parametric statis-
tical hypothesis test for any population distribution of two samples 

when the assumption of independent samples is intentionally vio-
lated. The distribution of the collected data that was normally 
distributed led to the selection of the parametric statistical test. 
The paired t-test was selected because the two samples were not 
independent and were in the form of ratio scales. Furthermore, it is 
well-known that the paired t-test is most appropriate when the 
sample size is small (i.e. < 100), which also applicable to this 
study.  

The statistical test was applied for the average percentage of cov-
erage. In order to to see if there is a difference in the two popula-
tion means µ1-µ2, the null and alternative hypotheses were formu-
lated as shown previously in section 3.3. 

 
The first step was to calculate the difference between the two 
methods, next was the calculation of the mean, standard deviation 
of differences, t- distribution and significance level α=0.05. Sum-
mary of results of paired t-test is shown in Table 4. 

 
Table 4: paired t-test results 

measure-

ment 

d

f 
  t Criti-

cal t 

values 

Re-

ject ? 

P 

value 

 2 2.44 0.9 4.69 4.303, 

-4.303 

Yes 0.021

3 

 
2 1.41

6 

2.45 1.00

1 

4.303, 

-4.303 

No 0.211 

 2 2.42 0.90

2 

4.64 4.303, 

-4.303 

Yes 0.022 

 
2 3.36 1.23 4.72 4.303, 

-4.303 

Yes 0.021 

 2 8.65 2.87 5.22 4.303, 

-4.303 

Yes 0.017 

 
The null hypothesis could not be rejected with regard to the aver-
age percentage of function coverage as no differences were re-
corded between the methods under comparison for the two object 
programs. However, based on the results obtained from the statis-

tical tests, there is sufficient evidence to reject the null hypothesis 
at 0.05 significance level for four out of five measurements. 
Hence, it is statically proven that the enhanced weighted method is 
more effective than the weighted method in terms of average per-
centage of coverage. At this point, the results show that the re-
search objective has been achieved since the enhanced weighted 
method shows better performance over the weighted method by 
generating unique priority values. 

6. Conclusion  

This study presents the enhanced weighted method for prioritizing 
test cases by assigning unique priority value to each test case.  The 
method ranks test cases using code coverage criteria and the histo-
ry of previous execution. The code coverage criteria are the main 

elements in achieving better effectiveness in term of average per-
centage of coverage while the history of previous execution helps 
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in assigning unique priority values. By having a unique priority 
value, the random sorting technique could be avoided.  
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