
Master Thesis  

Software Engineering 

Thesis no: MSE-2009-19 

September 2009 

Understandability of General Versus 

Concrete Test Cases 

Ali Jafar 

Mohan Maharjan 

 



  ii 

This thesis is submitted to the School of Engineering at Blekinge Institute of Technology in 

partial fulfillment of the requirements for the degree of Master of Science in Software 

Engineering. The thesis is equivalent to 50 weeks of full time studies. 

Contact Information: 

Author(s): 

Ali Jafar 

E-mail: s.ali.jafar@gmail.com 
 

Mohan Maharjan 

E-mail: mohan_prs@yahoo.com 

 

University advisor(s): 

Robert Feldt 

Department of System and Software Engineering 

School of Engineering 

Blekinge Institute of Technology 

Box 520 

SE – 372 25 Ronneby 

Sweden 

Internet : www.bth.se/tek 

Phone : +46 457 38 50 00 

Fax : + 46 457 271 25 

 

mailto:s.ali.jafar@gmail.com
mailto:mohan_prs@yahoo.com


  iii 

ABSTRACT 
 

 

One possibility to automate more of software testing is 

to have developers write more general test cases. Given 

a general (parameterized test case), that holds in many 

situations, software can generate many different test 

instances and execute them automatically. Thus, even 

though the developers write fewer and smaller tests they 

can test more. 

However, it is not clear what other effects the use of 

generalized test cases has. One hypothesis is that “More 

general test cases are harder to understand than concrete 

ones and thus would lead to overall tests that are harder 

to understand”.  

Software understandability can be defined as the system 

that is written by one person is easy to read and 

understand by another person easily without any 

resistance. However, software understandability is hard 

to measure because understandability depends on the 

cognitive behavior of human. Software 

understandability assists in software reusability and 

software maintainability. 

Keywords: Concrete testing, Parameterized testing, 

JUnit, NUnit, Pex, Understandability.  
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1 INTRODUCTION 
This chapter explains the purpose, background, aims and objectives, research 

questions, and research methodologies of the thesis. 

1.1 Background 

Today, in the research and development there are lots of researches going on the 

automated testing. Day by day new tools are being developed that supports the 

complete automated testing. So, it seems necessary to study whether the practitioners 

are updated with those newly generated tools, methods and techniques. In general most 

of the practitioners are aware of manual testing tools, methods and techniques. But it is 

unsure that, are they aware of automated testing tools, methods, and techniques? Thus, 

to know this gap of understandability, we tried to conduct experiment how well the 

students of academia will able to understand the concrete test cases or parameterized 

test cases 

There is a need to understand document or source code of the software before 

reusing and maintaining it. During the system evolution or maintenance, the need of 

change may be due to function enhancement, adapting to the new environment, and 

correcting the faults [38]. If previous developers were absent due to some reasons then 

to reuse the system, the new developers should understand it before using it [38, 47, 

28]. Sometimes understanding takes more time and money than to build the new one 

[47]. Thus, the better understandability decreases the maintainability cost, assures the 

software evolution and assures the quality of the software.  

Software understandability is very hard to measure because it depends on the 

cognitive behavior of the human [28]. Thus, understandability limits the reuse and 

maintenance of the software documents or programs. Software understandability 

depends on many factors. Mostly understandability depends on the complexity of the 

code, code spatial complexity, program code, and data [47]. The code helps in figuring 

out the processing logic, and the data variables and constant helps in recognizing 

inputs and outputs of the software [38].  

  This thesis aims to explore the understandability of students of academia on two 

different unit testing methods; concrete testing, and parameterized testing. Unit testing 

verifies the correctness of the units of programs in isolation. Unit testing ensures that 

the unit of code has been exercised effectively, and also ensures that the unit of code is 

working as intended. Unit testing can be performed by passing concrete values to the 

test cases and by passing set of inputs as parameters to the test cases. 

Concrete test cases typically execute a method of a class under test with fixed 

arguments and verify that it returns the expected result or not [13]. Concrete test cases 

are error-prone, inefficient, and time consuming. The problems associated with 

concrete test cases are; 

 There may be numerous testing code that has to be examined and revised [6]. 

 If the testing program refers to details of the representation of an abstract type, 

in this case, changing the representation may require changing the testing 

program [6]. 

 Writing concrete test cases are tedious, laborious, time consuming, and often 

difficult task. 

Thus, to avoid these problems more automated test cases should be created. 

A parameterized unit test allows the parameters as an input to the unit of code. 

Parameterized unit test exercised different code paths of the class under test of the 

entire set of possible input values, instead of just a single exemplary value [13]. 

Parameterized unit test can cover high test coverage with small test suite as well as it 

reduces test maintenance cost. Parameterized unit test cases have definite advantage of 

less time consumption over concrete test cases. Parameterized test cases help to detect 
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the faults that are not easily detected by the concrete test cases. Parameterized test 

cases can generate many different test instances and executes them automatically and 

reduces the time to execute the test cases of the complex system as well. Thus, even 

though the developers write fewer and smaller tests they can test more in 

parameterized unit testing. 

1.2  Purpose 

The purpose of this thesis is to offer visibility into the unit testing using unit 

testing methods, concrete test cases and parameterized test cases. Parameterized 

testing is preferred on concrete testing at large extent but still both concrete and 

parameterized test cases have their own advantages and disadvantages.  

The focus of the research is to verify the hypothesis, “More general test cases are 

harder to understand than concrete ones and thus would lead to overall tests that are 

harder to understand,” is it true or false?  

1.3 Aims and Objectives 

The main goal of the research is to investigate how well the students of academia 

will understand general test cases and concrete test cases, thereby enabling the analyst 

to decide which one is more understandable. 

The purposed hypothesis is “More general test cases are harder to understand than 

concrete ones and thus would lead to overall tests that are harder to understand.”  

Following objectives are set to meet the goal: 

 Understanding the roles of unit testing. 

 Understanding the roles of concrete test cases. 

 Understanding the roles of general test cases. 

 Select the testing tools for both languages C# and Java. 

 Select the skilled developers of the academia to conduct the experiment. 

 Generate test cases for both concrete and general test cases using testing tools. 

 Identify different ways of measuring understandability of test cases. 

 Perform experiment for concrete test cases and automated test cases separately 

in two different groups. 

 Analysis of the understandability based on the experiment. 

1.4 Research Questions 

The main research question for the thesis work is  

Which method is more understandable by developers of the academia from 

concrete test cases and general test cases? 

To address the main research question several other research questions should be 

addressed. 

1. Describe concrete test cases and parameterized test cases? 

Research question 1 is addressed in section 2.3 and 2.4. 

2. How well the developers of academia will be able to know about the concrete 

test cases and parameterized test cases? 

Research question 2 is addressed in 5.1.4. 

It is useful to know the developers‟ current condition of knowledge on concrete 

and parameterized test cases in the academia. The practices of the developers may be 

the influencing factor during the experiment. 

3. What are the selected tools for the concrete test cases and parameterized test 

cases in research and development? 

It will give the close view of the status of both concrete and automated software 

testing. It will help to select the respected programming languages such as JUnit for 

the Java, NUnit for C#, and Pex for C#. 

Research question 3 is discussed in section 3.3. 
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4. What are the aspects of understandability and how can be measure them? 

Research question 4 is addressed in section 4.1.  

The above requirements will be achieved by a literature study of software testing, 

unit testing, concrete test cases, parameterized test cases, and organizing experiment 

for the students of academia for both concrete test cases and parameterized test cases 

separately. 

1.5 Expected Outcomes  

1. Identification of the problems that occurred during understanding of the 

concrete and parameterized test cases. 

2. Numbers of executable test cases that are written in C# and Java. 

3. The experimental data that are collected from the students of academia. 

4. The output of the research that will be based on the analysis of experiment 

conducted for the hypothesis “More general test cases are harder to understand 

than concrete ones and thus would lead to overall tests that are harder to 

understand.” The result will clearly states which method is more 

understandable by developers. 

1.6 Research Methodology 

The research methodology is divided into two parts, literature study and an 

experiment. A detailed and inclusive literature study is carried out to gather 

information related to unit testing, concrete test cases, parameterized test cases, 

understandability, and experimental procedures. To perform literature study, articles, 

journals, and books are mainly retrieved from IEEE Xplore and ACM digital Library. 

Beside these Google search engine is widely used to search diverse set of literature 

sources. After literature study, fault free test cases are generated in two languages C# 

and Java for the experiment.  

The experiment will be conducted for the proposed hypothesis “More general test 

cases are harder to understand than concrete ones and thus would lend to overall tests 

that are harder to understand.” The experiment will be conducted with Master students 

of Computer Science and Software Engineering of Blekinge Institute of Technology, 

Ronneby, Blekinge, Sweden. The two separate groups will be formed, one group will 

be given a set of concrete test cases and another group will be given a set of 

parameterized test cases. The time to understand individual set of test cases by the 

students of academia will be calculated and compared with each other to reach to the 

conclusion. After completion of experiment, analysis will be conducted and solution 

will be proposed according to the analysis of the experiment. 

 

1.7 Related work 

To the best of our knowledge and understanding, till now, there is no research 

done in this selected research topic that is “Understandability of general versus 

concrete test cases.” We found lots of paper regarding understandability [28, 29, 48, 

49] but it defines the understandability level of different topics. So, we tried to study 

understandability, concrete test cases, and parameterized test cases separately and at 

last we integrated all those three in one. Understandability is described in chapter 4, 

concrete test cases are described in section 2.3, and parameterized test cases are 

described in section 2.4.  

1.8 Threats to Validity 

The threats can be internal validity, external validity, statistical conclusion 

validity, and threats to construct validity. Internal validity threats are experimental 

procedures, treatments, or experiences of the participants that threatens the 
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experimenter‟s ability to draw correct inferences from the data in an experiment [37]. 

This threat may be caused by the diffusion effect (discussion between control group 

and experimental group) and also the characteristics of participants (carry-over effect 

and experiences).  

External validity threats arise when experimenters draw incorrect inferences from 

the sample data to other persons, other settings, and past or future situations [37]. It 

arises when the experimenter tries to infer some conclusion about some group that is 

out of study. 

Statistical conclusion validity arises when experimenters draw inaccurate 

inferences from the data due to inadequate statistical power or the violation of 

statistical assumptions [37].  

Threats to construct validity occur when experimenter use inadequate definitions 

and measures of variables [37].  

1.9 Thesis Outline 

The thesis is divided into following chapters. Chapter 2 introduces the reader about 

the importance of software testing, unit testing, concrete testing, and parameterized 

testing. Chapter 3 introduces the reader about the automated testing, testing 

frameworks, and testing tools. Chapter 4 introduces the reader about the 

understandability, aspects of understandability, and different measures of 

understandability. Chapter 5 introduces the reader about the experiment, experiment 

procedure, and experiment analysis. Chapter 6 introduces the reader about data 

arrangement. Chapter 7 introduces the reader about data analysis and validity threats. 

Chapter 8 introduces the reader about the conclusion of the experiment with the future 

works that could be done. 
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2 SOFTWARE TESTING 
This chapter gives the brief description about the software testing, unit testing, and 

methods of unit testing. 

2.1 The Notion of software Testing 

Software testing is an important activity of software development. The primary 

objective of testing is to check the correctness of the software under test. Software 

testing evaluates software to determine the presence of faults and removes those faults 

from the program, but it does not confirms that all the faults are been found. Thus, 

testing confirms the presence of bugs but never its absence [1]. Also the complete 

testing is not possible due to time, cost, and resource constraints in the software 

projects.  

Software testing evaluates software to confirm correctness, functionality, 

efficiency, and ease of use. Software testing compares the oracles against the specific 

inputs. During testing, the software is provided with the different set of inputs and the 

obtained result is evaluated against the expected outcomes or oracle in order to decide 

whether a particular aspect of test unit works as intended. Thus, software testing 

ensures that the software confirms to its specifications. Software testing also assures 

the quality and reliability of the software. 

Some of the most established software testing definitions are listed below: 

 Testing is the process of executing programs with the intention of finding errors 

[2]. 

 Software testing is the process, or a series of processes, designed to make sure 

computer code does what it was designed to do and that it does not do anything 

un-intended [2]. 

 Testing is the process of analyzing a software item to detect the differences 

between existing and required conditions (that is, bugs) and to evaluate the 

features of the software item [3]. 

  “Testing is the process of exercising or evaluating a system or system component 

by manual or automated means to verify that it satisfies specified requirements, or 

to identify differences between expected and actual results in the operating 

environment” [51]. 

2.2 Unit Testing 

Unit testing is the testing for the functional and non functional behavior of the 

software programs. It verifies the correctness of the units of program in isolation. The 

main purpose of unit testing is to detect and remove faults earlier from the specified 

units. Unit testing plays an important role in ensuring the quality of software since it 

provides 100% code coverage, checks all the corner cases and detects error in 

component‟s logic [48]. The whole program is decomposed into the set of smallest 

individual units and these smallest units are tested individually. The main objectives of 

unit testing are to find defects in programming logic and algorithms by testing models 

individually [7]. Units are finest level of granularity in testing and each unit is not 

dependent with other unit and totally isolated with each other [8]. Unit testing follows 

the bottom up approach where all the individual functional units are tested and 

integrated at last to form the whole system. In order to execute and test a component in 

isolation, the test driver should be written to simulate the environment of the 

component [12]. Thus in unit testing, a module requires creation of stubs and drivers 

[12].  And it is graphically represented in the Figure 2. 
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Figure 1: Unit testing environment [12]. 

 Unit testing is widely used by the developers in order to find the initial faults 

and to know, is it performing the task that it was intended to do? Usually, unit testing 

is performed by developers rather than testers and ensures that the tested unit confirms 

to its specification.  

Sometimes unit testing can take more time to develop than to build the individual 

function but unit testing ensures the high quality and reusability of the unit. Unit 

testing helps the developer to find the programming and logical errors in the early 

stage of development, thereby ensuring the quality and reliability of software 

functionality [7].  Unit testing affects different levels of testing such as integrating 

testing, system testing and acceptance testing. This reduces the effort required for the 

integration testing and acceptance testing [8]. It reduces the complexity of the code as 

well as improves the quality and reliability of the software [9]. Unit test can be 

conducted after the production of code as well as before the coding begins. Unit testing 

is gaining popularity due to the growing popularity of methods like extreme 

programming, test driven development, and test execution frameworks.  

Unit test have lots of advantages in software development. It also reduces the 

effort required for the integration testing because most of the faults are detected at the 

early stages of the development. Unit testing follow the continuous regression testing, 

so it detects the faults as soon as the new production code is introduces the fault in the 

functional unit. Because of the early fault detection and complete regression testing, it 

confirms the quality and reliability of the software under development. 

 Unit testing have some of the disadvantages. It is hard to test the GUI modules 

using unit testing, especially for automation [10]. Identifying the isolated units may be 

the problem, since the object under test acts as the group of units rather than individual 

units [10]. It is very hard to test the complex system using unit testing [10]. The code 

increases as the project evolves and requires more effort to maintain large volume of 

codes [10]. Unit testing is really a time consuming activity. It takes a lot of time than 

the actual coding [10]. Unit testing with test first method may cause difficulties in the 

understanding of the system. A developer may have to write a lot of unnecessary code 

that requires cost, time and effort. 
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2.3 Concrete unit testing 

Concrete unit testing is the normal test method that only executes for a single test 

input at an instance. Concrete testing represents the normal execution of program 

where it generates data inputs that would exercise all the feasible execution path of a 

code under test. Concrete test cases typically execute a method of a class under test 

with fixed arguments and verify that it returns the expected result or not [13]. The 

concrete input values are provided to the method to determine its failure or success. If 

the test fails then it has to re-insert input values until all test cases passes. This sort of 

testing increase the effort, cost, time, the numerous test cases, and numerous iterations 

are needed to fulfill the expected result. Thus, manually specification of concrete 

values for the test inputs to the units under test is labor intensive, error-prone and it is 

unlikely to cover all the possible behavior (execution paths) of the unit under test. The 

concrete testing may lead to the same behavior on different concrete inputs. The 

concrete testing may not be able to discover all the faults because of the random 

selection of concrete values as an input. The problems associated with concrete test 

cases are; 

 There may be numerous testing code that has to be examined and revised [6]. 

 If the testing program refers to details of the representation of an abstract type, in 

this case, changing the representation may require changing the testing program 

[6]. 

 Writing concrete test cases are tedious, laborious, time consuming, and often 

difficult task. 

 It does not ensure the high code coverage since only single exemplary input value 

is provided as an input [13]. 

The example describes adding new object in an array list where the parameter to 

the constructor is the initial capacity. The new object is added to the array list, and 

finally checks that the addition was correctly performed or not. 

 

 
Figure 2: Concrete test method for adding new object in an empty array list 

2.4 Parameterized unit testing 

A parameterized unit test allows the parameters as an input to the unit of code. 

Parameterized unit test exercised different code paths of the class under test of the 

entire set of possible input values, instead of just a single exemplary value [13]. 

Parameterized test cases specify the intended external behavior of test methods for all 

test arguments thus adding parameters to test methods improves a specification of 

intended behavior [14]. PUTs avoids writing specific unit test for each and every tests. 

PUTs ensures high code coverage which exercise different path of the implementation 

of the software [13]. Parameterized unit test can cover high test coverage with small 

test suite as well as it reduces test maintenance cost [13]. Parameterized unit test cases 

have definite advantage of less time consumption over concrete test cases. 

Parameterized test cases help to detect the faults that are not easily detected by the 

concrete test cases. Parameterized test cases can generate many different test instances 

and executes them automatically and reduces the time to execute the test cases of the 
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complex system as well. Thus, even though the developers write fewer and smaller 

tests they can test more in parameterized unit testing.  

In parameterized testing different parameters are assign to the test case to check 

the software for faults. These parameters help to check the functionality of the specific 

object of software with different values to determine the success or failure of the 

object or unit [15]. We can also determine the merits and disadvantages of the different 

constraints like time, quality, cost and efficiency. That helps to identify the 

relationship between the constraints with the problem that occurred in the result of 

parameterized unit testing [12]. 

Unit testing uses assertions method to compare the actual result with a test oracle 

that compares observed behavior with expected results. The test failure and success is 

dependent on the assertion failure or success. The parameters help to check the 

functionality of the specific object of software with different values to determine the 

success or failure of the object or unit [15]. 

The traditional unit tests can be obtained by instantiating the parameterized test 

methods with given argument sets [14]. Instantiations should be chosen based on 

different code paths of the methods under test [14]. Nowadays, parameterized unit 

testing can be done using automated tools such as Pex. Where, all the input values are 

checked against all the possible expected outcomes automatically.  

 

Figure 2: Parameterized test method adding new object in an empty array list 

The example describes of an empty array list and assuming that the array list is not 

null. Parameterized unit test asserts that after adding an element of the list, the element 

is indeed present at the end of the list. By adding a new object to an empty array list, 

this object becomes the first element of the list. This test states that for all non null 

array lists and for all objects if the object is added in the array list it will append at the 

end. Thus, in this example numerous inputs can be inserted to exercise the different 

paths of the implementation. Thus, PUTs is also known as the data driven tests. 
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3 AUTOMATED TESTING 
This chapter describes about the automated testing, testing tools used for the 

experiment, and assertions. 

3.1 Manual versus Automated testing 

Manual testing are very well known software testing method but it is very costly, 

time consuming, and error-prone. There are lots of manual testing techniques some of 

them are boundary value analysis, equivalent partitioning, state based testing, decision 

table, etc. Manual testing is able to uncover lots of hidden faults but it requires 

numerous numbers of test cases to uncover those hidden faults. In manual testing, a 

tester has to check the whole related code of a unit to determine the success or failure 

of the code-under-test. During regression testing all the test cases should be re-

examine in the manual testing, thus it leads to maximum time and cost. During manual 

testing, maximum amount of defects are detected in the development stages that 

reduces the effort required for the automated testing [19]. Manual testing is the testing 

that is done before the automated testing. So, it is better to test software with the 

combination of manual and automated testing [19]. 

Automated testing increases the speed of test execution and result generation that 

reduces time, cost, and it makes the test process much reliable [20]. Automated testing 

mainly focuses on the main functionality of the software. The automated testing tool 

reduces the time, effort, labor and cost for software testing. Automated testing ensures 

more data coverage and reduces the manual work. Automated testing is highly 

preferable for regression testing. Automated testing tools can generate large number of 

test inputs to exercise the unit of program. Various assertions are used to compare the 

expected result with the obtained result.  

It is not possible to automate all tests because tools and testing framework may not 

support automation. Thus, these two testing method should coexist to improve the 

productivity, reliability and quality of test. 

3.2 Automated Testing 

Manually software testing is time consuming, error-prone, labor intensive, 

expensive, and tedious. If it could be automated the overall cost could be significantly 

reduced. Automated testing is the testing method where the software is tested 

automatically with the help of automated testing tools. A complete automation of the 

software involves the automation of three testing components: test data generation, test 

execution and test validation with the oracle. The testing tool is used to control the 

execution of the tests by setting up the test preconditions, test controls and test 

reporting functions [50]. It helps to compare the actual outcomes with the expected 

outcomes of the software. Automated testing reduces time, effort and cost of software 

testing. Automated testing is also widely used for the regression testing. In general 

automated software testing include 3 main stages; test data generation, test execution 

and test evaluation.   

3.2.1 Test Data Generation 

Test data generation is the process of identifying a set of test inputs for the system 

under test that satisfies the selected testing criterion. During test data generation, input 

variables and data are prepared according to the requirements stated. The data 

generation process is usually done manually, especially during the testing of complex 

data structure and databases [40].  Generating test data manually requires the high 

understandability of the program under test and thus can be more tedious, error-prone, 

expensive, and time consuming. Thus, automated test data generation has become 

important to overcome these problems.  
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There are generally three types of test data generators that are random testing, 

path-oriented technique, and Goal-oriented technique.  

3.2.1.1 Path-Oriented Technique 

“Path-oriented approach is the process of selecting program path(s) to the selected 

statement and then generating input data for that path” [42]. Path-oriented techniques 

generally use control flow information to identify a set of paths to be covered and 

generate appropriate test cases for these paths [16]. The test criterion may be path 

coverage, statement coverage, branch coverage, etc. Path-oriented technique includes 

control flow graph construction, path selection and test generation tools [17]. The 

methods like symbolic execution, constraints-based techniques, and execution oriented 

test data generation can be used in path-oriented techniques. 

 The symbolic execution is program analysis method that generates an algebraic 

expression over the symbolic input values [42]. Symbolic execution contains path 

constraints that have a set of equalities and inequalities on program‟s input variables 

[42]. 

 Execution oriented test data generation is obtained by actual execution of a 

program under test. The data inputs are generated by solving a sequence of sub goals, 

using function minimization methods [42]. 

Constraints-based technique is fault based method that is used to find particular 

types of fault by using algebraic constraints [42].  It creates a path expression 

constraint for each statement of a program under test. Symbolic evaluation is used to 

represent constraint where as heuristics method is used to solve these constraints [42]. 

 Since path-oriented method is based on control information that is used in the 

process of path selection, it suits for program with relatively small number of paths to 

reach the selected node rather than complex control structures [42].    

3.2.1.2 Goal-Oriented Technique 

Goal-oriented techniques identify test cases covering a selected goal such as 

statement or branches, irrespective of the path taken [16]. It generates inputs for 

specific path. At the beginning arbitrary program inputs are executed and this program 

execution flow is monitored [42]. During program execution, the search procedure 

decides whether the execution should follow the same branch or follow alternative 

branch [42]. This approach concentrates only on branches which influence the 

execution of the goal and ignores those branches that do not influence the execution 

node [42]. 

3.2.1.3 Random Technique  

Random testing randomly generates test inputs for the system under test. This 

method is not influenced by human assumptions, and it is an efficient technique. It has 

been used in application such as to test database system, and Java Just-In-Time (JIT) 

compliers [5].Random techniques determine test cases based on assumptions 

concerning fault distribution [16]. In random technique, test data are selected randomly 

from the input domain for the program under test. Randomized test cases ensures the 

high test coverage with small test suite and is highly effective than other techniques. 

The randomized test generator allows the automatic generation of different test inputs, 

and the test oracle allows the outputs to be checked automatically. The random test 

cases are done until either the software under test fails or any exceptions is thrown. A 

randomized test case generator generates random sequences of method call, parameter 

building, and information extraction commands [18]. 

3.2.2 Test Execution 

Test execution is the process of running the system where it executes all the 

identified test cases with different test data and gives the results on the basis of the test 
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execution. The test cases are instantiated with the actual test input only during the test 

execution. There are numerous test runs in single execution where each single 

execution of a test case is called a test runs. It occurs when almost all the coding is 

completed in the case of test last development.  

During the execution of test case, a test log records all details of the execution. 

This log will keep record of what had happened during execution of the test case [44]. 

Successful completion of test case determines failure rate. Test incident report is 

generated for problem diagnoses and fixing of these problems. Mostly it has been done 

by using defect tracking tool. Most important sections of this report are [44]: 

 

 Incident summary 

 Inputs 

 Expected results 

 Actual results 

 Procedure step 

 Environment 

 Impact 

The inputs related to the test cases describe the impact of test data for defect 

occurrence and their scenarios. In result of test inputs of test cases expected result 

statistics are calculated which describe the effectiveness of functionality implemented 

and as that in requirements provided. On execution of test cases and results 

calculations procedural step will be initiated in order to explain the sequence of steps 

that guide the test case to an incident.  

There are different severity levels in test plan to figure out the functionality of 

attributes related to modules tested using some test data [5]. All the statistics related to 

test cases such as total test cases executed and non executed or incomplete (according 

to requirements provided) , test case execution weight age by keeping time as 

constraint and coverage of execution related to test cases, ratio of executed test cases 

in comparison to total modules integrated with in application are stated in test status 

report.   

Results of performed testing activities by using some input test data for specific 

modules at application or sub modules level are summarized in test summary report.  

Normally test execution includes the execution of produced source code and records 

the traces of execution. During test execution, test artifacts records the actual test 

output results, test status, and test execution traces. 

3.2.3 Test Validation 

During test validation the test outcomes produced by the test execution is analyzed 

with the expected outcome. Oracles are used as the basis for the test validation. 

Oracles compare actual outcome to predicted outcome, and reports failure if they differ 

with each other. An oracle can also be seen as self checks, that is, it is often possible to 

detect correctness without predicting results.  The outcome of the test indicates that 

whether the test execution succeeded or not. If the test case fails, the test will continue 

until it succeeded.   

3.3 Automated testing Frameworks  

The framework provides a relatively fast method of testing software. In the case of 

change in code the frameworks guide the software testers to track the code that is 

affected by the modification. It also provides the assertion based programming [24]. 

The unit testing can be written using various xUnit frameworks. Some of the most 

popular xUnit frameworks are JUnit, CppUnit, NUnit, PyUnit, SUnit, vbUnit, 

MinUnit, and etc [25]. From these available xUnit frameworks, JUnit is most widely 
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used and extended unit test framework [25]. JUnit is used for object-oriented software 

especially Java based and is the most updated tools for automatic unit test generation 

[22]. JUnit is used to develop concrete test cases for the unit of code under test. NUnit 

is the framework that is written in C# and used to test any .NET language, including 

C#, VB.Net, J#, and Managed C++ [25]. NUnit is used to develop concrete test cases 

for the unit of code under test. JUnit and NUnit is highly accepted frameworks for the 

unit testing in research and development. Since most of the researchers are using them 

for their research.  

Whereas Pex is .NET tool that is fully automated tool and used for parameterized 

testing. This tool is in its development phase. So the acceptance of this tool is 

unknown till now in the research and development area. These three testing tools are 

used to develop test codes for the units of code that are intended to be examined. All 

these three testing tool uses the assertion methods in order to compare the actual 

outcomes with the oracles. 

3.3.1 Assertion 

Assertions are used to specify the desired behavior of the program. Assertion helps 

the automated tool to check program‟s correctness. The program‟s correctness is 

checked by using number of assertions violated during a test as a correctness measure 

for the program [40]. The number of assertion violation indicates whether the program 

is working as intended for its input data. Thus, for every input values that produces 

assertion failure results in the failure of program. A assert method allows to assert one 

object is equal, true or false to another object. An assertion method compares the 

actual results with the expected ones or it throws an unchecked exception. If there is 

any assertion violation then it gives the error message for those inputs that have failed 

to the tool. In this thesis, the 3 different testing tools are used. One testing framework 

named JUnit is used for Java language and another two testing tools named NUnit and 

Pex are used for C# language. JUnit and NUnit are used as concrete testing tool where 

as Pex is used for Parameterized testing. All these three testing tools used the assertion 

method for the comparison of expected result with actual result. 

General syntax of assertion for all the three testing tools is as follows 

Equation 1: Syntax for assertion 

Assert(expected result, actual result); 

3.3.2 JUnit  

JUnit was developed by Erich Gamma and Kent Bech in order to provide an easy 

to use framework that encouraged unit testing [3]. JUnit is widely used frameworks 

and is the open source tool developed for Java that helps to write and run unit test 

codes. JUnit provides the automatic execution of test cases but it does not provide 

automatic test case generation, and automatic test evaluation. The core classes of JUnit 

are TestCase, TestRunner, TestFixture, TestSuite and TestResult [26].  

A TestCase is the class that test particular usages of the class under development. 

All the test class must be the subclass of TestCase. A TestCase consists of a set of test 

methods. Test methods are used to verify the result whether the actual output satisfies 

the expected one by using assert methods. It provides the features such as defining test 

data; assert method to evaluate the result and arranging multiple tests in a test suite.  

JUnit provides an assertion technique that compares the actual output with expected 

outputs [25].  

The example for adding two non negative values is explained below that gives the 

clear view about the JUnit test. Here @test annotation defines that the method is the 

test method.   
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Figure 3: Java unit for adding two integers 

 

 
Figure 4: JUnit test code for the above method add(int a, int b) 

 

Assertions are central to the JUnit framework. It provides the rich set of assertion 

as static method of assert class. If the assert fails then the error is reported instead of 

method call. If there are multiple set of assertion then if one fails all the assertion that 

follows the failed assertions will not be executed. Thus, it is wise to try one assertion 

per test. Assertion can be written in two ways: classical-model and constraint-based 

model. Classical model consists of lots of different assertion such as assertEqual(int[] 

expected, int[] actuals), assertTrue(Boolean condition), fail(message), 

assertNull(object), assertFalse(Boolean codition), etc. The constraint based model 

consists of assertThat(object actual, IConstraint constraint) method.  

 

3.3.3 Pex 

Pex is a .NET tool that is developed by Microsoft Research and is integrated into 

Microsoft Visual Studio [13]. Pex is a tool that supports the Parameterized unit testing. 

Parameterized unit testing are specification that is written in terms of code [13]. Pex is 

a white box test generation tool for .NET. It is fully automated tool that helps in 

understanding of .NET code, debugging issues, and in creating test suite that covers all 

corner cases [49]. Pex is the fully automated tool that automates test input generation, 

test case execution and comparing with the oracles. Thus, Pex automatically generates 

test inputs, execute them and compare with the oracle. The test inputs generated 

automatically are able to trigger all the possible cases of code-under-test [15].  

Pex incorporates the parameterized unit test and it produces the small test suite 

with high code coverage and assertion coverage [13]. Due to the total automation, Pex 

results in the better software reliability, productivity and quality. Pex systematically 

and continuously test all the units of code-under-test, thus it reduces maintenance time 

and cost of the software. Pex automatically produces the small test suite with high 

code coverage, assertion coverage and whenever test fails it can suggest the bug fix in 

the test codes [13]. Pex automatically learns the program behavior by monitoring 

execution traces, and uses a constraint solver to produce new test cases with different 

behavior [13].   

The example describes about the Greatest Common Divisor. Where [TestFixture] 

annotation indicates the class that contains parameterized method, [TestMethod] 

indicates that the class contains the sets of test methods, and the class that does not 



  14 

contain any annotation is the method, against which the test methods fed their test 

inputs data and the method that gives the actual outcome.  

 

 
Figure 5: Parameterized method for Greatest Common Divisor 

 

 
Figure 6: Test method for Greatest Common Divisor 

 

 
Figure 7: Main method of Greatest Common Divisor 

3.3.4 NUnit 

NUnit is the unit testing framework. It is the extension of xUnit framework. It is 

developed by using C# language and used for testing for all .NET languages. It 

provides the automatically execution of test cases but unable to provide automatically 

generation of test inputs. The assertions are used to compare the actual outputs with 

the expected results. If the assertion fails, the error is reported and the method call does 

not return any value. Testing is done until all the test cases are run successfully that is 

until all assertions and exceptions are passed. If there are multiple assertion present in 

one unit, when one assertion failed, the assertion below the failed assertion don‟t 

execute. Thus, writing one assertion per test should be done to ride of from this sort of 

problems.  

The example describes about the Greatest Common Divisor. Where [TestFixture] 

annotation indicates the class that contains sets of concrete test methods, [Test] 
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indicates the individual test method, and the class that do not contain any annotation is 

the method, against which the test methods fed their test inputs data and the method 

that gives the actual outcome.  

 

 
Figure 8: Concrete test method for Greatest Common Divisor 

 

 
Figure 9: Main method of Greatest Common Divisor 
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4 SOFTWARE UNDERSTANDABILITY 
Software understandability is the important aspects of software quality because it 

may influence cost and evolution of the software that may be in the case of software 

reuse or software maintenance [29]. The better understanding of the software leads to 

the better quality of the software. Software understandability assists in software 

reusability and software maintainability. However, software understandability is hard 

to measure because understandability depends on the cognitive behavior of human 

[28]. In order to measure understandability, we need to observe external process which 

externalizes understandability [28].   

Understandability can be defined as the effort required reading and correctly 

understanding some pre-define models, documents and source codes [29]. Software 

understandability can be defined as the system that is written by one person that is easy 

to read and understand by another person easily without any resistance. Boehm defined 

software understandability as a characteristic of software quality which means ease of 

understanding software systems [27].  

During the system evolution or maintenance, the need of change may be due to 

enhancing functions, correcting faults, and adapting to the new environment [29]. If 

the developers of the original system were absent, then to reuse the system the new 

developers should understand it before using it [38, 48, 49]. When developers try to 

read or understand the document developed by another developer, the difficulty of 

understanding limits the reuse and maintenance of the software documents or 

programs. If the program under development is difficult to read or understand, the 

program may cause serious faults. Such changes may lead to time and cost 

maximization than remaking the software system.  

 

 
 

Figure 10: new developer might misunderstand the old version and might introduce fault in 

new version 

In order to understand the software understandability, the programmer should be 

capable of comprehend both code and data [38]. The code helps in comprehending the 

processing logic, and the data variables and constant helps in recognizing the input and 

output of the software [38]. Understandability also depends on the code spatial 

complexity (if there is greater distance between the definition and use of module, then 

high effort is required to understand the connectivity between them), and data spatial 
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complexity (it is easy to understand the use of the function, if the programmer is 

capable of recognizing all the functions input values, intermediate values, and output 

values) [38]. 

4.1 Aspects of Software Understandability 
Software should be comprehensible for all that includes creator as well as all 

readers. There are many aspects of understandability some of them are documentation 

and source code, application structure, navigation, procedures, terminology, etc.  

4.1.1 Documentation and source code 

Software is maintained with the combination of source code and documentations. 

Documentation quality and readability of code should be considered while measuring 

the understandability of the code [47]. Understandability depends on how the 

organization of software documents is done. Understandability of source code depends 

on the complexity of the software and requires the cognitive abilities to understand the 

software [38]. Source code and document readability should be taken into account 

while measuring software understandability. Understandability is the prerequisite for 

reading documents (comprehension) and for creating documents (specification) [38]. If 

the source code is easy to read, and understand then a programmer can quickly and 

accurately obtain the critical information about the software [38]. Thus, 

understandability leads to better management of source code and the whole software 

projects.  

Readability of source code can be measured by finding percentage of comment 

lines in total code. A Comment Ration (CR) is defined as  

CR=LOC/LOM 

Where LOC represents total lines of code including comments and LOM refers 

total lines of comments in the code [34].  

The symbolic method can be used for estimating the understandability of programs 

source code. Different programming language and modeling languages uses different 

symbols (technical or textual symbols). The symbols can be graphical symbols, 

technical symbols and textual symbols in a unique language (natural language, 

programming languages, various modeling languages, etc) [35]. The technical symbol 

is composed of character-based and graphical based symbols. Graphical symbols are 

used during modeling methods. Character-based symbols like <, >. ==, <=, >=, //, /* 

*/, if, else, while, int, char, const, struct, #define, etc are used during modeling and 

programming language [35].  Textual symbols are natural words such as 1, 2, s, d, file, 

result, ref, bit, to, this, etc. The symbolic categorization helps in reading the textual 

complexity of the software [35]. Textual symbols are very hard to understand and 

these symbols are written by developers whereas technical symbols are generated by 

the software methods and tools [35].  

4.1.2 Understanding of Structure or Components 

Understandability depends on the understanding of the software system as well as 

comprehension of human resource [28]. The average number of attempts needed for 

the correct reconstruction of multiple software system by one human resource means 

comprehension of human resource [28].  Whereas the average number of attempts 

needed for correct reconstruction of single software system by many human resources 

means understandability of the software system [28]. 

During reconstruction of code if programmer faces any problem that is due to 

problem in understanding the code, associated structure, and components used during 

the program. Understanding is not only based on the comprehension of software 

system but also on the methods or frameworks that is used by the programmer.  
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4.1.3 Code complexity 

The programs source codes are considered as the complex software document and 

it is considered as the reliable document that describes the system in maintenance 

situations [35]. Understandability highly affected by the complexity of the 

components, data and source code of the software programs. Thus in order to control, 

manage, and maintain software, the software complexity needs to be measured 

[38].Naming conventions used for variables, constants, functions, objects, etc highly 

affects in understandability of program source code. This sort of problem can be 

overcome by using natural language that also describes the functionality of the 

program and avoiding using of abbreviations in source code [35]. Understandability is 

inversely proportional to complexity, if the understandability increases then the 

complexity of source code decreases and vice-versa [35]. 

The methods such as cycloramic complexity, Halsted method, etc are used to 

measure the complexity of the code and structure of program. 

4.2 Factors Affecting Software Understandability 

Understandability of software is depends on the independent variables, dependents 

variables and extraneous variables. The independent variable is the one whose effect is 

to be measured (e.g. data models, graphical query language, conceptual data models) 

[29]. In contrast to independent variable, the dependent variable is the one on which 

the effect of the independent variable is measured [29].  

The Figure 4: shows the complete affecting factors during experimentation of the 

understandability. Understandability depends on the modeling of the software, task to 

be solved, on the content described, tools used for the experiment, the knowledge of 

the participants on the specific domain, and extraneous variables.  

The metamodel is primary independent variable for understandability that 

constituent of abstract syntax and concrete syntax [29]. The abstract syntax defines the 

constructs of model such as complex data types, attributes, and element data types and 

the concrete syntax consists of graphical notations and textual notations.  

Extraneous variables systematically manipulate the dependent variables and thus 

confound the experiment results [29]. The persons involved during experiment are 

participants and experimenters. Demographic characteristics and knowledge related to 

domain knowledge of the participants affects in the understandability of the 

experiment. The domain knowledge of the participants distorts the result of 

understandability as it enables inferences. Outcome of the experiment depends on 

behavior (expecting a particular outcome) of the experimenter and the ability of the 

experimenter to instruct participants. 
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Figure 11: Theoretical Framework for Investigations on Understandability [29] 

The experiment is dependent on the experimental situation and conduct of 

experiment. The experimental situation is depends on the condition of the 

experimental location (noise, temperature), the equipment (fault equipment, 

calibration) and the time of the experiment. The conduct of the experiment depends on 

the position effect where performance depends on the timely distance of a task from 

the start of the experiment (e.g. exhaustion, bored, learning, etc) [30] and Carry-over 

effect where the performance achieved in some task depends on whether or not some 

other task has been done before [36] . In problem solving task, the participants are 

requested to determine whether and how certain information can be retrieved from a 

model [31].  

Dependent variable can be measured by using frequency to response correct 

answer, response time that a participant reacts, response duration that a participant 

deals with a task and amplitude that measures the strength of response [29]. 

Experimental task is based on comprehension tasks and modeling tasks [29]. 

Comprehension tasks can be subdivided into surface-level understanding and problem-

solving tasks. If the questions refer to the constructs of the model (e.g. “How many 

attributes describe the entity type ORDER?”) then the task is called syntactic. In 

contrast, semantic tasks assess the understanding of the contents described (e.g. “Every 

employee has (a) a unique employee number, (b) more than one employee number”) 

[32].  

4.3 Different Ways of Measuring Understandability 

Understandability can be measured in various ways that depends on the subject to 

understand, in which condition the experiment has taken place, factors affecting the 

understandability that are independent variables, dependent variables, and extraneous 

variables and so on. If the understandability is to be measured then, the comprehension 

tasks should be taken into consideration. The understanding should be measured on the 

basis of semantic comprehension task, since problem solving task address deeper level 

of domain understanding.  
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 Understandability depends on the human readability of the software 

documents. Readability of code is obtained by understanding the line by line 

code of the code. According to [33], understanding is obtained by using 

readability scoring. Readability scoring uses the scaling system that varies 

from label 1-5. The participants used this scaling system to scale their 

understandability about the subject. The label 1 represents “less readable”, 

label 3 represents “neutral” and label 5 represents “more readable”. The 

readability is the judgment about how easy to understand the particular subject 

given in particular environment or setup. This technique is the scaling 

technique used to evaluate understandability. 

 Understandability can be measured by allowing participants to write test for 

the given scenarios or stories. According to [23], participants are given a set of 

externally testable and having block box acceptance tests written by authors. 

The experiment consists of 105 black box acceptance tests with over 350 JUnit 

assert statements. The subjects wrote their own test using JUnit for the 

assigned technique (Test-First Programming or Test-Last Programming). At 

the end, programmers test are evaluated by comparing programmers test with 

acceptance tests.   

 Understandability can be measured by giving closed ended questionnaires for 

the participants and allowing them to select the write answer from the multiple 

choices. The correctness of interpretation is usually verified by asking 

questions about some subject matter (about some content of the model).  

 Understandability can be measured by allowing participants to test their own 

program using automated testing tools. Here, participants write their own 

testing codes and allowed to test their own testing codes by using automated 

testing tools. These automated testing helps to analysis their results and the 

obtained results determine their understandability of their own written codes. 

4.4 Aspect of Understandability and measures of understandability used for 

the experiment 

For the experiment, mainly understandability of the source code, and 

understandability of structure or component regarding the program under test were 

taken into account. Understandability of program under test may depends on apparatus 

used, environment of the experiment, extraneous variables, programming language, 

and testing tools. Depending factors of understandability for the experiment can be 

generalized as shown in the Figure 16. 
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Figure 12: Depending factors of Understandability 

The Figure 16 describes the depending factors of understandability for both the 

treatment variables concrete testing and parameterized testing. It also describes the 

measures that are used for measuring the understandability. Understandability is being 

measured by using questionnaires for two different cases. Both the cases are measured 

by using paper documents. 

The questions based on understandability of general unit testing is measured to 

comprehend the understandability of participants, how well do they know the unit 

testing, concrete testing, parameterized testing? Reading Scalability is been used as 

measure for the understandability of general unit testing, concrete testing, and 

parameterized testing. The scales from 1 to 5 is used to measure understandability 

where  

1 – Indicates not applicable 

2 – Indicates strongly disagree 

3 – Indicates neutral 

4 – Indicates agree 

5 – Indicates strongly agree. 

 

The questions regarding concrete test cases and parameterized test cases are based 

on closed ended questions. These closed ended question developed on the basis of 

testing codes, and specifications. Each questions measures different types of 

understandability. The different types of understandability that are being used are  

 Understandability of specification 

 Understandability of Compilation 

 Understandability of Argument Type 

 Understandability of Return Type 

 Understandability of Exception 

 Understandability of Valid/Invalid Test Input 

 Understandability of Valid/Invalid Test Case 

 Understandability of Test Case Generation 

 Understandability of Actual Outcome 

 
Time to response and numbers of correct answers are used as measuring variables to 

conclude the result.  
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5 EXPERIMENT 
An experiment is a scientific investigation in which one or more independent 

variables are systematically manipulated to observe their effects on one or more 

dependent variables [36]. An experiment determines whether the specified hypothesis 

is either true or false. Thus, the hypothesis must be formulated in terms of independent 

and dependent variables. To formulate these hypothesis measureable theories about 

understandability is required. 

In an experimental design it is necessary to identify all the aspect of the 

experiment that is about to be conducted by the researchers. All the dependent and 

independent variables along with the tools, techniques and method and population 

selection should be identified in the experimental design.  

Experiment depends on participants, materials, procedures and measures used 

during an experiment. Participants are normally known as subjects for an experiment. 

The subject can be selected randomly or not randomly according to the need of the 

experiment. In random selection, an individual is randomly assigned to groups. 

Whereas non random selection means the researcher will divide the participants 

according to their capabilities and experiences.  

All the variables that are directly or indirectly affects an experiment should be 

identified before conducting the experiment. The variables may be independent, 

dependent or the extraneous variables. The independent variable is the one whose 

effect is to be measured. The treatment variable is one of the independent variable 

whose effect is to be measured during experiment. In contrast to independent variable, 

the dependent variable is the one on which the effect of the independent variable is 

measured. Extraneous variables such as demographics, characteristics of participants, 

etc systematically influence the dependent variables. 

All the instruments, tools and standards that are used during the experiment should 

be identified before conduction the experiment. The instruments development, the 

items used, scales, report of reliability and validity scores on past uses should be stated 

clearly [37].  

5.1 Experimental Design 

The experimental design procedure indicates the overall experiment type, the 

design, and a visual model that assist the reader to understand the procedures [37]. The 

experiment type may be pre-experimental designs, true experiments and single subject 

designs [37]. In pre-experimental design, results are provided by studying single group 

and do not consists of control group to compare with experimental group.  In quasi-

experiments, groups are formed non-randomly and control groups are compared with 

the experimental group for the result. In true experiment, all the participants are 

randomly assigned to various treatment groups randomly. In single-subject design the 

behavior of an individual is observed over time [37].  

An experimental design is the plan that joins independent variables and control 

techniques to conduct experiment. The experimental designs can be between subjects, 

within-subjects, block design and factorial design.  

In between-subjects design participants are randomly assigned to two or more 

groups. Each individual group will be given only one treatment. Thus, the carry-over 

effect is minimized in this design [29]. These groups are compared with each other in 

this design.  

A factorial design is applied when more than one independent variable has to be 

investigated.  

In a block design, all the groups will have the same numbers of participants. The 

participants are randomly assigned to different groups on the basis of experiences (e.g. 
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high, medium, low experience) and all the groups will bear equal balance in terms of 

numbers of participants, experiences, knowledge, etc.  

The within-subject design is mainly suitable for the small samples where one 

group is tested for all level of independent variables [29].  In this design all the 

extraneous variable related to the participants will remain constant for whole 

experiment. This design may affect the experiment since it carries the carry-over effect 

and the experimenter bias on the experiment. For example, in a repeated measure 

design, participants are assigned to different times during the experiments.  

5.1.1 Experiment Setup 
Experimental design is the way where numbers of participants are selected and 

assigned to experimental conditions. In this experiment the experiment is based on two 

different unit testing techniques; concrete testing and parameterized testing.  

 

 
Figure 13: Experimental Design 

 

5.1.1.1 Goals 

The main goal of the research is to investigate how well the practitioners or 

students of academia will understand general test cases and concrete test cases, thereby 

enabling the analyst to decide which one is more understandable. 

5.1.1.2 Hypothesis 

Hypothesis is prediction that the researcher holds about the relationship among 

variables [37]. Hypotheses are numeric estimates of population values based on data 

collected from samples [37]. The experimenter compares the groups and draws the 

inferences about the population from the sample. Hypotheses help the research to take 

control over the experiment.  Hypotheses can be written in two ways: 

Null hypotheses show that in general population, no relationship or no difference 

exists between groups on a variable. Null hypothesis is considered as the true 

hypothesis for the experiment. In null hypothesis, it shows that the environments, 

tools, methods and techniques that are used in experiment do not have any difference 

on the dependent variables.  

Alternative hypothesis is the rejection of null hypothesis. In alternative hypothesis, 

it shows that the two treatment variables have clear difference with each other. 
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In parameterized test cases the test software can generate many different test 

instances and execute them automatically. Thus, even though the developers write 

fewer and smaller tests they can test more. However, it is not clear what other effects 

the use of generalized test cases has. The proposed hypothesis is “More general test 

cases are harder to understand than concrete ones and thus would lead to tests that are 

harder to understand.” 

 

H0: “There is no significant difference in understanding general test cases and 

concrete test cases.” 

H1: “More general test cases are harder to understand than concrete ones and thus 

would lead to overall test that are harder to understand.” 

 

5.1.1.3 Experiment Design  

The factorial design is used for the experiment as there are more than one 

independent variables used in the experiment. The experiment used 1 factor with two 

treatments. The two treatments refer to concrete test cases and parameterized test 

cases. The selected participants were the student of MSc. at Blekinge institute of 

technology. The subjects were selected on the basis of their technical skills in the 

programming and they were assigned into two separate groups randomly. The numbers 

of participant involved in the experiment were 24. All the participants involved in the 

experiment had experience of software development in Java and C#. The participants 

were divided in two groups of 12 each for Java and C#. These Groups were further 

divided randomly into the group of 6 participants each.  

 

Table 1: Basic information of experiment 

Types Definition 

Subjects MSc. Software Engineering 

MSc. Computer Sciences 

Environment Class Room 

Apparatus Document containing Questioners (Close 

ended question) 

Experimental Design Method Factorial Design Method 

Programming Languages Java, C#. 

Testing Tools JUnit, NUnit, Pex 

Groups JUnit Concrete Testing (6 Subjects) 

JUnit Parameterized Testing(6 Subjects) 

NUnit Concreter(6 Subjects) 

Pex Parameterized Testing (6 Subjects) 

5.1.1.3.1 Subjects 

The subjects for the experiment were the Master students of Computer Science and 

Master Students of Software Engineering of Blekinge Institute of Technology, 

Ronneby, Sweden. Subjects were selected on the basis of their programming skills and 

testing skills. During the experiment, the subject personal information was asked. This 

information will not be disclosed to anyone in the future.  
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5.1.1.3.2 Conduct 

The experiment was based on the classroom environment. An individual was 

selected on the basis of their technical skills on the testing and coding. Every 

participant was kept in the silence room to conduct experiment. Conducting 

experiment in the silence reduces the effect caused by the experimental situation by 

selecting the favorable time to experiment and selecting silent room for the 

experiment. The subjects were randomly divided into two groups and they were 

provided with two different treatments. One group is given a set of test cases and 

corresponding questionnaires related to concrete testing while another group is given a 

set of test cases and corresponding questionnaires related to parameterize testing. 

Participants were given written instruction of the material that is to be tested. All the 

participants were told to answer the questions correctly in minimal time.  

5.1.1.3.3 Apparatus and Experiment Task 

The instrument used to conduct the experiment is in the form of document. The 

document consists of the test cases and the list of questionnaires. The questionnaires 

are divided into general unit testing questions, and questionnaires related to concrete 

test cases and parameterized test cases. 

The experiment task consists of three small programs written for concrete test 

cases and parameterized test cases. The subjects were given a set of closed ended 

questionnaires concerning the content of the test cases. The participants have to answer 

the write one from the numbers of available answers correctly in minimum time.  

5.1.1.3.4 Procedure 

Before conducting the experiment subjects were given the set of pre-

questionnaires that consists of the questions regarding their technical skills, coding 

skills, testing skills. The experiment was held for two treatment variables (concrete test 

cases or parameterized test cases). All the information about the tools, frameworks and 

knowledge about testing were provided before real experiment to be conducted. 

Subjects of both the groups were given the general instruction about the assertions, and 

about their corresponding language framework (JUnit, NUnit or Pex). The subjects 

were informed about the goal of the project but they were unaware of the hypothesis of 

the experiment.  

The subjects were divided randomly into two groups (concrete test cases and 

parameterized test cases). Then each subject was given a set of multiple choices 

questionnaires corresponding to the set of test cases. The results were evaluated on the 

basis of no. of right answers per unit time, time, effort, performance, and quality. At 

last two different sets of results obtained from two different treatment variables are 

compared with each other to state hypotheses.  Is it right or wrong?  

5.1.1.3.5 Experiment variables 

The experiment variables were formulated well before conducting the experiment. 

The variables that are determined during the experiment are listed below in the Table 

1. 

Table 2: Variables 

Variable type Variables 

Independent Subjects 

Programming languages (Java, C#) 

JUnit, NUnit, Pex 



  26 

Treatment  Concrete Testing 

Parameterized Testing 

Dependent  Understandability 

Time 

Accuracy (Correctness) 

Extraneous Participants Gender/Sex, Age 

Experiment situation(noise, temperature) 

Equipment (fault equipment, calibration) 

The time of the experiment 

Conduct of experiment 

Carry over effect 

5.1.1.3.5.1 Independent Variable 

The experiment is based on the understandability of the participants on concrete 

test cases and parameterized test cases based on test codes, program codes and 

specifications. The independent variables for the experiment are subjects of the 

experiment, programming languages and testing tools. 

5.1.1.3.5.2  Treatment Variables 

There are two treatment variables in the experiment. The treatment variables are 

concrete test cases and parameterize test cases. 

5.1.1.3.5.3  Dependent Variable 

The experiment is conducted to measure the understandability of the participants. 

Thus, understandability is the dependent variable for the experiment. 

Understandability is based on the readability of the test codes, program codes, and 

specifications. 

5.1.1.3.5.4 Extraneous Variables 

Extraneous variables systematically manipulate the dependent variables and thus 

confound the experiment results. The extraneous variables for the experiments are 

participants and experiment. Demographic characteristics and knowledge related to 

domain knowledge of the participants affects in the understandability of the 

experiment. The domain knowledge of the participants distorts the result of 

understandability as it enables inferences. Outcome of the experiment depends on 

behavior (expecting a particular outcome) of the experimenter and the ability of the 

experimenter to instruct participants. 

The experiment is dependent on the experimental situation and conduct of 

experiment. The experimental situation is depends on the condition of the 

experimental location (noise, temperature), the equipment (fault equipment, 

calibration) and the time of the experiment. The conduct of the experiment depends on 

the position effect where performance depends on the timely distance of a task from 

the start of the experiment (e.g. exhaustion, bored, learning, etc) and Carry-over effect 

where the performance achieved in some task depends on whether or not some other 

task has been done before.  

5.1.2 Experiment Execution 

In order to start the experiment all the students were given the general instructions 

and outline of the experiment. Then the students were divided into two groups one for 
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java programming language and one for C# programming language. Groups for java 

and C# are further divided randomly into two sub groups for evaluating concrete test 

cases and parameterized test cases. After this division all the four groups were 

presented same set of General Questions and questions regarding to their respective 

test cases.  

Understandability of the participants was measured on the basis of readability of 

programming code, and test methods. Readability is measured through the set of 

questions that are developed on general unit testing, and concrete testing and 

parameterized testing. Readability is measured by calculating time to response correct 

answers of particular set of question. 

The general unit testing questionnaires are asked to know the participants 

knowledge on the unit testing, concrete unit testing and parameterized testing. The 

scaling method was used to analysis the result of general testing questions. The general 

test question is based on the reading scalability where the participants will provide 

their answer according to the given scale 1 to 5. 

1 – Indicates not applicable 

2 – Indicates strongly disagree 

3 – Indicates neutral 

4 – Indicates agree 

5 – Indicates strongly agree 

Table 3: Question for General Testing 

S.

N. 

Questions 
Scales 

  1 2 3 4 5 

1.  What is unit testing?      

A.  A test of smallest separate unit      

B.  A technical test with in/out parameters      

C.  A test that focuses on separate functions      

D.  A test that must execute separately from rest of the 

system 

     

 

2.  How is unit testing conducted?      

A.  Based on program structure      

B.  Monitored by coverage measurement      

C.  Automated execution      

D.  Automated follow up      

 

3.  Who will conduct the unit test?      

A.  Developers/tester      

B.  Developers      

C.  Testers      

D.  The quality department      

 

4.  How unit tests are documented?      

A.  Documented in text file      

B.  Documented in test code/source code      

C.  Documented in database      
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5.  When unit test is executed?      

A.  For each compilation       

B.  Many times daily      

C.  At least once daily      

D.  At least weekly      

 

6.  Why unit test are conducted?      

A.  To ensure that unit functions are expected      

B.  To accept a unit from other source      

C.  To specify a unit      

D.  To meet customer requirements      

 

7.  What is concrete testing?      

A.  Passing test input as fixed arguments      

B.  Passing test input as parameters      

C.  Testing for only single test input      

D.  Testing for the entire set of possible input values      

 

8.  What is parameterized testing?      

A.  Passing test input as fixed arguments      

B.  Passing test input as parameters      

C.  Testing for only single test input      

D.  Testing for the entire set of possible input values      

The questions regarding concrete test cases and parameterized test cases was 

closed ended questions. The questions were based on the testing codes, and 

specification. The experiment document that consist questionnaires and its 

corresponding test cases are shown in Appendix A – D. Appendix A consist of Java 

Concrete test cases with its corresponding questionnaires. Appendix B consists of C# 

Concrete test cases with its corresponding questionnaires. Appendix C consists of C# 

Parameterized test cases with its corresponding questionnaires. Appendix D consists of 

Java Parameterized test cases with its corresponding questionnaires.  

Selected Examples for the experiment are Euclidean Algorithm, Binary Search 

(Divide and conquer), Capitalization and StringTokenizer. Each question measures the 

understandability of different types such as specification, compilation, argument type, 

return type, exception, valid test input, invalid test input, valid/invalid test cases, test 

case generation, and actual outcome.  

5.1.3 Pilot Testing 

The main Purpose of conducting the pilot testing was to determine the problems 

associated or that may be encountered during the experiment. The pilot testing was 

conducted inside a group room at Blekinge Institute of technology. The subject of the 
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Pilot testing was the student of Blekinge institute of technology in silent environment. 

Four sets of questionnaires were designed that was based on parameterized test cases. 

The programming language that was selected is C# and the testing tool that was used is 

Pex.  Experimenters were present during the pilot testing in order to clarify any 

misunderstanding of questionnaires. The pilot testing was held with two subjects at 

two different times. 

5.1.3.1 Pilot Testing 1 

The participant for the Pilot Testing was the student of Msc. Computer Science at 

Blekinge institute of technology. The participant was provided with the early 

instructions by the experimenters. A set of 4 examples was given to the subject. 

Examples that were given to the participants were Euclidean, Binary Search, 

Capitalization and StringTokenizer. Student was showing a lot of interest while 

answering the questionnaires. During the first pilot testing, the participant took about 

40 minutes to solve every example with 60 percentage of the answers correctness.  

Time and correctness were two measures that are used to decide the results of the 

experiments along with its effect on the overall experiment. In the first post pilot 

testing, it was observed that the questionnaires were too long. So to observe and 

confirm the time taken by the subjects, the second pilot testing was held.  

5.1.3.2 Pilot Testing 2 

As observed from the first pilot testing 4 examples were too much lengthy and 

tiring for the participants, so in the second pilot testing the questionnaires were 

reduced to 3 examples. Examples that were given to the participants were Euclidean, 

Capitalization and StringTokenizer.  Programming language and testing tools were the 

same as first one. The pilot testing was conducted in the group room at Blekinge 

institute of technology in silent environment. The subject was the student of MSc. 

Security Engineering at Blekinge Institute of technology. During the experiment the 

subject has asked for one or two confusion that he found in the questionnaires. All the 

confusions and mistakes were edited so that it will be clearer for the subjects.  This 

time the subject took 23 minutes to solve one problem, 29 to solve second problem and 

13 to solve third problem. He managed to answer 67 percent answers correctly. 

After second pilot testing it is confirmed that the subjects will take near about 2 

hours approximately for the experiment with 3 examples. Thus we decided to go with 

the 3 examples. 

5.1.4 Understandability of Unit testing, Concrete testing and Parameterized testing 

We tried to measure understandability of unit testing, concrete testing and 

parameterized testing from the experiment itself. We have given the participants a set 

of questionnaires on unit testing, concrete testing, and parameterized testing. These 

questions are based on reading scalability.  Reading scalability varies for scale 1-5 and 

the participants scaled on the basis of given scales. The given scales are 

1 – Indicates not applicable 

2 – Indicates strongly disagree 

3 – Indicates neutral 

4 – Indicates agree 

5 – Indicates strongly agree 

 We conducted experiment with 24 participants and after average scales are 

shown in the Figure 14. 
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Figure 14: Showing result for general unit testing questionnaires 

The first 6 questions are related to the general unit testing questions. From the 

Figure 14, it is clear that the most of the participants have good knowledge on general 

unit testing. The question number 7 is related to the concrete test cases. The analysis 

shows that the participants have good knowledge on concrete test cases too. The last 

questions refer to parameterized test cases. The Figure 14 shows that most of the 

participants were unaware of parameterized test cases. From, this we can conclude that 

most of the participants have good knowledge on unit testing, and concrete test cases 

but they lack certain understanding in parameterized test cases.  

 

5.1.5 Difficulties in Understanding Concrete and Parameterized Testing 

Experiment was based on parameterized and concrete test cases of three different 

examples. Experimenters have ensured that the code is well written and is not 

complex.  Apart from all that there were some difficulties for the users in 

understanding test codes for both parameterized and concrete test cases. Experimenters 

were present in the experiment room, controlling the experiment. The few things they 

noticed during experiment are as following  

  

 The codes were written in specific frameworks for both languages java and 

C#. The frameworks like JUnit, NUnit and Pex were used for developing test 

cases. Subjects were taking interest in the experiment but some testing tools or 

frameworks were new to them.  
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 The Technique of developing parameterized test cases was new to them. So 

they had problems in understanding test cases developed in parameterized test 

cases. 

 Few subjects have certain problems in understanding the codes and test codes. 

They were finding codes and test codes complex and difficult.  

Subjects of both groups had problems in understanding attempting the problems 

both parameterized and concrete test cases but the major difference was seen after 

collecting data from the experiment. There were few common things noticed in the 

participants of both groups. The things which were important to conclude which 

method is easier to understand among parameterized test cases and concrete test cases.  

 

 The time taken by the participants of concrete test cases was lesser than the 

time taken by most of the participants from parameterized test cases. Which 

indicates that understanding parameterized test cases was more time 

consuming than concrete test cases.  

 Not only parameterized test cases were taking more time of user but also users 

were not able to answer more correct answers than concrete test cases. 
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6 DATA ANALYSIS AND VALIDATION 

6.1 Data Arrangement 
Data arrangement is the basic step of evaluating data gathered from the 

experiment. The collected data was organized in order to calculate the result of 

experiment. There were 24 participants in the experiment. All the 24 participants were 

firstly divided into two groups of 12 for Java and C# respectively.  These groups were 

further divided into two groups each for java and C#.   

Table 4: Division of Subjects 
Treatments Subjects for C#. 12 Subjects for Java 

12 

Total 

Concrete Test Cases 6 6 12 

Parameterized Test 

Cases 

6 6 12 

Total 12 12 24 

  

There were 3 examples given in the experiment and data for every example was 

arranged separately in the early stages of analysis. Examples that were given to the 

participants were Euclidean, Capitalization and StringTokenizer. The data from 

experiments was arranged according to treatments. After all these arrangements the 

results of all three examples were combined to make one data set for conclusion.  

6.1.1 Data arrangement according to programming language 

The questionnaires were developed in two programming languages C# and Java 

respectively. Two treatments were decided for the experiment. To develop test cases 

for java and C# testing tools like JUnit, NUnit, and Pex were used. JUnit was used to 

develop concrete test cases for Java. NUnit was used to develop Concrete test cases in 

C# and Pex was used to develop parameterized test cases in C# and Java. Both 

treatments parameterized and concrete were applied to the both programming 

languages separately for each set of examples. The data was managed for every 

example separately in order to compare the result of every example in both languages. 

Two measures for data analysis were decided which were time and correctness ratio of 

answers. The examples were  

 Euclidean 

 Capitalization 

 StringTokenizer 

Time and correctness ratio are two measures for data analysis. The ratio of correct 

answers given by every participant will also be measured in data arrangement. The 

ratio will be measures by the formula given below 

Equation 2: Ratio 
Ratio= (Correct answers given*100)/Total number of questions 

6.1.2 Arranged Data in one group for Concrete test cases 

At the last stage before data analysis gathered data from all three examples was 

combined in one group. The table was arranged on the basis of total time taken by 

participants to solve overall experiment with overall correctness ratio of answers given 

by every individual of the group.  
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Figure 15: Result of total time and total correct answers for Concrete Test Cases 

6.1.3 Arranged Data in one group for Parameterized test cases 

The data for group solving parameterized test cases was also gathered in one group 

for both measures time and correctness ration of the answers given by participants.  

 
Figure 16: Result of total time and total correct answers for Parameterized test cases 

 

 

6.2 Data Analysis 
Data analysis is the most important phase of the experiment after its execution. 

Data analysis will be conduct on the basis of data collected on the experiment. 

Descriptive testing and hypothesis testing is required for the experiment. Data will be 

analyzed by [1] following three steps 

 Descriptive Statistics  

 Data Set Reduction 

 Hypothesis Testing 

6.2.1 Descriptive statistics 

Description statistics is used to measure data collected from the answers of questionnaires 

given by participants. This method is particularly used to determine the distribution of data 

in numbers and graphs. There are various descriptive methods to have a general idea of data 

sets collected from the experiment. Different measurement scales are provided to measure 

the data. Table 3 shows the measurement scales with statistical methods. 
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Collected data will be analyzed by using measure of central tendency measurement methods 

for statistics. The mean is used to calculate the averages of the data collected from the 

experiment. As the experiment was based on two groups, averages of data from both groups 

will be compared in by using mean for the data analysis. The data in descriptive statistics 

will be analyzed with the time taken by the participants to solve the questionnaire and 

correctness of the data. Following is the formula that is used for calculating the mean of the 

data. 

Equation 3: Mean 

 
In the given formula „n‟ is used as the total sample size whereas „ҳ‟ is used as the 

data against the sample. And there sum is considered as „∑X‟. to analyze the data for 

correctness or to determine that how accurately the data has been collected standard 

deviation is used. In the following formula „σ‟ is considered as the standard deviation. 

 

Equation 4: Standard Deviation 

 
 

Figure 17: Scales with Statistical methods 

Type of 

Scales 

Measure of 

Central 

Tendency 

Measure of 

Dispersion 

Measure of 

dependency 

Nominal 

Scale 

Mode Frequency  

Ordinal 

Scale 

Median, 

Percentile 

Interval of variation Correlation of Coefficient 

Interval 

Scale 

Mean Standard deviation, 

Variance, and range 

Correlation of Coefficient 

Ratio Scale Geometric mean Coefficient of 

Variation 

 

 

Graphical visualization methods are used to show the relationships of variables in 

data collected from the experiment. These methods use different graphs to show the 

result in a proper way which makes data analysis simpler and easier to understand. 

Following example is based on the assumed values for the experiment. This 

experiment determines how the experimenters will analyze the data in form of graphs 

and tables.  

Time and correctness are the two measures that are used for the data analysis. 

Time is one of the measures that are used for data analysis. The time taken by one 

participant could vary from another participant and so on.  

6.2.2 Time 

Figure 18 shows the data sets for the time taken by the individuals to solve 

questionnaires for both concrete and parameterized test cases. Time taken by 

individuals to solve every example is combined to formulate the Figure 18. 
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Figure 18: Overall Time Taken By participants 

During experiment subjects were instructed to write starting time and ending time 

of every example given to them. Experimenters added the time taken by the subjects to 

solve all examples. A Figure 18 consisted of 12 data elements for both treatments. 

Time was one of the measures selected to conclude the results for the experiment. 

Time was selected as a measure because experimenters wanted to know how much 

time subjects take to solve the questionnaires. 

Table 5: Descriptive Statistics for time 

Descriptive Statistics 

 

N Mean 

Std. 

Deviation 

Minimu

m 

Maximu

m 

Percentiles 

 

25th 

50th 

(Median) 75th 

Parameterize 12 59,3333 13,47276 43,00 85,00 46,5000 58,0000 71,5000 

Concrete 12 54,3333 13,97617 32,00 72,00 40,7500 54,0000 69,2500 

Initially there were 4 groups consisted of 6 people each. But later those groups 

were joined into two groups to obtain effective results. These groups were for concrete 

test cases and parameterized test cases having 12 subjects each. A comparison of both 

groups was made to determine whether the collected data is sufficient enough or not. 

The group solving example of parameterized test cases took 59 minutes to solve the 

experiment on average bases in comparison of 54 minutes to the group solving 

concrete test cases. Standard deviation was 13.47 percent for the group solving 

parameterized group and 13.98 for the group solving concrete test cases. Minimum 

and maximum time taken by an individual of parameterized group to solve the 

questionnaires was 43 and 85 minutes respectively. Whereas minimum and maximum 

time for the group performing experiment for concrete test cases was 32 and 75 

minutes. Percentiles were also calculated to check the consistency of the data. 

Calculated 25th, median, 75th percentiles for parameterized group were 46.50, 58.00 

and 75.50 respectively. For concrete group calculated 25th, median, 75th percentiles 

were 40.75, 54.00 and 69.25. From the descriptive statistics it was clear that values 

were quite consistent for the analysis. 

6.2.3 Correctness 

The second selected measure was correctness ratio of the answers given by the 

participants. Figure 19 shows total correct answers given by every participant of the 

groups solving parameterized test cases and concrete test cases.  
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Figure 19: Overall correct answers given by participants 

 

As mentioned correctness ratio was the second selected measure to conclude the 

results of experiment. Above table shows how many right answers an individual has 

given from a set of 37 questions for both parameterized test cases and concrete test 

cases. Correctness ratio was selected as measure to determine that how well subjects 

have understood parameterized test cases and concrete test cases developed in C# and 

java. The descriptive statistics is performed on the data set for correctness ratio to 

check its consistency and to see if the data is collected properly or not. 

Table 6: Descriptive Statistics for correctness 

Descriptive Statistics 

 

N Mean 

Std. 

Deviation 

Minimu

m 

Maximu

m 

Percentiles 

 

25th 

50th 

(Median) 75th 

Parameteriz

e 
12 20,7500 3,76889 16,00 28,00 17,5000 20,0000 23,5000 

Concrete 12 24,2500 2,92715 19,00 29,00 22,2500 24,0000 26,7500 

Total numbers of 12 participants were involved in the experiment for each group 

solving parameterized test cases and concrete test cases. The participants for 

parameterized test cases gave almost 20.75 right answers on average with standard 

deviation of 3.76. Minimum and maximum answers given for the particular group 

were 16 and 28 respectively. The 25th, 50th and 75th percentiles for parameterized 

group were 17.50, 20.00 and 23. 50. In comparison the participants solving concrete 

test cases given 24.25 right answers on average with standard deviation of 2.93. 

Minimum right answers given by an individual for the group was 19 where as 

maximum correct answers given by an individual were 29. Calculated 25th, 50th and 

75th percentiles for the concrete group were 22.25, 24.00 and 26.75. Descriptive 

statistics indicates that the data has been taken properly.  

6.3 Data Set Reduction 
Data set reduction is the second step of data analysis. The data for general 

understanding is analyzed by different techniques. Whatever the results are the quality 

of the analyzed data is dependent on the quality of data input. If the analyzed data is 

giving different results there must be some error occurred in data collection. These 

errors may be considered as the systematic error or outliner which means data has very 

large or very small difference with all other data elements. To overcome this problem 

different graphs such as scatter diagram are used [44]. One specific value is considered 
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as the base value of the data or it can be called average value. If collected data lies 

close to that point or value, it means that data is successfully gathered by the 

experimenters. If data does not lie within that limit that means there are some outliers 

or delimiters in the collected data. The graphs like histogram and methods like normal 

distribution are used to indicate the normality of the data. There are other methods 

available for data that indicates whether the data is good enough for the hypothesis 

testing or not. In this case the experimenters were measuring the understandability of 

the user in parameterized test cases and concrete test cases by giving them 

questionnaires related to different test codes. Subject selected for the experiment were 

the students of Blekinge Institute of Technology. Subjects were decided on their ability 

of programming. Different individual has different sort of experience in development 

and testing so they might take various minutes to solve each example. As the 

programmers or developers were experienced so their results would be considered as 

valid one. Kolmogorov-Smirnov test is applied on the data to test the normality of the 

data sets. The test is used to decide the difference between two data sets [45]. The 

dotted line in the graph is representing time taken by concrete test cases whereas the 

plain line is representing the time taken by parameterized test cases. Following are the 

graphs showing the difference between the data obtained for time. 

 
Figure 20: Kolmogorov-Smirnov of Time difference between treatments 

Above graphs shows the time difference for data taken from two different data 

sets. As mentioned in the descriptive statistics the data was taken from groups solving 

parameterized test cases and concrete test cases. In the graph „X‟ indicates the 

approximate mean of both data sets. The approximated mean for both data sets is 50. 

The intersection points between the dotted lines and clear line shows similar amount of 

time taken by the participants for both data sets. Both groups were containing a value 

which can be considered as „outlier‟ or „delimiter‟. For the group of parameterized test 

cases outlier was 85 and for the group of concrete test cases outliers were 32. The plain 

line in following graph is showing the correctness ratio of answers for parameterized 

test cases and dotted line is showing correctness ratio of concrete test cases. 

Kolmogorov-Smirnov was also applied on the correctness ratio of data to identify 

outliers and delimiters from the data sets. 
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Figure 21: Kolmogorov-Smirnov of Correctness difference between treatments 

Above graph shows the different between correctness ratio of group solving 

parameterized test cases and the group solving concrete test cases. The average or 

mean for both groups is approximately 21. The clear line is showing correctness ratio 

of the group performing parameterized test cases and dotted line is showing the 

correctness ratio of the group solving concrete test cases. The graph is indicating the 

difference between correctness ratio of two groups as well as the consistency of the 

data. Data taken from the group solving concrete test cases is very consistent, where 

most of the participants have answered more than average value of mean. Whereas the 

clear line is showing that values for the group performing parameterized test cases lie 

on the both sides of the mean. This data group has lowest value 16 that can be 

considered as outlier or delimiter. The data was selected according to two measures 

time and correctness ratio of the answer. So experimenters considered all data as valid 

one. As the data was not normally distributed according to normality testing, 

experimenters decided to apply non parametric hypothesis method on the data sets. 

6.4 Hypothesis Testing 
The main goal of hypothesis testing is to reject or accept a hypothesis based on the 

data collected from experiment. There are different methods for testing a hypothesis. 

Different techniques are used for testing hypothesis of experiment. The null hypothesis 

is indicated by H0 and its alternative is represented by H1. Null hypothesis only 

accepted or rejected on the basis of calculated results with the results of critical region. 

For the experiment the null hypothesis will be 

H0: “More general test cases are harder to understand than concrete ones and thus 

would lead to overall tests that are harder to understand.”  

Several methods are used for the hypothesis testing. The best suitable method will 

be decided on the base for the collected data from the following hypothesis testing 

methods. 

 T-test 

 Mann-Whitney 

 F-test 

 Paired t-test 

 Wilcoxon 

 Sign test 

 ANOVA (Analysis of Variance) 
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Hypothesis testing is the last step on analyzing data gathered from an experiment. 

This process is done in order to calculate the result for the experiment. There are 

several hypothesis testing models are available to calculated the data. After the early 

analysis of data it was seen that subjects have taken different amount of time to solve a 

specific example. In some cases the time difference was huge so it was not fitted for 

parametric hypothesis testing methods. The data was not in intervals as well so it was 

decided non parametric statistics was used on the collected data. The only factor 

involved in experiment was unit testing with two different treatments which were 

Parameterized test cases and Concrete test cases. The best suitable method for 

hypothesis testing was Wilcoxon signed test [44].  

6.4.1 Wilcoxon Signed Test 

Wilcoxon signed method can be used as a non parametric alternative method to the 

t-test. The method is used to analysis differences between data taken from the samples. 

Experimenters have performed Wilcoxon signed test two times, for both measures 

time and correctness ratio of the answers given by participants [44]. The procedure and 

complete hypothesis test for collected data is given below 

 

 Input: The test will be performed twice so separate set of input will be used 

for hypothesis testing. A pair of data collected by two groups for time will be 

used as input once and a pair of collected data by two groups for correctness 

ratio will be used once for calculations. 

 

 Null Hypothesis: “More general test cases are harder to understand than 

concrete ones and thus would lead to tests that are harder to understand.” 

 Alternative Hypothesis: “Concrete test cases are harder to understand than 

general ones and thus would lead to tests that are harder to understand.” 

 Level of Significance: The data will be gathered from sample of 24 students 

which were further divided into two groups of 12 participants each. So the „N‟ 

(total number of participants in each) group is 12. The level of significance for 

hypothesis testing will be 5%.   

 Calculate Difference: Calculate the difference between the data gathered by 

both groups concrete and parameterized. „X‟ indicates concrete test cases 

group and „Y‟ indicates group of parameterized test cases. The difference of 

the data is calculated by subtracting parameterized values from concrete 

values. It will give positive and negative ranks of the data. 

 Calculate Sum of Ranks: Calculate sum of positive and negative ranks. 

Positive ranks are considered by P+ and negative ranks are considered by P-. 

 Selection Criteria: Tables are used to accept or reject null hypothesis. If the 

value of P+ and P- lies below the table value null hypothesis is rejected and if 

it lies above table value then null hypothesis is accepted. 
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6.4.1.1 Time 

 
Figure 22: Overall result for time 

The data was taken from groups containing parameterized test cases and concrete 

test cases. Measure used for the calculation was time taken by the participants to solve 

given problems. The data was calculated in „SPPS‟ (software used for statistical 

calculations). The results after calculation were as following 

Table 7: Wilcoxon Signed Method for Time showing ranks 

  N Mean Rank Sum of Ranks 

Concrete - Parameterize Negative Ranks 9a 5,28 47,50 

Positive Ranks 2b 9,25 18,50 

Ties 1c   

Total 12   

a. Concrete < Parameterize    

b. Concrete > Parameterize    

c. Concrete = Parameterize    

 

The table contains 9 values of negative ranks which mean by subtracting 

parameterized group values from concrete group values we have 9 negative values. 

Sum and mean of negative rank are 47.50 and 5.28 respectively. There are 2 values of 

positive rank in the data sets. The mean for positive rank values is 9.25 and there sum 

is 18.50. There is one tie between the values of both data sets which will be neglected 

from the calculation and now the number of participant for this group will be 

considered as 11. The table value for the data with „N=11‟ is 10. To locate the P-Value 

of Wilcoxon ranked test see Appendix F [46]. 
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Table 8: Test Statistics
b
 

 Concrete - 

Parameterize 

Z                -1,292a 

Asymp. Sig. (2-tailed)                  ,196 

a. Based on positive ranks. 

b. Wilcoxon Signed Ranks Test 

 

The level of significance for calculation is 5% that is 0.05. The obtained P-value is 

0.196 after analysis and the calculated Z value obtained from data calculation is -

1.292. From the comparison of P+ and P- (sum of Positive ranks and sum of negative 

ranks) with the table value of Appendix F, we found that both the obtained values are 

exceeding the table value that is 10. Averages of positive ranks were far below than 

the average of negative ranks, which shows that participants who were solving 

parameterized test cases took more time than the participants solving concrete test 

cases to understand. But we found no significance difference from the obtained p value 

analysis with the level of significance because obtained p value was more than 0.05 

[52, 53]. Thus, it is uncertain for us to conclude that there is any statistical significance 

difference even though positive ranks are far below than the averages of negative 

ranks. Therefore, we are accepting the null hypothesis. 

6.4.1.2 Correctness Ratio 

 
Figure 23: Overall correct answers given by participants 

 

Correctness ratio was the second measure selected for the data analysis. 

Correctness ratio indicates number of correct answers given by the participants. The 

data is calculated in SPSS (software for calculating statistics). Calculated results are as 

following 

Table 9: Wilcoxon Signed Method for Correctness ratio showing ranks 

  N Mean Rank Sum of Ranks 

Concrete - Parameterize Negative Ranks 2a 7,00 14,00 
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Positive Ranks 10b 6,40 64,00 

Ties 0c   

Total 12   

a. Concrete < Parameterize    

b. Concrete > Parameterize    

c. Concrete = Parameterize    

 

There were only two values for P- (negative rank) with sum of 14 and average of 

7. The numbers of P+ (positive rank) values were 10 with 64 sum and 6.40 mean. The 

data contains 0 ties which mean there was no similar value in the data sets. There were 

12 values in both data sets and for correctness ratio all of them will be considered 

since there are no ties in the data. Table value for the 2 tailed Wilcoxon will be 13 

[Appendix F].  

 

 

Table 10: Test Statistics
b
 

 Concrete – 

Parameterize 

Z                -1,968a 

Asymp. Sig. (2-tailed)                    ,049 

a. Based on negative ranks. 

b. Wilcoxon Signed Ranks Test 

 

The level of significance for calculation is 5% that is 0.05. The obtained P-value is 

0.049 after analysis and the calculated Z value obtained from data calculation is -

1.968. From the comparison of P+ and P- (sum of Positive ranks and sum of negative 

ranks) with the table value of Appendix F, we found that both the obtained values are 

exceeding the table value that is 13. Averages of positive ranks were above than the 

average of negative ranks, which shows that participants who were solving 

parameterized test cases gave less correct answers than the participants solving 

concrete test cases. The obtained p value is minimum than level of significance this 

means it shows a significance difference between two treatments and we can reject the 

null hypothesis [53]. From those two solutions, we can conclude that we have to reject 

null hypothesis.  

6.5 Data Validation 
This section is one of the most important sessions of experimentation. In this 

section the data collected from experiment will be observed for conclusion. The 

remarks or the answers given by participants will be evaluated in data validation. The 

experiment will be conducted in the silent room so that data will be considered 

reasonable for the analysis.  

The threats can be internal validity, external validity, statistical conclusion 

validity, and threats to construct validity. All these threats should be identified and 

should relate these threats to the type of design proposed for the study [37]. Internal 

validity threats are experimental procedures, treatments, or experiences of the 

participants that threatens the experimenter‟s ability to draw correct inferences from 

data in an experiment [37]. This threat may be caused by the diffusion effect 
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(discussion between control group and experimental group) and also the characteristics 

of participants (carry-over effect and experiences).  

External validity treats arise when experimenters draw incorrect inferences from 

the sample data to other persons, other settings, and past or future situations [37]. It 

arises when the experimenter tries to infer some conclusion about some group that is 

out of study. 

Statistical conclusion validity arises when experimenters draw inaccurate 

inferences from the data due to inadequate statistical power or the violation of 

statistical assumptions [37].  

Threats to construct validity occur when experimenter use inadequate definitions 

and measures of variables [37].  

6.5.1 Validity Evaluation 

Every experiment is evaluated in order to check the correctness of data collected 

from experiment. Every experiment has validity threats along with it. Highly effective 

results can be produced by controlling all of these threats. The experiment will be 

conducted in silent room where the participants will not be allowed to share their 

opinions with each other. Some participants can have difficulties to understand the 

problem and can provide wrong answers unintentionally. This will be the major threat 

to the validity of the experiment. This threat will be controlled by instructing the 

participants in the start of the experiment.  

6.5.2 Types of Validity  

There are different types of validity threats. The main types of validity threats are  

 Internal Validity  

 External Validity 

 Construct Validity 

 Conclusion Validity  

6.5.2.1 Internal Validity 

Internal validity refers to the collision of independent variables upon the overall 

outcomes of the experiment [37]. Main objective of the experiment is to measure the 

understandability of testers or developers so everything that effects understandability 

can be the threat to the overall results as well. The internal threats for the experiment 

will mainly be the experimental procedure, treatments and experience [44]. 

 Experimental Procedure 

The participants were given some early instructions by the researchers. So, the 

chances of misunderstanding the experiment and questionnaires were reduced. 

 Experience of the Participants 

The carryover effects of participants are negligible during this project since we 

found that none of the participants have experience on the selected testing tools and 

techniques. Therefore, it reduces the chance of affecting the overall experiment result.  

 Selection of questionnaires 

The probability of wrong selection of questionnaires was high. The chances were 

high that the questionnaires may relate to debugging of the code but we tried to focus 

in understandability of code with continuous discussions with each other. 

6.5.2.2 External Validity 

External validity refers to the results of the experimentation. It arises when 

experimenters interprets something wrong from other persons, place and time. Threats 

for the external validity arise when experimenters compare the results of their 

experiments with other experiments or opinion of other group of people.  
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 Subject Selection 

The selection of subjects can affect the overall result of the experiment. If 

practitioners were selected the result might be different. To normalize this problem, 

experimenters only selected the students and it was found that they have near about 

same experience in coding and none of them have experience in testing.   

 Selection of programming language  

Different programming language can be used for experiment and may affect the 

result of the experiment. But we try to reduce this affect by selecting similar 

programming languages that are C# and JAVA. 

 Selection of tools and frameworks  

There are different tools available for designing test cases. There may be other 

better tools available for designing test cases. To restrict this threat and to improve the 

quality of experiment, the best tools for designing test cases are selected. i.e. JUnit, 

NUnit, Pex. 

6.5.2.3 Construct Validity 

Construct validity refers to the generalization of any experiment. These Threat 

types of validity occur during the formulation of hypothesis and implementations of 

the treatments, which are used during the experiment [44]. 

 Documentation error  

The documentation error was reduced by conducting two pilots testing. The errors 

that were identified during pilot testing were removed before main experiment. 

 Confusion between Treatments 

There were two treatments involved in the experiment. There was a chance for 

participants to be confused between treatments. But this does not affect our study 

because measuring understandability was the purpose for experiment.  

 Guessing Hypothesis 

Participants can try to start guessing about the hypothesis and purpose of 

hypothesis to give answer properly. This thing can also effect on the answers of the 

questionnaires, because they would be replying according to their guess. This may be 

the risk for the experiment since it lies on the human behavior that how they will 

appear in different situations. But the affect is minimum or negligible.  

6.5.2.4 Conclusion Validity 

Statistical conclusion validity arises when experimenters draw inaccurate 

inferences from the data due to inadequate statistical power or the violation of 

statistical assumptions. In this type of validity, experimenters determine the 

relationship between the data [44]. The validity threats for the conclusion are  

 Reliability measures 

 Irrelevance of setting 

 Heterogeneity of respondents 

The data set obtained as the result of experiment was measured on the basis of 

time taken by individuals and accuracy of answers. Selecting a hypothesis testing 

method was an issue to come at conclusion. To overcome this problem the data was 

initially arranged by the experimenters. The hypothesis testing method was selected 

according to the nature of experiment by keeping factors, treatments and variables in 

notice.  Hence conclusion validity threats can be minimized. 
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7 EPILOGUE 
This chapter consists of discussions, conclusions and identification of areas where 

future work might be needed. 

7.1 Discussions 
The study is focused on two methods of unit testing concrete test cases and 

parameterized test cases. We tried to measure understandability level by selecting 

similar kind of programming language in order to minimize gap of understandability 

(all the participants understanding the same thing). 

In other to perform testing, automated and semi-automated tools are selected on 

the basis of two programming language C# and Java. We selected 3 tools for testing. 

JUnit for Java which is the framework, NUnit that is framework for C#, and Pex that is 

fully automated tool for C#. Frameworks JUnit and NUnit both are used for testing 

concrete test cases. They both have similar kind of testing codes because they have 

similar kinds of framework, and functions confirming all participants got the same 

information. On the other hand, we used Pex for C# and JavaPex for Java. Here, we 

developed JavaPex in order to confirm that all the participants got the same 

information. 

All the examples were written on the bases of selected programming languages 

and tools. Initially we have prepared 10 examples. For pilot testing, 4 examples out of 

10 were selected, but realizing the time constraints we minimized examples to 3 after 

pilot testing.  We selected those 3 examples on the basis of complexity of code. One 

example was regarding mathematics having recursive function, 2
nd

 one regarding the 

sting Capitalize and 3
rd

 one is about StringToKenizer. We planned the similar 

questionnaires for both JUnit and NUnit and similar questionnaires for both Pex and 

JavaPex. Giving similar kind of questionnaires will helps in comparing results easily 

for both concrete and parameterized test cases. We designed questionnaires for 

experiment on the basis of understandability of codes, test codes and documents. 

After the completion of designing questionnaires for experiment, the experiment 

was conducted in Blekinge institute of technology with 24 students. All the students 

were informed with the time and place via emails. The experiment was based on one 

factor and two treatments with different variables involve in it. The collected data from 

experiment was arranged according to treatments and according to programming 

languages separately. Later Wilcoxon signed test was selected on the bases of 

descriptive statistics and data set reduction.  

In the result of this study we tried to provide detailed information regarding 

concrete test cases and parameterized test cases.  In the end from the results of 

hypothesis testing performed on data sets taken from experiment, we proposed the 

more understandable method from concrete test cases and parameterized test cases 

according to students of academia.     

7.2 Conclusion 
All the general information regarding unit testing, testing tools and automated 

testing techniques that are used in implementation are briefly described in several 

chapters. In order to evaluate two main important unit testing methods, concrete test 

cases and parameterized test cases, we have developed three examples Euclidean 

Algorithm, Capitalization, and StringTokenizer in C# and java using JUnit, NUnit and 

Pex testing tools. The study was focused on the level of understandability of the 

students of academia regarding these two unit test methods. We tried two derived our 

result from understandability of general unit testing questionnaires and from test cases 

written in two different languages C# and Java.  

We tried to measure understandability on two levels using general unit testing 

questionnaires and using questionnaires regarding the unit of program. The experiment 
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was held successfully with the students of academia. The data that was collected 

during experiment was enough to conclude the hypothesis.  

From the general testing questionnaires, it was analyzed that participants were 

feeling difficulty to understand the parameterized test cases than the concrete test 

cases.  

We measured understandability for concrete test cases and general test cases on 

the basis of two measures time and correctness ratio of answers. Hypothesis testing 

was analyzed using Wilcoxon signed test. The level of significance is 0.05 to come at 

conclusion. From the analysis for time, we observed that there was no significance 

difference. Therefore, it is not practical to conclude on the basis of time.  

But from the correctness ratio, we observed that we are getting significant 

difference as well as participants have given more correct answers for concrete than 

parameterized ones.  

On the basis of correctness ratio and general testing questionnaires, we can 

conclude that we can reject null hypothesis since the participants have taken more or 

less similar amount of time to give answers. Thus, we conclude that “More general test 

cases are harder to understand than concrete ones and thus would lead to tests that are 

harder to understand.” 

7.3 Future Work  

During the course of study, several related areas were found to be useful for 

further investigation. Lists of areas were given below: 

7.3.1 Understandability of concrete test cases versus general test cases using 

mixed approach 
In this approach, participants were given only one sort of treatment. Either 

participants were given concrete test cases or parameterized test cases. The experiment 

could be held by giving both test cases in one experiment document. It will let the 

experimenter know deeply about participant‟s understandability on test cases.  

7.3.2 Using practitioners besides using students 
The result could have been different, if we had used practitioners instead of 

students of academia. So, the experiment could be held by selecting practitioners as 

participants for the experiment besides using students of academia.  

7.3.3 Using more than two programming languages, more subjects and more 

examples 
We can use more than two programming knowledge for the experiment. Selecting 

more than two programming language helps to reduce the effect of programming 

language on the overall experiment.    
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APPENDIX A: EXPERIMENT DOCUMENT OF JAVA 

CONCRETE TEST CASES 
This appendix consists of experiment document that consists of concrete test cases 

with its associated experiment questionnaires. The set of examples and questionnaires 

are developed in JAVA programming language using JUnit testing tools. There are 

three different sets of examples they are Euclidean Algorithm, Capitalization, and 

StringTokenizer.  

 EUCLIDEAN ALGORITHM 

Table 11: Java Concrete Test Cases for Euclidean Algorithm 
Test Methods 

 

public class MainTest { 

     @Test 

    public void testEuclid() { 

       int p = 0; 

        int q = 0; 

        int expResult = 0; 

        int result = Main.Euclid(p, q); 

        assertEquals(expResult, result); 

      } 

 

    @Test 

    public void testEuclid1() { 

       int p = 0; 

        int q = 1; 

        int expResult = 1; 

        int result = Main.Euclid(p, q); 

        assertEquals(expResult, result); 

      } 

 

    @Test 

    public void testEuclid2() { 

       int p = 0; 

        int q = -512; 

        int expResult = -1; 

        int result = Main.Euclid(p, q); 

        assertEquals(expResult, result); 

      } 

 

    @Test 

    public void testEuclid3() { 

       int p = 1039663536; 

        int q = 512; 

        int expResult = 16; 

        int result = Main.Euclid(p, q); 

        assertEquals(expResult, result); 

      } 

 

} 

 

public class Main { 

   

    public static int Euclid(int p, int q) { 

        if (q < 0 || p < 0) return -1; 

        if (q == 0) return p; 

        else return Euclid(q, p % q); 

 

} 

    } 
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Questionnaires for Euclidean Algorithm 

Table 12: Java Concrete Test Cases questionnaires for Euclidean 

S.N

. 

Questions 
Tick the right 

answer 

1.  What is the purpose of this unit of code? 

A.  Greatest Common Multiplier  

B.  Greatest Common Divisor   

C.  Least Common Multiply  

D.  None of Above  

 

2.  Is this program code compilable, if not why? 

A.  Yes  

B.  No, the code contains error  

C.  No, the code do not return the value of expected data type  

 

3.  What are the possible test inputs for this unit of code? 

A.  Euclid(“a”, null)  

B.  Euclid (null, null)  

C.  Euclid (10, 5)  

 

4.  What is the return type of Eculid(int, int) function? 

A.  int[]  

B.  String  

C.  Int  

 

5.  Will test method testEuclid3() fail or succeed, if fail why? 

A.  Succeed  

B.  Fail, it cause the AssertionFailureError  

C.  Fail, unhandled OverflowException()  

 

6.  How many test method fails when the test is executed? 

A.  1  

B.  0  

C.  2  

 

7.  Will test method testEuclid3() succeed or fail, if test input is Euclid(512, 48)?  

A.  Succeed  

B.  Fail  

 

8.  Will test method testEuclid2() succeed or fail?  

A.  Succeed, handled negative integer  

B.  Succeed, handled OverFlowError()  

C.  Fail, unhandled OverFlowError()  

 

9.  Which test method will generate OverflowException()? 

A.  testEculid02()  

B.  testEculid03()  

C.  None of Above  

 

10.  For the given test input Euclid(5,10) what can be possible test method? 

A.  @Test 

    public void testEuclid() { 

       int p = 15; 

        int q = 5; 

        int expResult = 5; 

        int result = Main.Euclid(p, q); 

        assertEquals(expResult, result); 

      } 
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B.           @Test 

    public void testEuclid3() { 

       int p = 5; 

        int q = 10; 

        int expResult = 5; 

        int result = Main.Euclid(p, q); 

        assertEquals(expResult, result); 

      } 

 

 

 

11.  What is the value of 'int result' for testEuclid3()? 

A.  16  

B.  8  

C.  32  

   

12.  For which test inputs, the test method testEuclid3() fail? 

A.  Euclid(48,16)  

B.  Euclid(96,32)  

C.  Euclid(512,48)  

   

13.  In the given test methods  
 @Test 

    public void testEuclid3() { 

       int p = 1039663536; 

        int q = 512; 

        int expResult = 16; 

        int result = Main.Euclid(p, q); 

        assertEquals(expResult, result); 

      } 

 the function, Main.Euclid(1039663536, 512), calls which Class? 

 

A.  Class „Main‟  

B.  Class „MainTest‟  

 

14.  

   
How many concrete test inputs are used as input for testing? 

A.  4  

B.  3  
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 CAPITALIZE 

Table 13: Java Concrete Test Cases for Capitalization 
Test Methods 

public class MainTest { 

        @Test 

    public void testCapitalize() {       

        String value = null; 

       String output= Main.Capitalize(value); 

       String expResult=null; 

       assertEquals(expResult,output); 

        } 

 

    @Test 

    public void testCapitalize1() { 

        String value = “”; 

       String output= Main.Capitalize(value); 

       String expResult= “”; 

       assertEquals(expResult,output); 

    } 

@Test 

    public void testCapitalize2() { 

        String value = "\0"; 

       String output= Main.Capitalize(value); 

       String expResult="_"; 

       assertEquals(expResult,output); 

    } 

@Test 

    public void testCapitalize3() { 

        String value = "a"; 

       String output= Main.Capitalize(value); 

       String expResult="A"; 

       assertEquals(expResult,output); 

    } 

@Test 

    public void testCapitalize4() { 

        String value = "\0\0"; 

       String output= Main.Capitalize(value); 

       String expResult="__"; 

       assertEquals(expResult,output); 

    } 

@Test 

    public void testCapitalize5() { 

        String value = "ba"; 

       String output= Main.Capitalize(value); 

       String expResult="Ba"; 

       assertEquals(expResult,output); 

    } 

@Test 

    public void testCapitalize6() { 

        String value = "b\0a"; 

       String output= Main.Capitalize(value); 

       String expResult="B_A"; 

       assertEquals(expResult,output); 

    } 

 

@Test 

    public void testCapitalize7() { 

        String value = "aa.a"; 

       String output= Main.Capitalize(value); 

       String expResult="Aa_A"; 

       assertEquals(expResult,output); 

    } 
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} 

 

public class Main { 

   public static String Capitalize(String value) 

        { 

       try  { 

   StringBuilder sb = new StringBuilder(); 

              boolean word=false; 

            for(int i=0;i<value.length();i++) 

            { 

                char initial=value.charAt(i); 

                if(Character.isLetter(initial)) 

                { 

                    if(!word) 

                    { 

                        sb.append(Character.toUpperCase(initial)); 

                        word=true; 

                    } 

                    else 

                        sb.append(value.charAt(i)); 

                 } 

                else 

                { 

                    sb.append('_'); 

                    word = false; 

                }         

           } 

              return sb.toString(); 

       } 

       catch(NullPointerException npr){return null;} 

       

    } 

} 
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Questionnaires for Example Capitalize 

Table 14: Java Concrete Test Cases questionnaires for Capitalization 

S.N

. 

Questions 
Tick the right 

answer 

1.  What is the purpose of this unit of code? 

A.   Capitalizing whole string value  

B.  Capitalizing each letter after the non alphabetic letter and 

replacing non alphabetic letter with sign „_‟ 
 

C.  Capitalizing first letter of each word  

D.  None of Above  

 

2.  Is this program code compliable, if not why? 

A.  Yes  

B.  No, the code contains error  

C.  No, the code do not return the value expected data type  

 

3.  What are the possible test inputs for this unit of code? 

A.  Capitalize(Null), Capitalize( “”), Capitalize( “1\2”)  

B.  Capitalize(Null), Capitalize( “”), Capitalize( “a\b”)  

C.  Capitalize(Null), Capitalize( “”), Capitalize( “1,bs,s/a”)  

 

4.  What is the return type of the Capitalize(String value)? 

A.  String[]  

B.  String  

C.  Int[]  

D.  Int  

 

5.  Is Capitalize(“ab/2,r\\e\d”) the right test input parameter for the code, if not why? 

A.  Yes  

B.  No, unreadable string  

 

6.  If test input is Capitalize(“”), will test succeed or fail? 

A.  Succeed  

B.  Fail  

 

7.  What are the set of parameters that will generate the NullPointerException()? 

A.  Capitalize(null)  

B.  Capitalize(null), Capitalize(“”)  

C.  Capitalize(null), Capitalize(“\0”)  

 

8.  Will test method testCapitalize() fail or succeed, if fail why? 

A.  Succeed, handled NullPointerException()  

B.  Succeed, handled StackOverflowError()  

C.  Fails, unhandled StackOverflowError()  

 

9.  What will be the value of „output‟ of the method testCapitalize7()? 

A.   “AA_A”  

B.  “Aa_a”  

C.  “Aa_A”  

 

10.  Will testCapitalize7() succeed or fail, if test input is Capitalize(“Aa/a”) ? 

A.   Succeed  

B.  Fail  

 

11.  What will be the output of test input parameter,  
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Capitalize(“bb.a”)? 

A.  “BB_A”  

B.  “Bb.A”  

C.  “Bb_A”  

 

12.  For the given test input parameter Capitalize(“ba.a”),  

what can be possible test method? 

A.  @Test 

    public void testCapitalize6() { 

        String value = "ba.a"; 

       String output= Main.Capitalize(value); 

       String expResult="Ba.A"; 

       assertEquals(expResult,output); 

    } 
        

 

B.  @Test 

    public void testCapitalize6() { 

        String value = "bba"; 

       String output= Main.Capitalize(value); 

       String expResult="Bb_a"; 

       assertEquals(expResult,output); 

    }       

 

C.  @Test 

    public void testCapitalize6() { 

        String value = "bb.a"; 

       String output= Main.Capitalize(value); 

       String expResult="Ba_A"; 

       assertEquals(expResult,output); 

    }  

 

D.  None of Above  
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 STRINGTOKENIZER 

Table 15: Java Concrete Test Cases for StringTokenizer 
Test Methods 

public class MainTest { 

  @Test 

    public void testStringTokenizer() { 

        String input = null; String delimeter="\0"; 

        String[] expResult = null; 

        String[] result = Main.StringTokenizer(input, delimeter); 

        if (result == null)  

        assertEquals(expResult, result); 

        else  

        for (int i = 0; i < expResult.Length - 1; i++)  

        assertEquals(expResult[i], result[i]); 

  } 

  @Test 

    public void testStringTokenizer1() { 

        String input = ""; String delimeter="\0"; 

        String[] expResult = null; 

        String[] result = Main.StringTokenizer(input, delimeter); 

        if (result == null)  

        assertEquals(expResult, result); 

        else  

        for (int i = 0; i < expResult.Length - 1; i++)  

        assertEquals(expResult[i], result[i]); 

       } 

   @Test 

    public void testStringTokenizer2() { 

        String input =  "\0"; String delimeter= “\0”; 

        String[] expResult = null; 

        String[] result = Main.StringTokenizer(input, delimeter); 

        if (result == null)  

        assertEquals(expResult, result); 

        else  

        for (int i = 0; i < expResult.Length - 1; i++)  

        assertEquals(expResult[i], result[i]); 

       } 

   @Test 

    public void testStringTokenizer3() { 

        String input = “\u0001”; String delimeter= “\0”; 

        String[] expResult = “\u0001”; 

        String[] result = Main.StringTokenizer(input, delimeter); 

        if (result == null)  

        assertEquals(expResult, result); 

        else  

        for (int i = 0; i < expResult.Length - 1; i++)  

        assertEquals(expResult[i], result[i]); 

       } 

     @Test 

    public void testStringTokenizer4() { 

        String input = “\0\0”; String delimeter= “\0”; 

        String[] expResult = null; 

        String[] result = Main.StringTokenizer(input, delimeter); 

        if (result == null)  

        assertEquals(expResult, result); 

        else  

        for (int i = 0; i < expResult.Length - 1; i++)  

        assertEquals(expResult[i], result[i]); 

       } 

    @Test 

    public void testStringTokenizer5() { 

        String input = “\u0001\0”; String delimeter= “\u0001”; 

        String[] expResult = {“”, “\0”}; 

        String[] result = Main.StringTokenizer(input, delimeter); 
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        if (result == null)  

        assertEquals(expResult, result); 

        else  

        for (int i = 0; i < expResult.Length - 1; i++)  

        assertEquals(expResult[i], result[i]); 

       } 

     @Test 

    public void testStringTokenizer6() { 

        String input = “\0\u0001\0”; String delimeter= “\0”; 

        String[] expResult = {“”, “\u0001”, “”}; 

        String[] result = Main.StringTokenizer(input, delimeter); 

        if (result == null)  

        assertEquals(expResult, result); 

        else  

        for (int i = 0; i < expResult.Length - 1; i++)  

        assertEquals(expResult[i], result[i]); 

       } 

 

 

} 

 

public class Main { 

    public static String[] StringTokenizer(String input, String delimeter) 

    {     

       try 

        { 

        StringTokenizer st = new StringTokenizer(input,delimeter); 

        System.out.println("tokens count: " + st.countTokens()); 

        String[] tokenresult=new String[st.countTokens()]; 

        int i=0; 

        String token=null; 

        while (st.hasMoreElements()) 

        { 

            token = st.nextElement().toString(); 

            tokenresult[i]=token; 

            i++; 

        } 

        for(int j=0;j<i;j++) 

        System.out.println("token = " + tokenresult[j]); 

        return tokenresult; 

        } 

        catch  ( NullPointerException npe ) {return null;} 

             } 

    } 
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Questionnaires for Example StringTokenizer 

Table 16: Java Concrete Test Cases questionnaires for StringTokenizer 

S.

N. 

Questions 
Tick the right 

answer 

1.  What is the purpose of this unit of code? 

A.   Split the words with each blank space  

B.  Split the word after the define delimiter  

 

2.  Is this program code compliable, if not why? 

A.   Yes  

B.  No, the code contains error  

C.  No, the code do not return the value expected data type  

 

3.  What are the possible test inputs for this unit of code? 

A.  StringTokenizer (null, null), 

StringTokenizer (“”, “”),  

StringTokenizer (“this\is\\my”, “\\”) 

 

B.  StringTokenizer (null, null),  

StringTokenizer (“”, “”),  

StringTokenizer (“this?is?my”, “?”) 

 

C.  None of above  

 

4.  Is StringTokenizer (“ab/2,r\\e\d”, “\\”) the right test input for the code? 

A.  Yes  

B.  No  

 

5.  If test input is StringTokenizer (“”, “\u0001”), what will be the output value? 

A.  result= “”  

B.  result= null  

C.  result= “\u0001”  

 

6.  Which test methods will generate the NullPointerException? 

A.  testStringTokenizer(); testStringTokenizer1(); 

testStringTokenizer2(); 

testStringTokenizer3(); 

 

B.  testStringTokenizer(); testStringTokenizer1(); 

testStringTokenizer2(); 

testStringTokenizer4(); 

 

C.  testStringTokenizer(); testStringTokenizer1(); 

testStringTokenizer4(); 

testStringTokenizer5(); 

 

 

7.  If test input is StringTokenizer (“”, “ ”), will test succeed or fail? 

A.  Succeed  

B.  Fail  

 

8.  What will be the output if test input is StringTokenizer(“This,is,Mohan”, “,”)? 

A.  {“This,is”, “Mohan”}  

B.  {“This”, “is”, “Mohan”}  

C.  {“Thisis”, “Mohan”}  

 

9.  What is actual output if test input is StringTokenizer(“@\0”, “@”)? 

A.  result={“”, “\0”};  

B.  result=null;  

C.  result={“\0”}  
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10.  Will test method testStringTokenizer4() fail or succeed, if fail why? 

A.  Succeed, handled StackOverflowException  

B.  Fail, unhandled StackOverflowException  

C.  Fail, unhandled NullPointerException  

D.  Succeed, handled NullPointerException  

   

11.  For the given test input parameter StringTokenizer(“This,is,Mohan”, “,”), what 

is possible test method? 

A.  @Test 

    public void testStringTokenizer9() { 

        String input = This,is,Mohan”; String delimeter= “\0”; 

        String[] expResult = {“This”, “is”, “mohan”}; 

        String[] result = Main.StringTokenizer(input, delimeter); 

        if (result == null)  

        assertEquals(expResult, result); 

        else  

        for (int i = 0; i < expResult.Length - 1; i++)  

        assertEquals(expResult[i], result[i]); 

       } 

 

B.  @Test 

    public void testStringTokenizer9() { 

        String input = This,is,Mohan”; String delimeter= “\0”; 

        String[] expResult = {“This”, “is”, “Mohan”}; 

        String[] result = Main.StringTokenizer(input, delimeter); 

        if (result == null)  

        assertEquals(expResult, result); 

        else  

        for (int i = 0; i < expResult.Length - 1; i++)  

        assertEquals(expResult[i], result[i]); 

       } 

 

C.  None of above   

 



  61 

APPENDIX B: EXPERIMENT DOCUMENT OF C# 

CONCRETE TEST CASES 
This appendix consists of experiment document that consists of concrete test cases 

with its associated experiment questionnaires. The set of examples and questionnaires 

are developed in C# programming language using NUnit testing tools. There are three 

different sets of examples they are Euclidean Algorithm, Capitalization, and 

StringTokenizer.  

 

 EUCLIDEAN ALGORITHM 

Table 17: C# Concrete Test Cases for Euclidean Algorithm 
Test Methods 

[TestFixture] 

    public class MyTestClass 

    { 

        [Test] 

        public void TestEuclid() 

        { 

            int p = 0, q = 0; 

            int expResult = 0; 

            int result = Class1. Euclid(p,q); 

             Assert.That(expResult, Is.EqualTo(result)); 

        } 

        [Test] 

        public void TestEuclid1() 

        { 

            int p = 0, q = 1; 

            int expResult = 1; 

            int result = Class1. Euclid(p,q); 

             Assert.That(expResult, Is.EqualTo(result)); 

        } 

        [Test] 

        public void TestEuclid2() 

        { 

            int p = 0, q = -512; 

            int expResult = -1; 

            int result = Class1. Euclid(p,q); 

             Assert.That(expResult, Is.EqualTo(result)); 

        } 

        [Test] 

        public void TestEuclid3() 

        { 

            int p = 1039663536; 

            int q = 512; 

            int expResult = 16; 

            int result = Class1.Euclid(p, q); 

            Assert.That(expResult, Is.EqualTo(result)); 

        } 

            } 

 

public class Class1 

    { 

        public static int Euclid(int p, int q) 

        {             

                if (q < 0 || p < 0) return -1; 

                if (q == 0) return p; 

                else return Euclid(q, p % q); 

             

        } 

     } 
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Questionnaires for Example Euclidean Algorithm 

Table 18: C# Concrete Test Cases questionnaires for Euclidean Algorithm 
S.

N. 

Questions Tick the right 

answer 

1.  What is the purpose of this unit of code? 

A.  Greatest Common Multiplier  

B.  Greatest Common Divisor   

C.  Least Common Multiply  

D.  None of Above  

 

2.  Is this program code compliable, if not why? 

A.  Yes  

B.  No, the code contains error  

C.  No, the code do not return the value of expected data type  

 

3.  What are the possible test inputs for this unit of code? 

A.  Euclid(“a”, null)  

B.  Euclid (null, null)  

C.  Euclid (10, 5)  

 

4.  What is the return type of Eculid(int, int) function? 

A.  int[]  

B.  String  

C.  Int  

 

5.  Will test method TestEuclid3() fail or succeed, if fail why? 

A.  Succeed  

B.  Fail, it cause the AssertionFailureError  

C.  Fail, unhandled OverflowException()  

 

6.  How many test method fails when the test is executed? 

A.  1  

B.  0  

C.  2  

 

7.  Will test method TestEuclid3() succeed or fail, if test input is Euclid(512, 48)?  

A.  Succeed  

B.  Fail  

 

8.  Will test method TestEuclid2() succeed or fail?  

A.  Succeed, handled negative integer  

B.  Succeed, handled IndexOutOfRangeException()  

C.  Fail, unhandled IndexOutOfRangeException()  

 

9.  Which test method will generate IndexOutOfRangeException ()? 

A.  testEculid02()  

B.  testEculid03()  

C.  None of Above  

 

10.  For the given test parameter Euclid(5,10) what can be possible test method? 

A.  [Test] 

        public void TestEuclid() 

        { 

            int p = 15; q = 5; 

            int expResult = 5; 

            int result = Class1. Euclid(p,q); 

             Assert.That(expResult, Is.EqualTo(result)); 

        }  
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B.  [Test] 

        public void TestEuclid1() 

        { 

            int p = 5; q = 10; 

            int expResult = 5; 

            int result = Class1. Euclid(p,q); 

             Assert.That(expResult, Is.EqualTo(result)); 

        } 

 

 

11.  What is the value of 'int result' for TestEuclid3()? 

A.  16  

B.  8  

C.  32  

   

12.  For which test inputs, the test method testEuclid3() fail? 

A.  Euclid(48,16)  

B.  Euclid(96,32)  

C.  Euclid(512,48)  

   

13.  In the given test methods  
[Test] 

        public void TestEuclid3() 

        { 

            int p = 1039663536; q = 512; 

            int expResult = 16; 

            int result = Class1. Euclid(p,q); 

             Assert.That(expResult, Is.EqualTo(result)); 

        } 

the function, Main.Euclid(1039663536, 512), calls which Class? 

 

A.  Class „MyClassTest‟  

B.  Class „Class1‟  

 

14.  

   

How many concrete test inputs are used as input for testing? 

A.  4  

B.  3  

 



  64 

 

 CAPITALIZE 

Table 19: C# Concrete Test Cases for Capitalize 
Test Methods 

[TestFixture] 

    public class MyTestClass      

    { 

        [Test] 

        public void TestCapitalize() 

        { 

            string input = null; 

            string expResult = null; 

            string result=Class1.Capitalize(input); 

            Assert.That(expResult, Is.EqualTo(result)); 

        } 

        [Test] 

        public void TestCapitalize1() 

        { 

            string input = “”; 

            string expResult = “”; 

            string result = Class1.Capitalize(input); 

            Assert.That(expResult, Is.EqualTo(result)); 

        } 

        [Test] 

        public void TestCapitalize2() 

        { 

            string input = "\0"; 

            string expResult = "_"; 

            string result = Class1.Capitalize(input); 

            Assert.That(expResult, Is.EqualTo(result)); 

        } 

        [Test] 

        public void TestCapitalize3() 

        { 

            string input = "a”; 

            string expResult = "A"; 

            string result = Class1.Capitalize(input); 

            Assert.That(expResult, Is.EqualTo(result)); 

        } 

        [Test] 

        public void TestCapitalize4() 

        { 

            string input = "\0\0”; 

            string expResult = "__"; 

            string result = Class1.Capitalize(input); 

            Assert.That(expResult, Is.EqualTo(result)); 

        } 

 [Test] 

        public void TestCapitalize5() 

        { 

            string input = "ba”; 

            string expResult = "Ba"; 

            string result = Class1.Capitalize(input); 

            Assert.That(expResult, Is.EqualTo(result)); 

        } 

[Test] 

        public void TestCapitalize6() 

        { 

            string input = "b\0a”; 

            string expResult = "B_A"; 

            string result = Class1.Capitalize(input); 

            Assert.That(expResult, Is.EqualTo(result)); 

        } 

       [Test] 

        public void TestCapitalize7() 
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        { 

            string input = "aa.a”; 

            string expResult = "Aa_A"; 

            string result = Class1.Capitalize(input); 

            Assert.That(expResult, Is.EqualTo(result)); 

        } 

 

 

    } 

 

public class Class1     { 

         public static string Capitalize(string value)         { 

            try 

            { 

                var sb = new StringBuilder(); 

                bool word = false; 

                foreach (var c in value) 

                { 

                    if (char.IsLetter(c)) 

                    { 

                        if (!word) 

                        { 

                            sb.Append(char.ToUpper(c)); 

                            word = true; 

                        } 

                        else 

                            sb.Append(c); 

                    } 

                    else 

                    { 

                        sb.Append('_'); 

                        word = false; 

                    } 

                } 

                return sb.ToString(); 

            } 

            catch (NullReferenceException nre) { return null; } 

        } 

    } 
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Questionnaires for Example Capitalize 

Table 20: C# Concrete Test Cases questionnaires for Capitalize 

S.

N. 

Questions 
Tick the right 

answer 

1.  What is the purpose of this unit of code? 

A.   Capitalizing whole string value  

B.  Capitalizing each letter after the non alphabetic letter and 

replacing non alphabetic letter with sign „_‟ 

 

C.  Capitalizing first letter of each word  

D.  None of Above  

 

2.  Is this program code compliable, if not why? 

A.  Yes  

B.  No, the code contains error  

C.  No, the code do not return the value expected data type  

 

3.  What are the possible test inputs for this unit of code? 

A.  Capitalize(Null), Capitalize( “”), Capitalize( “1\2”)  

B.  Capitalize(Null), Capitalize( “”), Capitalize( “a\b”)  

C.  Capitalize(Null), Capitalize( “”), Capitalize( “1,bs,s/a”)  

 

4.  What is the return type of the Capitalize(string value)? 

A.  String[]  

B.  String  

C.  Int[]  

D.  int  

 

5.  Is Capitalize(“ab/2,r\\e\d”) the right test input parameter for the code, if not why? 

A.  Yes  

B.  No, unreadable string  

 

6.  If test input is Capitalize(“”), will test succeed or fail? 

A.  Succeed  

B.  Fail  

 

7.  What are the set of parameters that will generate the NullReferenceException()? 

A.  Capitalize(null)  

B.  Capitalize(null), Capitalize(“”)  

C.  Capitalize(null), Capitalize(“\0”)  

 

8.  Will test method TestCapitalize() fail or succeed, if fail why? 

A.  Succeed, handled NullReferenceException()  

B.  Succeed, handled IndexOutOfRangeException()  

C.  Fails, unhandled IndexOutOfRangeException()  

 

9.  What will be the value of „output‟ of the method TestCapitalize7()? 

A.  “AA_A”  

B.  “Aa_a”  

C.  “Aa_A”  

 

10.  Will TestCapitalize7() succeed or fail, if test input is Capitalize(“Aa/a”) ? 

A.  Succeed  

B.  Fail  
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11.  What will be the output of test input parameter, 

Capitalize(“bb.a”)? 

 

A.  “BB_A”  

B.  “Bb.A”  

C.  “Bb_A”  

 

12.  For the given test input parameter Capitalize(“ba.a”),  

what can be possible test method? 

A.  [Test] 

        public void TestCapitalize5() 

        { 

            string value = "ba.a"; 

            string expResult="Ba.A"; 

            string result = Class1.Capitalize(input); 

            Assert.That(expResult, Is.EqualTo(result)); 

        }        

 

B.  [Test] 

        public void TestCapitalize5() 

        { 

            string value = "bba"; 

            string expResult="Bb_a"; 

            string result = Class1.Capitalize(input); 

            Assert.That(expResult, Is.EqualTo(result)); 

        }  

 

C.  [Test] 

        public void TestCapitalize5() 

        { 

            string value = "bb.a"; 

            string expResult="Ba_A"; 

            string result = Class1.Capitalize(input); 

            Assert.That(expResult, Is.EqualTo(result)); 

        }  

 

D.  None of Above  
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 STRINGTOKENIZER 

Table 21: C# Concrete Test Cases for StringTokenizer 
Test Methods 

[TestFixture] 

    public class MyTestClass { 

        [Test] 

        public void TestStringTokenizer() 

        { 

          string input = null;   char delimeter = '\0';  

          string[] expResult = null; 

            string[] result = Class1.StringTokenizer(input, delimeter); 

            if (result == null)  

            Assert.That(expResult, Is.EqualTo(result)); 

            else  

            for (int i = 0; i < expResult.Length - 1; i++)  

            Assert.That(expResult[i], Is.EqualTo(result[i])); 

        } 

       [Test] 

        public void TestStringTokenizer1() 

        { 

            string input = ""; char delimeter = '\0';  

            string[] expResult = null; 

            string[] result = Class1.StringTokenizer(input, delimeter); 

            if (result == null)  

            Assert.That(expResult, Is.EqualTo(result)); 

            else  

            for (int i = 0; i < expResult.Length - 1; i++)  

            Assert.That(expResult[i], Is.EqualTo(result[i])); 

        } 

       [Test] 

        public void TestStringTokenizer2() 

        { 

            string input = “\0”;   char delimeter = '\0';  

            string[] expResult = null; 

            string[] result = Class1.StringTokenizer(input, delimeter); 

            if (result == null)  

            Assert.That(expResult, Is.EqualTo(result)); 

            else  

            for (int i = 0; i < expResult.Length - 1; i++)  

            Assert.That(expResult[i], Is.EqualTo(result[i])); 

        } 

        public void TestStringTokenizer3() 

        { 

            string input = “\u0001”;   char delimeter = '\0';  

            string[] expResult = “\u0001”;    

            string[] result = Class1.StringTokenizer(input, delimeter); 

            if (result == null)  

            Assert.That(expResult, Is.EqualTo(result)); 

            else  

            for (int i = 0; i < expResult.Length - 1; i++)  

            Assert.That(expResult[i], Is.EqualTo(result[i])); 

        } 

        public void TestStringTokenizer4() 

        { 

            string input = “\0\0”;   char delimeter = '\0';  

            string[] expResult = null;    

            string[] result = Class1.StringTokenizer(input, delimeter); 

            if (result == null)  

            Assert.That(expResult, Is.EqualTo(result)); 

            else  

            for (int i = 0; i < expResult.Length - 1; i++)  

            Assert.That(expResult[i], Is.EqualTo(result[i])); 

        } 

       public void TestStringTokenizer5() 
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        { 

            string input = “\u0001\0”;   char delimeter = '\u0001';  

            string[] expResult = {“”, “\0”}; 

            string[] result = Class1.StringTokenizer(input, delimeter); 

            if (result == null)  

            Assert.That(expResult, Is.EqualTo(result)); 

            else  

            for (int i = 0; i < expResult.Length - 1; i++)  

            Assert.That(expResult[i], Is.EqualTo(result[i])); 

        } 

        public void TestStringTokenizer6() 

        { 

            string input = “\0\u0001\0”;   char delimeter = '\0';  

            string[] expResult = {“”, “\u0001”,“\0”}; 

            string[] result = Class1.StringTokenizer(input, delimeter); 

            if (result == null)  

            Assert.That(expResult, Is.EqualTo(result)); 

            else  

            for (int i = 0; i < expResult.Length - 1; i++)  

            Assert.That(expResult[i], Is.EqualTo(result[i])); 

        } 

 

     } 

public class Class1 { 

        public static string[] StringTokenizer(string input, char separators) 

        { 

            try 

            { 

                int i = 0; 

                string[] tokenresult = new string[input.Length]; 

                foreach (string sub in input.Split(separators)) 

                { 

                    Console.WriteLine("Word: {0}", sub); 

                    tokenresult[i] = sub; 

                    i++; 

                } 

                return tokenresult; 

            } 

            catch (NullReferenceException nre) { return null;} 

            catch (IndexOutOfRangeException ire){return null;} 

        } 

    } 
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Questionnaires for Example StringTokenizer 

Table 22: C# Concrete Test Cases questionnaires for StringTokenizer 
S.

N. 

Questions Tick the right 

answer 

1.  What is the purpose of this unit of code? 

A.   Split the words with each blank space  

B.  Split the word after the define delimiter  

 

2.  Is this program code compliable, if not why? 

A.  Yes  

B.  No, the code contains error  

C.  No, the code do not return the value expected data type  

 

3.  What are the possible test inputs for this unit of code? 

A.  StringTokenizer (null, null), 

StringTokenizer (“”, „‟),  

StringTokenizer (“this\is\\my”, „\\‟) 

 

B.  StringTokenizer (null, null),  

StringTokenizer (“”, „‟),  

StringTokenizer (“this?is?my”, „?‟) 

 

C.  None of above  

 

4.  Is StringTokenizer (“ab/2,r\\e\d”, „\\‟) the right test input for the code? 

A.  Yes  

B.  No  

 

5.  If test input is StringTokenizer (“”, „\u0001‟), what will be the output value? 

A.  result= “”  

B.  result= null  

C.  result= “\u0001”  

 

6.  Which test methods will generate the NullPointerException? 

A.  TestStringTokenizer(); TestStringTokenizer1(); 

TestStringTokenizer2(); 

TestStringTokenizer3(); 

 

B.  TestStringTokenizer(); TestStringTokenizer1(); 

TestStringTokenizer2(); 

TestStringTokenizer4(); 

 

C.  TestStringTokenizer(); TestStringTokenizer1(); 

TestStringTokenizer4(); 

TestStringTokenizer5(); 

 

 

7.  If test input is StringTokenizer (“”, „‟), will test succeed or fail? 

A.  Succeed  

B.  Fail  

 

8.  What will be the output if test input is StringTokenizer(“This,is,Mohan”, „,‟)? 

A.  {“This,is”, “Mohan”}  
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B.  {“This”, “is”, “Mohan”}  

C.  {“Thisis”, “Mohan”}  

 

9.  What is actual output if test input is StringTokenizer(“@\0”, „@‟)? 

A.  result={“”, “\0”};  

B.  result=null;  

C.  result={“\0”}  

 

10.  Will test method TestStringTokenizer4() fail or succeed, if fail why? 

A.  Succeed, handled IndexOutOfRangeException()  

B.  Fail, unhandled IndexOutOfRangeException()  

C.  Fail, unhandled NullReferenceException()  

D.  Succeed, handled NullReferenceException()  

   

11.  For the given test input parameter StringTokenizer(“This,is,Mohan”, „,‟), what is 

possible test method? 

A.  [Test] 

    public void testStringTokenizer9() { 

        string input = This,is,Mohan”; char delimeter= „\0‟; 

        string[] expResult = {“This”, “is”, “mohan”}; 

        string[] result = Class1.StringTokenizer(input, delimeter); 

        if (result == null)  

            Assert.That(expResult, Is.EqualTo(result)); 

            else  

            for (int i = 0; i < expResult.Length - 1; i++)  

            Assert.That(expResult[i], Is.EqualTo(result[i])); 

       } 

 

B.  [Test] 

    public void testStringTokenizer9() { 

        string input = This,is,Mohan”; char delimeter= „\0‟; 

        string[] expResult = {“This”, “is”, “Mohan”}; 

        String[] result = Class1.StringTokenizer(input, delimeter); 

        if (result == null)  

        assertEquals(expResult, result); 

        else  

        for (int i = 0; i < expResult.Length - 1; i++)  

        assertEquals(expResult[i], result[i]); 

       } 

 

C.  None of above   

 



  72 

APPENDIX C: EXPERIMENT DOCUMENT OF C# 

PARAMETERIZED TEST CASES 
This appendix consists of experiment document that consists of parameterized test 

cases with its associated experiment questionnaires. The set of examples and 

questionnaires are developed in C# programming language using Pex testing tools. 

There are three different sets of examples they are Euclidean Algorithm, 

Capitalization, and StringTokenizer.  

 EUCLIDEAN ALGORITHM 

Table 23: C# Parameterized Test Cases for Euclidean Algorithm 
Test Methods 

[TestFixture] 

public partial class Class1Test 

    { 

        [PexMethod] 

        public int Euclid(int p, int q) 

        { 

            int result = Class1.Euclid(p, q); 

            return result; 

        }    } 

public partial class Class1Test 

    { 

        [TestMethod] 

        public void Euclid01() 

        { 

            int i; 

            i = this.Euclid(0, 0); 

            PexAssert.AreEqual<int>(0, i); 

        } 

 

        [TestMethod] 

        public void Euclid02() 

        { 

            int i; 

            i = this.Euclid(0, 1); 

            PexAssert.AreEqual<int>(1, i); 

        } 

 

        [TestMethod] 

        public void Euclid03() 

        { 

            int i; 

            i = this.Euclid(0, int.MinValue); 

            PexAssert.AreEqual<int>(-1, i); 

        } 

 

        [TestMethod] 

         public void Euclid04() 

        { 

            int i; 

            i = this.Euclid(1039663536, 512); 

            PexAssert.AreEqual<int>(16, i); 

        }    } 

public class Class1 

    { 

        public static int Euclid(int p, int q) 

        { 

            if (q < 0 || p < 0) return -1; 

            if (q == 0) return p; 

            else return Euclid(q, p % q); 

        } 

    } 
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Questionnaires for Example Euclidean Algorithm 

Table 24: C# Parameterized Test Cases questionnaires of Euclidean Algorithm 
S.

N. 

Questions Tick the right 

answer 

1.  What is the purpose of this unit of code? 

A.  Greatest Common Multiplier  

B.  Greatest Common Divisor   

C.  Least Common Multiply  

D.  None of Above  

 

2.  Is this programming code compliable, if not why? 

A.  Yes  

B.  No, the code contains error  

C.  No, the code do not return the value expected data type  

 

3.  What are the possible test input parameters for this unit of code? 

A.  Euclid(“a”, null)  

B.  Euclid (null, null)  

C.  Euclid (10, 5)  

 

4.  What is the return type of Eculid(int, int) function? 

A.  int[]  

B.  String  

C.  Int  

 

5.  Will test method Euclid03() succeed or fail? 

A.  Succeed  

B.  Fail, it cause the AssertionFailureError  

C.  Fail, unhandled IndexOutOfRangeException()  

 

6.  How many test fails when the test is executed? 

A.  1  

B.   0  

C.  3  

 

7.  Will test method Euclid04() succeed or fail, if test input parameter is Euclid(512, 48)?  

A.  Succeed  

B.  Fails  

 

8.  Will test method Euclid03() succeed or fail?  

A.  Succeed, handled negative integer  

B.  Succeed, handled IndexOutOfRangeException()  

C.  Fail, unhandled IndexOutOfRangeException()  

 

9.  Which test method will generate IndexOutOfRangeException()? 

A.  Eculid02()  

B.  Eculid03()  

C.  None of Above  

 

10.  For the given test parameter Euclid(5,10) what can be possible test method? 

A.           [TestMethod] 

         public void Euclid04() 

        { 

            int i; 

            i = this.Euclid(15, 5); 

            PexAssert.AreEqual<int>(5, i); 

        } 
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B.           [TestMethod] 

         public void Euclid04() 

        { 

            int i; 

            i = this.Euclid(5, 10); 

            PexAssert.AreEqual<int>(5, i); 

        } 

 

 

 

11.  What is the value of 'int result' for Euclid04()? 

A.  16  

B.  8  

C.  32  

 

12.  For which test inputs, the test method Euclid04() fail?  

A.  Euclid(48,16)  

B.  Euclid(96,32)  

C.  Euclid(512,48)  

 

13.  In the given test methods  
 [TestMethod] 

         public void testEuclid04() 

        { 

            int i; 

            i = this.Euclid(1039663536, 512); 

            PexAssert.AreEqual<int>(16, i); 

        } 

 the function, this.Euclid(1039663536, 512), calls which Class? 

A.  Class1Test with PexMethod  

B.   Class1Test with TestMethod  

 

14.  How many parameters are used as test inputs? 

A.  4  

B.  3  
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 CAPITALIZE 

Table 25: C# Parameterized Test Cases for Capitalize 
Test Methods 

 
[TestFixture] 

 
public partial class Class1Test 

    { 

        [Test] 
        public void Capitalize01() 

        { 

            string s; 
            s = this.Capitalize((string)null); 

            PexAssert.AreEqual<string>((string)null, s); 

        } 
 

        [Test] 

        public void Capitalize02() 
        { 

            string s; 

            s = this.Capitalize(""); 
            PexAssert.AreEqual<string>("", s); 

        } 

 
        [Test] 

        public void Capitalize03() 

        { 
            string s; 

            s = this.Capitalize("\0"); 

            PexAssert.AreEqual<string>("_", s); 
        } 

 

        [Test] 
        public void Capitalize04() 

        { 

            string s; 
            s = this.Capitalize("a"); 

            PexAssert.AreEqual<string>("A", s); 

        } 
 

        [Test] 

        public void Capitalize05() 
        { 

            string s; 

            s = this.Capitalize("\0\0"); 
            PexAssert.AreEqual<string>("__", s); 

        } 

 
        [Test] 

        public void Capitalize06() 

        { 
            string s; 

            s = this.Capitalize("ba"); 

            PexAssert.AreEqual<string>("Ba", s); 
        } 

        [Test] 
        public void Capitalize07() 

        { 

            string s; 
            s = this.Capitalize("b\0a"); 

            PexAssert.AreEqual<string>("B_A", s); 

        } 
 

        [Test] 

        public void Capitalize08() 
        { 

            string s; 

            s = this.Capitalize("aa.a"); 

            PexAssert.AreEqual<string>("Aa_A", s); 

        } 

    } 
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public class Class1 

    { 
         public static string Capitalize(string value) 

        { 

                var sb = new StringBuilder(); 
                bool word = false; 

                foreach (var c in value) 

                { 
                    if (char.IsLetter(c)) 

                    { 
                        if (!word) 

                        { 

                            sb.Append(char.ToUpper(c)); 
                            word = true; 

                        } 

                        else 
                            sb.Append(c); 

                    } 

                    else 
                    { 

                        sb.Append('_'); 

                        word = false; 
                    } 

                } 

                return sb.ToString(); 
        } 

    } 

 
 

 

 

 



  77 

Questionnaires for Example Capitalize 

Table 26: C# Parameterized Test Cases questionnaires for Capitalize 

S.

N. 

Questions 
Tick the right 

answer 

1.  What is the purpose of this unit of code? 

A.  Capitalizing whole string value  

B.  Capitalizing each letter after the non alphabetic letter and 

replacing non alphabetic letter with sign „_‟ 

 

C.  Capitalizing first letter of each word  

 

2.  What are the possible test input parameters for this unit of code? 

A.  Capitalize(Null),  

Capitalize( “”),  

Capitalize( “a\2”) 

 

B.  Capitalize(Null),  

Capitalize( “”),  

Capitalize( “1,bs,s/a”) 

 

 

3.  What is the return type of the Capitalize(string value)? 

A.  String[]  

B.  String  

C.  Int[]  

D.  int  

 

4.  Is Capitalize(“ab/2,r\\e\d”) the right test input parameter for the code? 

A.  Yes  

B.  No  

 

5.  If test input is Capitalize(“”), will test succeed or fail? 

A.  Succeed  

B.  Fail  

 

6.  What are the set of parameters that will generate the NullReferenceException()? 

A.  Capitalize(null)  

B.  Capitalize(null), 

 Capitalize(“”) 

 

C.  Capitalize(null), 

 Capitalize(“\0”) 

 

 

7.  Will test method Capitalize01() fail or succeed, if fail why? 

A.  Succeed, handled NullReferenceException()  

B.  Failed, unhandled IndexOutOfRangeException()  

C.  Fails, unhandled NullReferenceException ()  

 

8.  What will be the value of „s‟ of the method Capitalize08()? 

A.  “AA_A”  

B.  “Aa_a”  

C.  “Aa_A”  

 

9.  What will be the output of test input parameter, Capitalize(“bb.a”)? 

A.  “BB_A”  

B.  “Bb.A”  

C.  “Bb_A”  

 

10.  For the given test input parameter Capitalize(“ba.a”), what can be possible test 



  78 

method? 

A.         [TestMethod] 

       public void Capitalize09() 

        { 

            string s; 

            s = this.Capitalize("ba.a"); 

            PexAssert.AreEqual<string>("BaA", s); 

        } 

 

 

B.         [TestMethod] 

       public void Capitalize09() 

        { 

            string s; 

            s = this.Capitalize("baa"); 

            PexAssert.AreEqual<string>("Ba_a", s); 

        } 

 

 

C.         [testMethod] 

       public void Capitalize09() 

        { 

            string s; 

            s = this.Capitalize("ba.a”); 

            PexAssert.AreEqual<string>( “Ba_A”, s); 

        }            

 

D.  None of Above  

 

11.  How many set of parameters are provides as input to the parameterized test method 

Capitalize(string value)? 

A.  8  

B.  6  

C.  5  

D.  None of Above  

 

12.  For the given test methods above, what is the possible parameterized test method? 

A.  [TestFixture] 

public partial class Class1Test 

    { 

        [PexMethod] 

        public string Capitalize(string value) 

        { 

            string result = Class1.Capitalize(value); 

            return result; 

        } 

    } 

 

B.  [TestFixture] 

public partial class Class1Test 

    { 

        [PexMethod] 

        public string Capitalize(string[] value) 

        { 

           string result = Class1.Capitalize(value); 

            return result; 

        } 

    } 

 

C.  None of above   
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 STRINGTOKENIZER 

Table 27: C# Parameterized Test Cases for StringTokenizer 
Test Methods 

[TestFixture] 
public partial class Class1Test 

    { 

        [Test] 
        public void StringTokenizer01() 

        { 

            string[] ss; 
            ss = this.StringTokenizer((string)null, '\0'); 

            PexAssert.IsNull((object)ss); 

        } 
 

        [Test] 

        public void StringTokenizer02() 
        { 

            string[] ss; 

            ss = this.StringTokenizer("", '\0'); 
            PexAssert.IsNull((object)ss); 

        } 

         
        [Test] 

        public void StringTokenizer03() 

        { 
            string[] ss; 

            ss = this.StringTokenizer("\0", '\0'); 

            PexAssert.IsNull((object)ss); 
        } 

 

        [Test] 
        public void StringTokenizer04() 

        { 

            string[] ss; 
            ss = this.StringTokenizer("\u0001", '\0'); 

            PexAssert.IsNotNull((object)ss); 

            PexAssert.AreEqual<int>(1, ss.Length); 
            PexAssert.AreEqual<string>("\u0001", ss[0]); 

        } 

 
        [Test] 

        public void StringTokenizer05() 
        { 

            string[] ss; 

            ss = this.StringTokenizer("\0\0", '\0'); 
            PexAssert.IsNull((object)ss); 

        } 

 
        [Test] 

        public void StringTokenizer06() 

        { 
            string[] ss; 

            ss = this.StringTokenizer("\u0001\0", '\u0001'); 

            PexAssert.IsNotNull((object)ss); 
            PexAssert.AreEqual<int>(2, ss.Length); 

            PexAssert.AreEqual<string>("", ss[0]); 

            PexAssert.AreEqual<string>("\0", ss[1]); 
        } 

 

        [Test] 
         public void StringTokenizer07() 

        { 

            string[] ss; 
            ss = this.StringTokenizer("\0\u0001\0", '\0'); 

            PexAssert.IsNotNull((object)ss); 

            PexAssert.AreEqual<int>(3, ss.Length); 
            PexAssert.AreEqual<string>("", ss[0]); 

            PexAssert.AreEqual<string>("\u0001", ss[1]); 

            PexAssert.AreEqual<string>("", ss[2]); 
        } 

    } 
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public class Class1 

    { 

        public static string[] StringTokenizer(string input, char separators) 
        { 

            try 

            { 
                int i = 0; 

                string[] tokenresult = new string[input.Length]; 

                foreach (string sub in input.Split(separators)) 
                { 

                    Console.WriteLine("Word: {0}", sub); 

                    tokenresult[i] = sub; 
                    i++; 

 
                } 

                return tokenresult; 

            } 
            catch (NullReferenceException nre) { return null;} 

        } 

    } 
 

 

 



  81 

Questionnaires for Example StringTokenizer 

Table 28: C# Parameterized Test Cases questionnaires of StringTokenizer 
S.

N. 

Questions Tick the right 

answer 

1.  What is the purpose of this unit of code? 

A.   Split the words with each blank space  

B.  Split the word after the define delimiter  

C.  Non of above  

 

2.  What are the possible test inputs for this unit of code? 

A.  StringTokenizer (null, „ ‟),  

StringTokenizer (“”, „ ‟ ),  

StringTokenizer (“this\is\\my”, „\\‟) 

 

B.  StringTokenizer (null, „ ‟),  

StringTokenizer (“this?is?my”, „?‟) 

 

C.  None of above  

 

3.  Is StringTokenizer (“ab/2,r\\e\d”, „\\‟) the right test input for the code? 

A.  Yes  

B.  No  

 

4.  Which test methods will generate the NullReferenceException? 

A.  StringTokenizer01(); StringTokenizer02(); 

StringTokenizer03();StringTokenizer04(); 

 

B.  StringTokenizer01(); StringTokenizer02();  

StringTokenizer03();StringTokenizer05(); 

 

C.  StringTokenizer01(); StringTokenizer02();  

StringTokenizer05(); StringTokenizer06(); 

 

 

5.  If test input is StringTokenizer (“”, „ ‟), will test method StringTokenizer02() succeed 

or fail? 

A.  Succeed  

B.  Fail  

 

6.  What will be the output if test input is StringTokenizer(“This,is,Mohan”, „,‟)? 

A.  {“This,is”, “Mohan”}  

B.  {“This”, “is”, “Mohan”}  

C.  {“Thisis”, “Mohan”}  

 

7.  What is actual output if test input is StringTokenizer(“@\0”, „@‟)? 

A.  result={“”, “\0”};  

B.  result=null;  

C.  result={“\0”}  

 

8.  Will test method StringTokenizer05() fail or succeed, if fail why? 

A.  Succeed, handled IndexOutOfRangeException()  

B.  Fail, unhandled IndexOutOfRangeException()  

C.  Fail, unhandled NullReferenceException()  

D.  Succeed, handled NullReferenceException()  

 

9.  For the given test input parameter StringTokenizer(“This,is,Mohan”, „,‟), what is 

possible test method? 
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A.  [TestMethod] 

   public void StringTokenizer09(){ 

  string[] ss; 

  ss = this.StringTokenizer("This,is,Mohan",‟,‟); 

  PexAssert.IsNotNull((object) ss); 

  PexAssert.AreEqual<int>(3, ss.Length); 

  PexAssert.AreEqual<string>("This", ss[0]); 

  PexAssert.AreEqual<string>("is", ss[1]); 

  PexAssert.AreEqual<string>("mohan", ss[2]); 

        } 

 

B.  [TestMethod] 

   public void StringTokenizer09(){ 

  string[] ss; 

  ss = this.StringTokenizer("This,is,Mohan", „,‟); 

  PexAssert.IsNotNull((object) ss);  

  PexAssert.AreEqual<int>(3, ss.Length); 

  PexAssert.AreEqual<string>("This ", ss[0]); 

  PexAssert.AreEqual<string>("is", ss[1]); 

  PexAssert.AreEqual<string>("Mohan", ss[2]); 

        } 

 

C.  None of above   

   

10.  How many set of parameters are provides as input to the parameterized test method 

StringTokenizer(string value)? 

A.  4  

B.  6  

C.  7  

 

11.  For the given test methods, what is the possible parameterized test method? 

A.  [TestFixture] 

public partial class Class1Test 

    { 

        [PexMethod] 

public string[] StringTokenizer(string input, char separators) 

        { 

string result = Class1.StringTokenizer(input, separators); 

            return result; 

        }     

} 

 

B.  [TestFixture] 

public partial class Class1Test 

    { 

        [PexMethod] 

public string[] StringTokenizer(string input, char separators) 

        { 

String[] result = Class1.StringTokenizer(input, separators); 

            return result; 

        }     

} 
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APPENDIX D: EXPERIMENT DOCUMENT OF JAVA 

PARAMETERIZED TEST CASES 
This appendix consists of experiment document that consists of parameterized test 

cases with its associated experiment questionnaires. The set of examples and 

questionnaires are developed in JUnit programming language using Pex testing tools. 

Here we developed test cases for java keeping in mind the Pex testing tools. There are 

three different sets of examples they are Euclidean Algorithm, Capitalization, and 

StringTokenizer.  

 EUCLIDEAN ALGORITHM 

Table 29: Java Parameterized Test Cases for Euclidean Algorithm 
Test Methods 

[TestFixture] 

public partial class Class1Test 

    { 
        @parameterizedmethod 

        public int Euclid(int p, int q) 

        { 
            int result = Class1.Euclid(p, q); 

            return result; 

        } 
    } 

 

public partial class Class1Test 
    { 

        @test 

        public void testEuclid01() 
        { 

            int i; 

            i = this.Euclid(0, 0); 
            assertEquals(0, i); 

        } 

 
        @test 

        public void testEuclid02() 

        { 
            int i; 

            i = this.Euclid(0, 1); 
            assertEquals(1, i); 

        } 

 
        @test 

        public void testEuclid03() 

        { 
            int i; 

            i = this.Euclid(0, int.MinValue); 

            assertEquals(-1, i); 

        } 

 

        @test 
         public void testEuclid04() 

        { 

            int i; 
            i = this.Euclid(1039663536, 512); 

            assertEquals(16, i); 

        } 
    } 

 

public class Class1 
    { 

        public static int Euclid(int p, int q) 

        { 
            if (q < 0 || p < 0) return -1; 

            if (q == 0) return p; 

            else return Euclid(q, p % q); 

        } 

    } 
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Questionnaires for Example Euclidean Algorithm    

Table 30: Java parameterized Test Cases questionnaires for Euclidean Algorithm 

S.

N. 

Questions Tick the right 

answer 

1.  What is the purpose of this unit of code? 

A.  Greatest Common Multiplier  

B.  Greatest Common Divisor   

C.  Least Common Multiply  

D.  None of Above  

 

2.  Is this programming code compliable, if not why? 

A.  Yes  

B.  No, the code contains error  

C.  No, the code do not return the value expected data type  

 

3.  What are the possible test input parameters for this unit of code? 

A.  Euclid(“a”, null)  

B.  Euclid (null, null)  

C.  Euclid (10, 5)  

 

4.  What is the return type of Eculid(int, int) function? 

A.  int[]  

B.  String  

C.  Int  

 

5.  Will test method testEuclid03() succeed or fail? 

A.  Succeed  

B.  Fail, it cause the AssertionFailureError  

C.  Fail, unhandled OverFlowException()  

 

6.  How many test fails when the test is executed? 

A.  1  

B.  0  

C.  3  

 

7.  Will test method testEuclid04() succeed or fail, if test input parameter is Euclid(512, 

48)?  

A.  Succeed  

B.  Fails  

 

8.  Will test method testEuclid03() succeed or fail?  

A.  Succeed, handled negative integer  

B.  Succeed, handled OverFlowException()  

C.  Fail, unhandled OverFlowException()  

 

9.  Which test method will generate OverflowException()? 

A.  testEculid02()  

B.  testEculid03()  

C.  None of Above  

 

10.  For the given test parameter Euclid(5,10) what can be possible test method? 
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A.           @test 

         public void Euclid04() 

        { 

            int i; 

            i = this.Euclid(15, 5); 

            assertEquals(5, i); 

        } 

 

 

B.           @test 

         public void Euclid04() 

        { 

            int i; 

            i = this.Euclid(5, 10); 

            assertEquals(5, i); 

        } 

 

 

 

11.  What is the value of 'int result' for testEuclid03()? 

A.  16  

B.  8  

C.  32  

 

12.  For which test inputs, the test method testEuclid03() fail?  

A.  Euclid(48,16)  

B.  Euclid(96,32)  

C.  Euclid(512,48)  

 

13.  In the given test methods  
 @test 

         public void testEuclid04() 

        { 

            int i; 

            i = this.Euclid(1039663536, 512); 

            assertEquals(16, i); 

        } 

 the function, this.Euclid(1039663536, 512), calls which Class? 

A.  Class1Test with Parameterized method  

B.  Class1Test with TestMethod  

 

14.  How many parameters are used as test inputs? 

A.  4  

B.  3  
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  CAPITALIZE 

Table 31: Java Parameterized test cases for Capitalize 
Test Methods 

[TestFixture] 

public partial class Class1Test 
    { 

        @test 

        public void testCapitalize01() 
        { 

            string s; 

            s = this.Capitalize(null); 
            assertEquals(null, s); 

        } 

 
        @test 

        public void testCapitalize02() 

        { 
            string s; 

            s = this.Capitalize(""); 

            assertEquals("", s); 
        } 

 

        @test 
        public void testCapitalize03() 

        { 

            string s; 
            s = this.Capitalize("\0"); 

            assertEquals("_", s); 

        } 
 

        @test 
        public void testCapitalize04() 

        { 

            string s; 

            s = this.Capitalize("a"); 

            assertEquals("A", s); 

        } 
 

        @test 

        public void testCapitalize05() 
        { 

            string s; 

            s = this.Capitalize("\0\0"); 
            assertEquals("__", s); 

        } 

 
        @test 

        public void testCapitalize06() 

        { 
            string s; 

            s = this.Capitalize("ba"); 

            assertEquals("Ba", s); 

        } 

 

        @test 
        public void testCapitalize07() 

        { 

            string s; 
            s = this.Capitalize("b\0a"); 

            assertEquals("B_A", s); 

        } 
 

        @test 

        public void testCapitalize08() 
        { 

            string s; 

            s = this.Capitalize("aa.a"); 
            assertEquals("Aa.A", s); 

        } 

    } 

 

public class Class1 { 
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     public static String Capitalize(String value) 

   { 

            

   StringBuilder sb = new StringBuilder(); 
              boolean word=false; 

            for(int i=0;i<value.length();i++) 

            { 
                char initial=value.charAt(i); 

                if(Character.isLetter(initial)) 

                { 
                    if(!word) 

                    { 

                        sb.append(Character.toUpperCase(initial)); 
                        word=true; 

                    } 
                    else 

                        sb.append(value.charAt(i)); 

                 } 
                else 

                { 

                    sb.append('_'); 
                    word = false; 

                }         

           } 
              return sb.toString(); 

      } 

} 
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Questionnaires for Example Capitalize 

Table 32: Java Parameterized Test Cases questionnaires for Capitalize 
S.N

. 

Questions Tick the right 

answer 

1.  What is the purpose of this unit of code? 

A.  Capitalizing whole string value  

B.   Capitalizing each letter after the non alphabetic letter and 

replacing non alphabetic letter with sign „_‟ 

 

C.  Capitalizing first letter of each word  

 

2.  What are the possible test input parameters for this unit of code? 

A.  Capitalize(Null), Capitalize( “”), Capitalize( “a\2”)  

B.  Capitalize(Null), Capitalize( “”), Capitalize( “1,bs,s/a”)  

 

3.  What is the return type of the Capitalize(String value)? 

A.  String[]  

B.  String  

C.  Int[]  

D.  int  

 

4.  Is Capitalize(“ab/2,r\\e\d”) the right test input parameter for the code, if not why? 

A.  Yes  

B.  No, unreadable string  

 

5.  If test input is Capitalize(“”), will test succeed or fail? 

A.  Succeed  

B.  Fail  

 

6.  What are the set of parameters that will generate the NullPointerException? 

A.  Capitalize(null)  

B.  Capitalize(null), Capitalize(“”)  

C.  Capitalize(null), Capitalize(“\0”)  

 

7.  Will test method testCapitalize01() fail or succeed, if fail why? 

A.  Succeed, handled NullPointerException  

B.  Succeed, handled StackOverflowError  

C.  Fails, unhandled StackOverflowError  

 

8.  What will be the value of „s‟ of the method testCapitalize08()? 

A.  “AA_A”  

B.  “Aa_a”  

C.  “Aa_A”  

 

9.  What will be the output of test input parameter, Capitalize(“bb.a”)? 

A.  “BB_A”  

B.  “Bb.A”  

C.  “Bb_A”  

 

10.  For the given test input parameter Capitalize(“ba.a”), what can be possible test 

method? 

A.         @test 

       public void Capitalize09() 

        { 

            string s; 

            s = this.Capitalize("ba.a"); 

            assertEquals("BaA", s); 

        } 
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B.         @test 

       public void Capitalize09() 

        { 

            string s; 

            s = this.Capitalize("baa"); 

            assertEquals("Ba_a", s); 

        } 

 

 

C.         @test 

       public void Capitalize09() 

        { 

            string s; 

            s = this.Capitalize("ba.a”); 

            assertEquals(“Ba_A”, s); 

        }            

 

D.  None of Above  

 

11.  How many set of parameters are provides as input to the parameterized test method 

Capitalize(string value)? 

A.  8  

B.  6  

C.  5  

D.  None of Above  

 

12.  For the given test methods above, what is the possible parameterized test method? 

A.  [TestFixture] 

public partial class Class1Test 

    { 

        @parameterizedmethod 

        public string Capitalize(string value) 

        { 

            string result = Class1.Capitalize(value); 

            return result; 

        } 

    } 

 

B.  [TestFixture] 

public partial class Class1Test 

    { 

        @parameterizedmethod 

        public string Capitalize(string[] value) 

        { 

           string result = Class1.Capitalize(value); 

            return result; 

        } 

    } 

 

C.  None of above   
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  STRINGTOKENIZER 

Table 33: Java Parameterized Test Cases for StringTokenizer 
Test Methods 

[TestFixture] 

public partial class Class1Test 
    { 

        @test 

        public void testStringTokenizer01() 
        { 

            string[] ss; 

            ss = this.StringTokenizer(null, “\0”); 
            assertNull(ss); 

        } 

 
        @test 

        public void testStringTokenizer02() 

        { 

            string[] ss; 

            ss = this.StringTokenizer("",“\0”); 
            assertNull(ss); 

        } 

         
        @test 

        public void testStringTokenizer03() 

        { 
            string[] ss; 

            ss = this.StringTokenizer("\0", “\0”); 

            assertNull(object)ss); 
        } 

 

        @test 
        public void testStringTokenizer04() 

        { 

            string[] ss; 
            ss = this.StringTokenizer("\u0001", “\0”); 

            assertNotNull(ss); 

            assertEquals(1, ss.Length); 
            assertEquals("\u0001", ss[0]); 

        } 

 
        @test 

        public void testStringTokenizer05() 

        { 
            string[] ss; 

            ss = this.StringTokenizer("\0\0", “\0”); 

            assertNull(ss); 
        } 

 

        @test 
        public void testStringTokenizer06() 

        { 

            string[] ss; 
            ss = this.StringTokenizer("\u0001\0", “\u0001”); 

            assertNotNull(ss); 

            assertEquals(2, ss.Length); 
            assertEquals("", ss[0]); 

            assertEquals("\0", ss[1]); 

        } 
 

        @test 

         public void testStringTokenizer07() 
        { 

            string[] ss; 

            ss = this.StringTokenizer("\0\u0001\0", “\0”); 
            assertNotNull(ss); 

            assertEquals(3, ss.Length); 

            assertEquals("", ss[0]); 
            assertEquals("\u0001", ss[1]); 

            assertEquals("", ss[2]); 

        } 

    } 
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public class Class1 { 

    public static String[] StringTokenizer(String input, String delimeter) 

    {     

       try 
        { 

        StringTokenizer st = new StringTokenizer(input,delimeter); 

        System.out.println("tokens count: " + st.countTokens()); 
        String[] tokenresult=new String[st.countTokens()]; 

        int i=0; 

        String token=null; 
        while (st.hasMoreElements()) 

        { 

            token = st.nextElement().toString(); 
            tokenresult[i]=token; 

            i++; 
        } 

        for(int j=0;j<i;j++) 

        System.out.println("token = " + tokenresult[j]); 
        return tokenresult; 

        } 

        catch  ( NullPointerException npe ) {return null;} 
             } 

    } 
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Questionnaires for Example StringTokenizer 

Table 34: Java Parameterized Test Cases questionnaires for StringTokenizer 
S.

N. 

Questions Tick the right 

answer 

1.  What is the purpose of this unit of code? 

A.  Split the words with each blank space  

B.  Split the word after the define delimiter  

C.  Non of above  

 

2.  What are the possible test inputs for this unit of code? 

A.  StringTokenizer (null, “ ”),  

StringTokenizer (“”, “ ” ),  

StringTokenizer (“this\is\\my”, “\\”) 

 

B.  StringTokenizer (null, “ ”),  

StringTokenizer (“this?is?my”, “?”) 

 

C.  None of above  

 

3.  Is StringTokenizer (“ab/2,r\\e\d”, “\\”) the right test input for the code, if not why? 

A.  Yes  

B.  No, unreadable string  

 

4.  Which test methods will generate the NullPointerException? 

A.  testStringTokenizer01(); testStringTokenizer02(); 

testStringTokenizer03(); 

testStringTokenizer04(); 

 

B.  testStringTokenizer01(); testStringTokenizer02(); 

testStringTokenizer03(); 

testStringTokenizer05(); 

 

C.  testStringTokenizer01(); testStringTokenizer02(); 

testStringTokenizer05(); 

testStringTokenizer06(); 

 

 

5.  If test input is StringTokenizer (“”, “ ”), will test succeed or fail? 

A.  Succeed  

B.  Fail  

 

6.  What will be the output if test input is StringTokenizer(“This,is,Mohan”, “,”)? 

A.  {“This,is”, “Mohan”}  

B.  {“This”, “is”, “Mohan”}  

C.  {“Thisis”, “Mohan”}  

 

7.  What is actual output if test input is StringTokenizer(“@\0”, “@”)? 

A.  result={“”, “\0”};  

B.  result=null;  

C.  result={“\0”}  

 

8.  Will test method testStringTokenizer05() fail or succeed, if fail why? 

A.  Succeed, handled StackOverflowException  

B.  Fail, unhandled StackOverflowException  

C.  Fail, unhandled NullPointerException  

D.  Succeed, handled NullPointerException  
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9.  For the given test input parameter StringTokenizer(“This,is,Mohan”, “,”), what is 

possible test method? 

A.  @test 

   public void StringTokenizer09(){ 

  string[] ss; 

  ss = this.StringTokenizer("This,is,Mohan",”,”); 

  assertNotNull(ss); 

  asssertEquals(3, ss.Length); 

  asssertEquals("This", ss[0]); 

  asssertEquals("is", ss[1]); 

  asssertEquals("mohan", ss[2]); 

        } 

 

B.  @test 

   public void StringTokenizer09(){ 

  string[] ss; 

  ss = this.StringTokenizer("This,is,Mohan", ”,”); 

  assertNotNull(ss); 

  asssertEquals(3, ss.Length); 

  asssertEquals("This ", ss[0]); 

  asssertEquals("is", ss[1]); 

  asssertEquals("Mohan", ss[2]); 

        } 

 

C.  None of above   

   

10.  How many set of parameters are provides as input to the parameterized test method 

StringTokenizer(String value)? 

A.  4  

B.  6  

C.  7  

 

11.  For the given test methods, what is the possible parameterized test method? 

A.  [TestFixture] 

public partial class Class1Test 

    { 

        @Parameterizedmethod 

public string[] StringTokenizer(string input, string separators) 

        { 

string result = Class1.StringTokenizer(input, separators); 

            return result; 

        }     

} 

 

B.  [TestFixture] 

public partial class Class1Test 

    { 

        @Parameterizedmethod  

public string[] StringTokenizer(string input, string separators) 

        { 

String[] result = Class1.StringTokenizer(input, separators); 

            return result; 

        }     

} 
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APPENDIX E: EXPERIMENT ANALYSIS OF EACH 

EXAMPLE SEPARATELY 
This appendix describes the experiment analysis for each example separately and 

shows that each example satisfies with the result of above experiment. 

 EUCLIDEAN ALGORITHM  

Data was taken by the groups containing Euclidean for concrete and parameterized test 

cases. These methods were used to determine whether the data has been collected correctly 

or not. Following table indicates the data taken by the groups was consistent enough to 

conduct hypothesis test on it. 

Table 35: Descriptive Statistics of Euclidean algorithm for time 

 

N Mean 

Std. 

Deviation Minimum Maximum 

Percentiles 

 

25th 

50th 

(Median) 75th 

Parameterize 12 25,7500 9,64954 13,00 41,00 17,2500 27,0000 34,5000 

Concrete 12 24,7500 10,32319 13,00 44,00 15,7500 23,5000 34,2500 

 

There were 12 members in each group to answer the problem given in both parameterized 

and concrete test cases. Average time taken by the participants of parameterized group to 

solve this example was 25.75 minutes whereas group solving concrete test cases took 24.75 

minutes to solve this problem. Standard deviation for the group solving parameterized test 

cases was 9.6495 and 10.3231 for the group solving concrete test cases. The lowest data 

element of both data sets was 13. Maximum values for concrete test cases and parameterized 

test cases w 44 and 41 respectively.  

Table 36: Hypothesis testing result of Euclidean Algorithm for time 

Ranks 

  N Mean Rank Sum of Ranks 

Concrete - Parameterize Negative Ranks 5a 6,80 34,00 

Positive Ranks 6b 5,33 32,00 

Ties 1c   

Total 12   

a. Concrete < Parameterize    

b. Concrete > Parameterize    

c. Concrete = Parameterize 

 

   

Table 37: Test Statistics of Euclidean Algorithm 

Test Statisticsb 

 Concrete - 

Parameterize 

Z -,090a 

Asymp. Sig. (2-tailed) ,928 
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a. Based on positive ranks. 

b. Wilcoxon Signed Ranks Test 

 

Descriptive statistics was performed at correctness ratio of the answers given by the 

participants for every example. Correctness ratio was determined by comparing the number 

of correct answer given by one group with other group performing the same problem. Total 

numbers of question for this example were 14. 

Table 38: Descriptive Statistics of Euclidean Algorithm for correctness 

 

N Mean Std. Deviation Minimum Maximum 

Percentiles 

 25th 50th (Median) 75th 

parameterize 12 8,1667 2,16725 4,00 12,00 6,2500 8,5000 9,7500 

Concrete 12 9,2500 1,65831 6,00 11,00 8,0000 10,0000 10,7500 

 

Total numbers of participants for the groups were twelve. The parameterized group has 

given approximately 8 correct answers from 14 questions for this example whereas the group 

containing concrete test case example gave approximately 9 correct answers out of five. 

Standard deviation for parameterized group was 2.1672 and 1.6583 for concrete group. The 

minimum correct answers from an individual of parameterized test case group were 4. The 

minimum correct answers given by an individual from the group containing concrete test 

cases were 6. The maximum correct answers by a participant for both treatments 

parameterized and concrete were 12 and 11 respectively. 

Table 39: Hypothesis testing results of Euclidean Algorithm for correctness 

Ranks 

  N Mean Rank Sum of Ranks 

Concrete - parameterize Negative Ranks 4a 4,75 19,00 

Positive Ranks 7b 6,71 47,00 

Ties 1c   

Total 12   

a. Concrete < parameterize    

b. Concrete > parameterize    

c. Concrete = parameterize    

Table 40: Test Statistics of Euclidean Algorithm for correctness 

Test Statisticsb 

 Concrete - 

parameterize 

Z -1,259a 

Asymp. Sig. (2-tailed) ,208 

a. Based on negative ranks. 

b. Wilcoxon Signed Ranks Test 
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 CAPITALIZATION 

The following table shows the difference between the times taken by both groups who were 

solving capitalization for parameterized and concrete test cases. This also indicates the 

consistence of the data taken by the experimenters after experiment. 

Table 41: Descriptive Statistics of Capitalization for time 

 

N Mean Std. Deviation Minimum Maximum 

Percentiles 

 25th 50th (Median) 75th 

Parameterize 12 18,0833 4,88892 12,00 29,00 15,0000 16,0000 20,5000 

Concrete 12 15,5000 4,87106 8,00 24,00 12,2500 14,0000 19,0000 

 

Total number of 12 participants was there in each group. Average time taken by the group 

solving parameterized test cases was 18.08 minutes where as the group solving the example 

for concrete test cases has taken 15.50 minutes on average basis to solve this problem. 

Standard deviation for parameterized group was 4.8889 and 4.8710 for concrete group. The 

time taken by the students performing example for concrete test cases was lesser than the 

time taken by the group solving the example for parameterized test cases. Minimum time 

taken by an individual of a group was 12 and 8 minutes for parameterized and concrete test 

cases respectively. Maximum time taken by an individual of the group was 29 minutes for 

parameterized test cases and 24 minutes for concrete test cases. 

Table 42: Hypothesis test result of Capitalization for time 

Ranks 

  N Mean Rank Sum of Ranks 

Concrete - Parameterize Negative Ranks 8a 6,00 48,00 

Positive Ranks 3b 6,00 18,00 

Ties 1c   

Total 12   

a. Concrete < Parameterize    

b. Concrete > Parameterize    

c. Concrete = Parameterize    

Table 43: Test Statistics of Capitalization for time 

Test Statisticsb 

 Concrete - 

Parameterize 

Z -1,335a 

Asymp. Sig. (2-tailed) ,182 

a. Based on positive ranks. 

b. Wilcoxon Signed Ranks Test 
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Correctness was the second measure to analyze the results. Capitalization was the example 

based on 12 questions. Correctness ratio was analyzed through the correct answers given by 

the participants of both groups. The following table indicates the comparison of correct 

answers given by both groups. 

 

Table 44: Descriptive Statistics of Capitalization for correctness 

 

N Mean Std. Deviation Minimum Maximum 

Percentiles 

 25th 50th (Median) 75th 

Parameterize 12 6,6667 2,30940 3,00 10,00 5,0000 6,5000 9,0000 

Concrete 12 7,8333 1,58592 4,00 10,00 7,2500 8,0000 9,0000 

 

The groups were based on 12 participants. 6.67 And 7.83 correct answers were given by the 

group solving parameterized test cases and concrete test cases respectively. Standard 

deviation for parameterized group was 2.3094 and 1.5859 for concrete group. The minimum 

correct answer given by a participant for parameterized test cases was 3 whereas 4 correct 

answers were the minimum given by an individual solving concrete test cases for 

capitalization. 10 correct answers was the most correct answer given by a participant for both 

parameterized and concrete test cases.   

Table 45: Hypothesis testing result of Capitalization for correctness 

Ranks 

  N Mean Rank Sum of Ranks 

Concrete - Parameterize Negative Ranks 5a 4,40 22,00 

Positive Ranks 7b 8,00 56,00 

Ties 0c   

Total 12   

a. Concrete < Parameterize    

b. Concrete > Parameterize    

c. Concrete = Parameterize    

Table 46: Test Statistics of Capitalization for correctness 

Test Statisticsb 

 Concrete - 

Parameterize 

Z -1,347a 

Asymp. Sig. (2-tailed) ,178 

a. Based on negative ranks. 

b. Wilcoxon Signed Ranks Test 
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 STRINGTOKENIZER 

StringTokenizer was the third and last example used for the experiment. Like other two 

examples both treatments were applied on this example and were given to different groups. 

The example was based on 11 questions.  

Table 47: Descriptive Statistics of StringTokenizer for time 

 

N Mean Std. Deviation Minimum Maximum 

Percentiles 

 25th 50th (Median) 75th 

Parameterize 12 17,2500 3,27872 12,00 26,00 16,0000 17,0000 18,0000 

Concrete 12 14,0833 4,60155 8,00 23,00 10,5000 14,0000 16,5000 

 

This example was also based on 12 participants like other examples. The students who were 

solving this example for parameterized test cases took approximately 17 minutes to solve 

this example on average with 3.2787 standard deviation. Whereas the students who were 

solving it for concrete test cases took approximately 14 minute to solve this example with 

4.6015 standard deviation. Minimum time taken by an individual for parameterized test 

cases was 12 minutes and for concrete test cases it was 8 minute by an individual. Maximum 

time taken by an individual of parameterized and concrete test cases was 26 and 23 minutes 

respectively.   

Table 48: Hypothesis testing result of StringTokenizer for time 

Ranks 

  N Mean Rank Sum of Ranks 

Concrete - Parameterize Negative Ranks 8a 6,31 50,50 

Positive Ranks 3b 5,17 15,50 

Ties 1c   

Total 12   

a. Concrete < Parameterize    

b. Concrete > Parameterize    

c. Concrete = Parameterize    

Table 49: Test Statistics of StringTokenizer for time 

Test Statisticsb 

 Concrete - 

Parameterize 

Z -1,557a 

Asymp. Sig. (2-tailed) ,119 

a. Based on positive ranks. 

b. Wilcoxon Signed Ranks Test 
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Correctness of the answers was the second measure to analyze the data. The correction ratio 

of both treatments parameterized test cases and concrete test cases was compared with each 

other for this example. Following table indicates the results of descriptive statistics applied 

for this example. 

Table 50: Descriptive Statistics of StringTokenizer for correctness 

Descriptive Statistics 

 

N Mean Std. Deviation Minimum Maximum 

Percentiles 

 25th 50th (Median) 75th 

Parameterize 12 6,0833 1,37895 4,00 8,00 5,0000 6,0000 7,0000 

Concrete 12 7,1667 1,52753 5,00 10,00 6,0000 7,0000 8,0000 

 

Total numbers of participants for this example were 12. For parameterized test cases average success 

ratio was approximately 6 answers with 1.3789 standard deviation. Minimum and maximum correct 

answers given by an individual for the group performing parameterized test cases was 4 and 8 correct 

answers respectively. Approximately 7.1667 correct answers were given on average by the group 

solving concrete test cases for stringTokenizer. Calculated standard deviation for the group was 

1.5275. Minimum and maximum correct answers given by an individual for this group were 5 and 10 

respectively.  

Table 51: Hypothesis testing result of StringTokenizer for correctness 

Ranks 

  N Mean Rank Sum of Ranks 

Concrete - Parameterize Negative Ranks 2a 5,00 10,00 

Positive Ranks 7b 5,00 35,00 

Ties 3c   

Total 12   

a. Concrete < Parameterize    

b. Concrete > Parameterize    

c. Concrete = Parameterize    

Table 52: Test Statistics of StringTokenizer for correctness 

Test Statisticsb 

 Concrete - 

Parameterize 

Z -1,493a 

Asymp. Sig. (2-tailed) ,136 

a. Based on negative ranks. 

b. Wilcoxon Signed Ranks Test 
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APPENDIX F: TABLE FOR WILCOXON RANKED TEST 

Wilcoxon Signed-Ranks Test Critical  values  

Number (n)  2 sided  1 sided  

6  0  2  

7  2  3  

8  3  5  

9  5  8  

10  8  10  

11  10  13  

12  13  17  

13  17  21  

14  21  25  

15  25  30  

16  29  35  

17  34  41  

18  40  47  

19  46  53  

20  52  60  

21  58  67  

22  65  75  

23  73  83  

24  81  91  

25  89  100  

Critical values: Wilcoxon Signed-Ranks test p=0.05 (CI% = 95%). Significant, 

if the calculated values   presented in this table [ the sum of the positive ranks 

or the negative ranks ] is too small. 

 

 


