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ABSTRACT 
 
 
 

To perform software testing at the early stages of 
software development process can save the cost and 
effort on finding and fixing defects. As the first stage of 
software development process, requirements 
engineering has been moved away from project-
initiated requirements engineering towards 
requirements-initiated development in the last decade. 
This leads new challenges that it demands support for 
handling the requirements continually come in from 
multiple stakeholders on multiple abstraction levels 
instead of some specific customers. Requirements 
Abstraction Model was developed as a hierarchical 
abstraction method for requirements management, 
which is enable product management to leverage their 
resources and select requirements for implementation 
without overloading the organization. RAM was 
validated in industry on the usability for requirements 
management, but there is no evaluation for RAM on 
software testing. 

This thesis presents an empirical study with a goal 
of evaluating the suitability of RAM for test case design 
in respective of efficiency and effectiveness by the 
comparison with IEEE Std. 830 which is a standard of 
the traditional requirements specification. For achieving 
the goal of this study, a controlled experiment is 
conducted based on the refinement on an initial 
experiment planning, and is operated with twenty 
developers in industry in China.  

Analysis of the collected data from the experiment 
indicates that RAM has a similar effectiveness as using 
the requirements in IEEE Std. 830 format, while RAM 
is more efficient for test case design. Therefore, RAM 
is suitable for test case design, and has better 
performance than IEEE Std. 830 comprehensively in 
view of both efficiency and effectiveness. 

 
Keywords: RAM, Test case design, Efficiency, 
Effectiveness, Experiment  
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1 INTRODUCTION 
 
The aim of this chapter is to give a brief introduction to the topic of the experiment 

on the suitability of RAM for test case design. Moreover, the objects including the 
research questions and the research methodology used in this thesis project to achieve 
the research goals are presented. Thereafter the outline of the thesis is described. 

1.1 Background 
In the last decade there has been a shift from custom software products to market-

driven software products, and traditional bespoke requirements engineering (RE) also 
changed to market-driven requirements engineering (MDRE) [1-4]. According to the 
literature, although MDRE is in many ways similar to traditional bespoke RE, there are 
several crucial differences between them, e.g. time-to-market and invented 
requirements by the internal development organization are two typical characteristics 
of MDRE differed from traditional bespoke RE [2]. These differences lead new 
challenges. For instance, in MDRE large amounts of requirements may continuously 
come in from multiple stakeholders on multiple abstraction levels instead of some 
specific customers [3]. In this case, the use of hierarchical abstraction methods for 
requirements management enable product management to leverage their resources and 
select requirements for implementation without overloading the organization [5, 6]. On 
the other hand, it is less expensive to find and fix the bug at early stages rather than 
fixing them at the later stages [7]. It means software testing activities should be 
planned, designed and implemented at the early stages of the software development 
process. Some literature present the criteria for judging the quality of testable 
requirements based on traditional requirements specification [8, 9] e.g. IEEE Std. 830 
[15], but little focus on evaluating the suitability of the hierarchical structure of 
requirements specification for software testing activities.  

Moving away from project-initiated requirements engineering towards 
requirements-initiated development demands support for handling the continually 
incoming requirements [5]. The Requirements Abstraction Model (RAM) [5] is 
designed as a hierarchical structure model to support a continuous requirements 
engineering effort with ordering the requirements hierarchically according to their 
abstraction levels in nature, instead of just flatting all requirements to one abstraction 
level. Requirements produced when using RAM offer a richer understanding and 
testability, and thus a better decision support to e.g. requirements prioritization and 
selection can be gained at the early stage of requirements management [5]. Moreover, 
the good-enough requirements from an understandability and testability point of view 
can be used as important input to software verification and validation activities at the 
early stages of the software development process [10-12].  

Therefore, we think it is valuable to research the suitability of RAM for software 
testing activities. In this case, the construction of a controlled experiment [13] is 
involved with the purpose of evaluating efficiency and effectiveness of RAM for test 
case design by the comparison with IEEE Std. 830. The experiment was operated with 
twenty developers in industry which are randomly selected from two software 
companies in China. 

The experiment results indicate the better efficiency and no significant different on 
the effectiveness of RAM for test case design by comparing with IEEE Std.830. And 
thus, RAM is suitable for test case design, so that it can be used for software testing at 
the early stage of the market-driven software development process, ensuring high 
quality requirements input to the sequence phases and less cost and efforts on software 
testing process as well. 
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1.2 Objective 
Before this thesis project, we conducted an initial experiment planning to evaluate 

the suitability of RAM for test case design, and a pilot experiment was performed with 
two master students in Software Engineering at BTH in Sweden for evaluating the 
initial experiment design (see Chapter 4 in details).  

Based on the effort above, the overall objective of this thesis project is to refine the 
initial experiment planning and execute it with larger groups of people for evaluate the 
suitability of RAM for test case design by the comparison with IEEE Std. 830. In 
general, this thesis shall answer the question that whether RAM is suitable for test case 
design with respect to efficiency and effectiveness. In this thesis project, we define 
efficiency as the average efforts for testing each requirement considering the time cost 
and the number of related requirements used to specify test cases, and define 
effectiveness as the average quality of test cases considering the coverage and validity 
of test cases designed for testing each requirement. More details on the definitions of 
efficiency and effectiveness are presented in Chapter 3.  

To answer the overall research question, the following sub-questions need to be 
considered: 

 
• Q1: Does it cost less time or not when using RAM requirements for test case 

design than using the requirements specified in the IEEE Std. 830 format? 
• Q2: Whether or not using RAM requirements to design test case involve fewer 

numbers of other related requirements for eliciting information than using the 
requirements specified in the IEEE Std. 830 format? 

• Q3: Whether or not RAM performs more efficient than IEEE Std. 830 taking both 
the time cost and the number of related requirements used for test case design into 
account? 

• Q4: Whether or not the test suit for each requirement designed with RAM 
requirements have a better coverage than those designed with the requirements 
specified in the IEEE Std. 830 format? 

• Q5: Whether or not the test suit for each requirements designed with RAM 
requirements are more valid for the execution than those designed with the 
requirements specified in the IEEE Std. 830 format? 

• Q6: Does RAM perform more effective or not than IEEE Std. 830 taking the 
average quality of the test suit designed to test each target requirement into 
account? 

 
The answers to the Q1 to Q3 are used to evaluate the efficiency of RAM for test 

case design, and the rest three questions, i.e. Q4 to Q6, are for evaluating the 
effectiveness of RAM for test case design. 

1.3 Research Methodology 
In general, there are two different research methods, which are quantitative and 

qualitative. According to [14], the goal of quantitative methods is to determine 
whether the predictive generalizations of a theory hold true. Quantitative research, e.g. 
survey and experiment, involves analysis of numerical data, and focus on measurement 
and statistical evaluation with the aim of explaining cause-effect relationships. By 
contrast, qualitative methods, e.g. case study and ethnography, aim to understand a 
social or human problem from multiple perspectives, and thus qualitative researchers 
are concerned primarily with process rather than outcomes or products. 

In this thesis project, a combination research methodology which including both 
qualitative and quantitative methods are be taken. Firstly, as the qualitative part a 
detailed literature review on experimentation in software engineering [13] will be 
performed in order to deepen our understanding of the experimentation in software 
engineering. Thereafter, in an attempt to evaluate the suitability of RAM for test case 



  3 

design, a controlled experiment, which was designed before this thesis project, is 
refined and executed with large groups of people. The overall process is presented in 
Chapter 3. 

1.4 Outline of the Thesis 
Chapter 2 presents the background, including an overview on Requirements 

Abstraction Model (RAM), test case generation as well as the Course Management 
System (CMS). Some experimental studies related to test case are reviewed with a 
purpose of conducting a well controlled experiment in our study. 

Chapter 3 details the overall process of the controlled experiment for evaluating 
the suitability of RAM for test case design. Firstly, in order to understand the objective 
of the thesis project, a short review on the initial experiment planning which was 
conducted before this thesis project is presented. Moreover, the refinements of the 
initial experiment planning are described. Thereafter the preparation and planning of 
the final experiment is presented in details as well as its operation. 

In Chapter 4, the research results are presented. The suitability of RAM for test 
case design with respect to effectiveness and efficiency is evaluated based on the 
analysis of the collected experimental data.  

Finally, Chapter 5 summarizes the overall thesis project with some future works 
and conclusions. 
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2 BACKGROUND AND RELATED WORK 
 

The aim of this chapter is to provide the reader with background-information for 
our study as well as the related empirical research on test case generation. 
Requirements Abstraction Model (RAM) is presented, including the reason why it was 
developed and how it supports to handle the continually incoming requirements in 
market-driven software development environment. And then, a short description of test 
case design is provided, including the approaches and quality measurements. 
Moreover, a brief description of a CMS system, which is used for the task of test case 
design in the experiment, is presented.  

2.1 Requirements Abstraction Model 
The shift from project-initiated requirements engineering towards requirements-

initiated development demands support for handling the continually incoming 
requirements. The Requirements Abstraction Model (RAM) [5] by Gorschek and 
Wohlin , was developed with the central motivation for giving product management a 
model for how to handle the requirements coming in from multiple stakeholders on 
varying abstraction levels in MDRE. The need for RAM originated in problems faced 
at Danaher Motion Särö AB (DHR); however it is flexible and can be tailored for 
different organizations [5].  

RAM was developed as a hierarchical requirements abstraction model based on the 
concept that requirements come on varying abstraction levels, and thus, RAM orders 
all requirements hierarchically instead of simply flattening them to one abstraction 
level. I.e. requirements on a high level of abstraction and a low level abstraction are 
clear classified by several levels of abstraction, so that a richer understanding can be 
obtained as to the purpose of a requirement, its origin and so on, by looking at 
requirements over the abstraction level boundaries [5]. 

RAM basically provides four levels of abstraction on which requirements are 
placed, which are Product Level, Feature Level, Functional Level and Component 
Level (See Figure 1). 

 
Figure 1. RAM abstraction levels [5] 

 
Those requirements that are of high abstraction i.e. representing the goals are 

placed at Product Level in RAM. Product level requirements are of very high 
abstraction such that they can interact directly with product strategies and in an 
indirect manner with organizational strategies [5]. This property gives a chance to 
compare requirements with product and organizational strategies and it can help 
managers to include, exclude any requirement as well as setting priorities of the 
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requirements [5]. The second level of RAM is called the Feature Level. Requirements 
in this level are features that the product supports. Functional Level contains functional 
aspect of the requirement i.e. at this level each requirement is described in such a way 
that it clearly shows what a user or system can do. Description at this level can be used 
to develop a design of the undergoing system, moreover Function Level requirements 
should strive to be testable and unambiguous [5]. The last level in RAM is the 
Component Level. Requirements at this level are present in much detailed form, and 
many Component Level requirements come from internal sources, e.g. engineers and 
developers [5]. 

For handling the requirements in a hierarchical way, some steps should be 
performed to place a requirement on a particular level. Figure 2 shows three action 
steps of RAM for managing requirements. The first action step is to specify 
requirements from identified sources. For each requirement, its Title, Description, 
Reason/Benefit/Rationale and Restrictions/Risks are stated [5]. Place (evaluate) is the 
second action step in RAM in which each requirement is examined for its placement 
on one of the four levels. And then, the last step, which involves abstracting and/or 
breakdown of a requirement, make each requirement (on Feature Level or lower) to be 
abstracted up to the Product Level so that all requirements are comparable with the 
product strategies. There are two rules defined for the work-up action as follows [5]. 

 
• R1: No requirement may exist without having a connection to the Product Level. 
• R2: All requirements have to be broken down to Function Level. 
 

R1 makes each requirement at lower level to be abstracted upward. In some cases, 
new requirements are created. Requirements at each level are linked with these new 
requirements or existing requirements. To fulfill R2, requirements at higher levels in 
the RAM are broken down and linked to the function level requirements.  

After these work-up steps each original requirement has upward and downward 
link. Removal of a requirement from this chain needs to execute work-up actions steps 
again so that whole chain should be deleted or remaining requirements in the chain 
should be re-linked to any other requirement [5].  

RAM was validated in industry through both static validations and dynamic 
validations, and the usability of the model was premiered in its development and was 
partly assured during the static validation and tested during the dynamic validation [5]. 

 

 
Figure 2. RAM action steps [5] 
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2.2 Test Case Design 
Test case design is one of the most important activities in software testing process. 

As a part of system and component testing, a set of test cases are designed with a goal 
of discovering defects effectively and showing that the system meets its requirements. 
In RE process, test case generation is as one requirements validation technique that the 
tests for the requirements are devised as part of the validation process to reveal 
requirements problems. Developing tests from the user requirements before any code 
is written is an integral part of extreme programming [20]. 

 A test case is a description of a test input sequence to the program, and a 
description of properties that corresponding output is expected to have. And thus, a 
documentation of a test case typically specifies testing inputs, predicted results, and a 
set of execution conditions [19].  A test suit consists of a set of single test cases. 
Normally, several test cases (a test suit) are designed for testing one requirement in 
order to test different inputs with different outputs. Various approaches can be taken to 
test case design [21]: 

 
• Requirements-based testing where test cases are designed to test the system 

requirements. This is mostly used at the system-testing stage as system 
requirements are usually implemented by several components. For each 
requirement, a set of test cases are identified to demonstrate that the system meets 
that requirement. 

• Partition testing where identifying input and output partitions and designing tests 
so that the system executes inputs from all partitions and generates outputs in all 
partitions. Partitions are groups of data that have common characteristics, e.g. all 
negative numbers. 

• Structural testing where using knowledge of the program’s structure to design tests 
that exercise all parts of the program. Structural testing helps identify test cases 
which are used to test each statement at lest once.  
 
Choosing the right test cases is an important task in software development due to 

high costs of software testing as well as the significance of software failures, and thus 
evaluating the quality of test techniques and test suites may help improving test results. 
According to [16], there are three aspects should be taken into account for evaluating 
the test case quality: 

 
• The object of measurement. The object that is in the focus of the quality statement 

should be precisely determined, i.e. a single test case, a set of test cases (test suit), 
and a method which creates test suites. 

• Measuring against what and when. It is important to figure out the available 
artifacts and documents in different phases of software development process for 
test case generation. E.g., in the requirements development phase, test cases are 
designed based on the requirements specification. In this case, reflection of 
requirements in test cases may be a quality aspect instead of fault detection 
capabilities. 

• Relative vs. absolute quality. It is important to distinguish relative and absolute 
measurements. Since it seems very unlikely to find absolute measures, the more 
realistic way of measurement is to focus on relative measures, e.g. which test suit 
is better. 

 
In our study, test case design is involved in a controlled experiment based on 

requirements specification. Therefore, the approach of requirements-based testing is 
adopted. For testing each requirement, test cases are designed to test its function and 
behavior, not testing its internal structure. According to [22], existing black-box test 
generation techniques do not support requirements-based test generation, and thus 
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some techniques are developed to automatically generate test cases based on formal 
specifications. But it can be very time consuming on training the subjects of the 
experiment to read formal requirements specification. Moreover, the requirements to 
be tested in the experiment are specified in natural language following IEEE Std. 830 
or handled with hierarchical structure of RAM, not in formal language. Therefore, 
designing test cases by scenario-based method [23] can be an alternative way in this 
study.  

2.3 Course Management System 
The Course Management system (CMS) is an intranet solution for course 

management used at Universities. CMS system is designed to meet a need at 
Universities of providing information about courses, such as course news, schedule, 
and distribute documents and other files necessary to conduct a course. It is also 
support management of course participants. 

There are four characteristics as the user of the CMS system: 
 

• Course Manager. Course Managers are teachers at the university. They will get 
support from the CMS system to conduct a course and manage it as well as 
managing the course participants. 

• Course Tutor. Course tutors are junior teachers or even senior students. They can 
also participate in the course management, but with limit authority in course 
participants management.  

• Course Participants. Course participants are students of all ages and backgrounds. 
By using CMS system, they can enroll in the course they are interested in and 
involve in the who studies of those course with the help of the course information 
the course manager or course tutor provide on line, and also make discussion in 
the course forum with other course participants. 

• System Administrator. The role of the system administrator is to maintain the 
whole system.  
 
In our study, we use the CMS requirements specifications for the task of test case 

design in the experiment. The CMS requirements specifications are in two different 
formats, i.e. the IEEE Std. 830 format and RAM format. Ten functional requirements 
in each format are randomly selected from the main functionalities of the system to be 
the target requirements for test case design. They are in the same order according to 
each function of CMS. More details about the experiment according to the CMS 
requirements are presented in section 3.4.4. 

2.4 Related Empirical Research 
Several experiments were conducted on test case generation, test case quality as 

well as test case prioritization in different ways. But many of them are towards 
automatically generating test cases or test cases based on formal models [24 - 27]. 

Although such empirical researches are not met the goal of our study, the planning 
and operation of these experiments are still valuable to review in order to design our 
own controlled experiment in this study. 

 



  8 

3 THE EXPERIMENT 
 

In this chapter, the research design of the controlled experiment conducted for this 
thesis project is presented in details. Section 3.1 provides a short review of the initial 
experiment planning as well as a pilot experiment used to evaluating the planning, and 
section 3.2 presents the refinements of the initial design in order to conduct a final 
experiment which is operated with large group of people. Based on this, section 3.3 
gives the final experiment definition, and section 3.4 describes the preparation and 
planning of the final experiment in details. Thereafter, section 3.5 analyses the threats 
to validity in the experiment planning, while section 3.6 describes the execution of the 
final experiment. A summary of this chapter is found in section 3.7. 

3.1 Initial Experiment Planning 
Before this thesis project, an initial experiment planning was conducted with a 

goal of evaluating the suitability of RAM for test case design with respect to efficiency, 
effectiveness and ease of understanding by the comparison with IEEE Std. 830. We 
intend to select master students in Software Engineering at BTH in Sweden and at 
Qingdao University (QDU) in China as the subjects to participant the experiment. The 
subjects would be assigned randomly to two different groups, and instructed to design 
test case to test ten requirements based on the requirements specification of a Course 
Management System (CMS) in IEEE Std. 830 format or RAM format respectively. 
And thus, the experiment was designed of type balanced one factor (the CMS 
requirements specification format) with two treatments (IEEE Std.830 format and 
RAM format) study [13].  Some variables were defined and measured in the initial 
experiment, e.g. we defined efficiency as the time cost and the number of related 
requirements used to elicit the information and specify test cases for testing each 
requirement, and defined effectiveness as the quality of test suit measuring by the 
coverage of the tested requirement and the validity for execution.  

 Moreover, a pilot experiment with the purpose of evaluating the initial experiment 
planning was performed with two master students in Software Engineering at BTH in 
Sweden. Before the pilot experiment, the two participants were only informed that 
they would participate in a controlled experiment with the purpose of evaluating the 
suitability of RAM for test case design, no more details about the content of the 
experiment. The pilot experiment consists of two different sessions, i.e. an education 
session and a task session. Firstly, the education session was performed in order to 
give the necessary knowledge related to the experiment and make the two participates 
understand the task in the following session. This session was run 25 minutes. 
Subsequently, the two participates were divided into two groups with one member for 
each by drawing lots, and the experiment artifacts were handed out. Thereafter, in the 
task session the participants started the main task of the experiment with a background 
assessment, and then designed test cases for testing ten requirements based on the 
CMS requirements specification document in given format respectively. The second 
session was run around 80 minutes. After that, some feedback on the initial experiment 
planning and execution was collected to refine the initial experiment. 

3.2 Experiment Planning Refinements 
With the help of the pilot experiment as well as feedback from the two participants, 

some drawbacks on the initial experiment planning and execution were exposed. The 
main refinements involve the following aspects. 

 
• Lack of understanding on the CMS system. Because we did not inform the two 

subjects of the pilot experiment any content of the experiment, and thus they did 
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not read the requirements specification of the Course Management System. 
Although the students at BTH use a similar system named It’s learning

1 in their 
daily study, and such experience may make the two participants familiar with the 
CMS system, they only learned the CMS system when they worked with it for 
designing test cases within limited time of the second session. The participants 
complained that the CMS requirements documents should be sent to them so that 
they could have enough time to learn this system.  

� Improvement: for the final experiment, the CMS requirements documents in 
different formats are sent to the subjects two days before the experiment 
execution according to the groups division, so that the subjects could have 
time to learn the CMS system. The subjects need to bring the CMS 
requirements specification when participating in the experiment. In the 
second session of the experiment execution, another material with ten 
selected requirements which are needed to test are handed out, and the 
subjects design test cases to test the ten CMS requirements based on the 
original CMS requirements documents they have. 

• The procedure of the experiment execution. As presented above, the pilot 
experiment was carried out in two sessions, i.e. the first session for education and 
the second one for background assessment and test case design based on the CMS 
requirements specification. In this case, the groups division was happened at the 
beginning of the second session, and thus in the education session the two 
participants had the same introduction to the experiment contents, i.e. the 
participant in one group knew the experiment contents in the opposite group 
whatever the groups division. This may threat the internal validity of experiment 
results [13].  

� Improvement: we make some changes of the procedure of the execution. 
First, the subjects’ background is assessed before the experiment execution 
in order to estimate the characteristic of the selected subjects i.e. how 
heterogeneous they are, determining that whether the subjects can be 
divided randomly into two groups. Based on this, the education session is 
carried out with different contents according the groups division 
respectively, so that the subjects in different group do not know the task of 
the opposite group. 

• The contents of the education session. The first session of the pilot experiment is 
to educate the subjects to learn how the experiment is and which task they would 
work on. An introduction was presented, which includes a short review of the 
background knowledge related to the experiment, a brief description of the overall 
experiment design as well as a training for following the given experiment 
material (a template of test case design ) to design test cases based on the CMS 
requirements specification. As presented above, in the pilot experiment, the 
subjects had the same education, which could be threat to the internal validity of 
the experiment results. Moreover, the detailed experiment design, e.g. the 
variables selection, the hypothesis of the experiment and etc., should be not 
introduced to the subjects because of the same reason. 

� Improvement: Two introductions with different contents are conducted 
according to two different groups, e.g. for the IEEE group, the introduction 
to the IEEE Std. 830 and how to elicit information for design test cases is 
presented, and for the RAM group, the subjects are educated to design test 
cases based on the requirements specification in the RAM format instead. 
Moreover, the description of the detailed experiment design is removed 
from the updated introduction. 

 

                                                      
1 It’s learning system: https://www.itslearning.com 
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Besides the improvement presented above, some other changes from the initial 
experiment planning are made because of the change of the experiment environment. 
As presented in section 3.1, we planed to execute the experiment in the context of a 
master course with the help of master students at BTH and at QDU. But because of the 
limitation of time and resources, we failed to arrange the experiment as we planed. 
Alternatively, we turn to industry in China for help, and contacted three software 
companies settled in Qingdao Software Park2 with an updated experiment planning. 
One week later, we got response that two of them, i.e. Trial Retail Engineering (T.R.E.) 

China
3 and Qingdao Gaoxiao Information Industry (Group) Co., Ltd

 4, would like to 
offer experiment environment for the experiment. Then, we discussed the detailed 
arrangement of the experiment with Project Managers in the two software companies, 
including the content of the experiment planning, the schedule for the experiment 
execution as well as the subject selection.  

During the conversation, the Project Managers were both satisfied with the refined 
experiment planning (see the following section 3.3 in details), and each company 
decided to offer ten developers to participate in the experiment. The developers were 
those who were free from their projects at that time so that they can make free time to 
participate in the experiment. Because the two independent software companies have 
their own schedule for daily work, the experiment can not be executed in one time. 
Moreover, the ten developers from each software companies can not be combined and 
make the group division as a whole, because that the companies are different which 
may threat to the validity of the experiment results. 

As a result, we decided to operate the experiment in the two software companies 
independently. In each experiment execution, the ten subjects would be randomly 
assigned to two groups, i.e. five subjects in the IEEE Std. 830 group vs. five subjects 
in the RAM group. The experiment execution is presented in section 3.5 in details. In 
addition, considering that the experiment is executed in China and all subjects are 
Chinese speaker, all material is prepared in Chinese. Moreover, in the rest content of 
the thesis, we use anonymous names as Company A and Company B for the two 
involved companies in order to avoid the threats to the results which could be occurred 
based on relations between the experimental data and the company where the data is 
collected. 

3.3 Final Experiment Definition 
The goal of the experiment definition is to ensure importance aspects of an 

experiment are defined before the planning and execution take place [13]. The 
definition template of this study is as follows: 

 
Analyze RAM and IEEE Std. 830 
for the purpose of evaluation 
with respect to efficiency and effectiveness 
from the point of view of the researcher 
in the context of developers in industry designing test cases based on the 

requirements specifications in two different formats. 
 
In the template, the definition shows that the objects of the analysis are two 

formats of requirements specification and management, i.e. RAM and IEEE Std. 830. 

                                                      
2 Qingdao Software Park is one China’s National Software Industry Base and the hub of Qingdao’s 
Software and BPO industry. More information on Qingdao Software Park from 
http://en.qingdaosoftware.com/home.aspx 
3 More information on Trial Retail Engineering (T.R.E.) China from 
http://www.trechina.com/index.html (in Chinese and Japanese only) 
4 More information on Qingdao Gaoxiao Information Industry(Group) Co., Ltd from 
http://www.gaoxiaoit.com/english/index.htm 
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The purpose is to evaluate the suitability of RAM for test case design with by the 
comparison of IEEE Std. 830 with respect to efficiency and effectiveness. In addition, 
the results of the experiment are interpreted from the point of view of the researcher 
which means he draws conclusions from the collected experimental data. Finally, the 
context shows that the experiment is run in the industry environment, and the selected 
developers as the subjects of the experiment design test cases for testing ten given 
requirements of the CMS system based on the original CMS system requirements 
specification in two different formats respectively, i.e. the requirements specification 
in RAM format or in IEEE Std. 830 format. See the introduction to the Course 
Management System in section 2.2. 

3.4 Preparation and Planning of the Final Experiment 
This section presents the overall preparation and planning of the final experiment, 

including the variables selection, the definition of the null and alternative hypotheses, 
the selection of the experiment context and subjects, the construction of the experiment 
instrumentation, and the experiment design type as well. 

3.4.1 Variables selection 
According to [13], two types of variables are chose in controlled experiments, i.e. 

independent and dependent variables. The independent variables should have some 
effect on the dependent variables and thus must be controlled be the researcher. The 
independent variable affecting the dependent variables is called a factor, and one 
particular value of the independent variable is called a treatment [13]. The dependent 
variables are those variables studied to measure the effect of the changes in the 
independent variables. Direct and indirect measurements are involved in the 
measurement of the dependent variables. The difference of these two measurements is 
that a direct measurement does not require a reference to other measurements while an 
indirect measurement does. The choice of both independent variables and dependent 
variables means the measurement scales and the rang of the variables are determined 
[13].   

According to the experiment definition, there is only one independent variable 
(factor) in the case of our study, i.e. the format of the requirement specification. IEEE 
Std. 830 format and RAM format are two particular value of the factor, and thus there 
are two treatments in the experiment. The scale of the measurement of the independent 
variable is normal. The main dependent variables selected in the experiment are 
efficiency and effectiveness. These two variables are frequently used, and hardly be 
measured the effect of the changes of the treatments directly so that they need to be 
refined for the case of our study, and thus more dependent variables have to be 
collected by direct measurements in order to determine efficiency and effectiveness.  

In this experiment, the efficiency of RAM for designing test case are refined as the 
subjects’ average effort on testing each requirement based on a given format of the 
requirements specification. Less value of average effort on testing each requirement, 
more efficient the treatment is. Two direct measurements for efficiency are defined as 
follows: 

 
• Time spent on test case design for each requirement 
• The number of related requirements used to specify test cases for testing each 

requirement 
 
Obviously, time is an import variable for measuring efficiency as normal. While, 

for measuring the efficiency of test case design, time is not the only one variable to be 
considered. In this study, test cases are designed and documented based on the 
requirements specification, how to elicit the information from the requirements 
specification for designing test cases is another important measure to be considered. 
Because a well organized structure of requirements can less the efforts on the 
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information elicitation for test case design so that it is more efficient. And thus, 
besides time measurement, we also measure how many related requirements are used 
to elicit the useful information for specifying test cases. 

During the task of test case design, each subject need to record the start time and 
the end time for each test case design, and the ID of related requirements used to 
design each test case are needed to record as well. And thus, the efficiency which is 
inversely proportional to the average effort on testing each requirement can be 
calculated by the formula as:  
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where 
Ni  — the number of related requirements used to design test cases for testing the 

ith requirement 
Ti — the time spent on test case design for the ith requirement 
 
The effectiveness is refined as the average quality of test suits designed for testing 

each requirement. As presented in section 2.2, there are different metrics with multiple 
dimensions for estimating the quality of test case. In this experiment, we estimate the 
quality of a set of test cases (test suit) for each target requirement instead of one single 
test case. Moreover, all test cases are designed based on the CMS requirements 
specification document, and the estimation of the average quality of test suit is 
performed before the execution, in this case the average quality of test suits can not be 
measured with the number of faults found. Instead, we defined another two direct 
measurements for estimating the average quality of each test suit as follows: 

 
• The coverage of the tested requirement 
• The validity for the test suit execution 

 
For each measurement, we define the criteria with different grades in interval scale. 

The estimation criteria of the coverage and validity aspects of each test suit are 
presented in Table 1. Therefore, the effectiveness which is equal to the average quality 
of each test suit is calculated by the formula as:  
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       AQTS — the average quality of the all test suit designed 
TSiQ — the quality of the ith test suit 

TSiC — the value of coverage aspect of the ith test suit 

TSiV — the value of validity for executing the ith test suit 
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Table 1. The criteria of quality estimation for each test suit 

Aspect Criteria Value 

The test suit does not cover the function of the target 
requirement with either normal or abnormal situations. 

0 

The test suit covers normal situations of the target requirement. 1 
The test suit covers normal situations as well as some abnormal 
situations of the target requirement. 2 

Coverage 
( TSiC ) 

The test suit covers all the function of the target requirement 
with both normal and abnormal situations. 3 

The test suit is specified without valid information from the 
target requirement or related requirements so that can not be 
executed. 

0 

The test suit is specified with rational purposes but limited 
necessary inputs, incomplete testing steps or unclear expected 
results so that it is hardly executed. 

1 

The test suit is specified validly with basic information from the 
target requirement and related requirements, including rational 
purposes, necessary inputs, complete testing steps and clear 
expected results so that it can be executed. 

2 

The test suit is specified validly with basic information as well 
as clear stated other attributes, including pre-requisites, 
priorities and related test cases so that it can be executed. 

3 

Validity 
( TSiV ) 

The test suit is specified completely with clear basic 
information as well as all other attributes which are included in 
a given test case design template so that it can be executed. 

4 

 
In summary, one independent variable and four direct measured dependent 

variables are selected in the final experiment. By collecting value of these variables, 
the efficiency and effective of RAM for test case design are finally evaluated. Table 2 
shows the independent and dependent variables selected in the case of our study. 

 
Table 2. Variables selection in the final experiment 

Type Variable Name Value Scale 
IEEE Std. 830 

Format (FRSIEEE) Independent 
Variable 

Format of Requirements 
Specification (FRS) RAM Format 

(FRSRAM) 

Nominal 

Time spend on testing each 
requirement (Ti) 

(in minutes) Ratio 

The number of related 
requirements (Ni) 

{0, 1,  … , n}, n∈N 

The coverage of each 
requirements ( TSiC ) {0, 1, 2, 3} 

Direct 
Measurement 

The validity for the execution 
( TSiV ) {0, 1, 2, 3, 4} 

Interval 

Efficiency Dependent 
Variable 

Effectiveness 
Q Ratio 
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3.4.2 Hypothesis 
According to [13], hypothesis testing is the basis for the statistical analyses of a 

controlled experiment.  In general, two types of hypothesis have to be formulated in an 
experiment, i.e. null-hypothesis (H0) and alternative hypothesis (Ha). A null hypothesis 
states that there are no real underlying trends or patterns in the experiment setting, i.e. 
there is no difference regarding one measurement for different treatments. By contrast, 
an alternative hypothesis states that there are significant differences of trends or 
patterns in the results of the experiment, and this is the hypothesis in favor of which 
the null hypothesis is rejected [13].  

In the following the null and alternative hypotheses formulated in this experiment 
are presented.  For evaluating the efficiency of RAM for test case design, the null and 
alternative hypotheses are as follows: 

 
• H0 Efficiency: There is no difference in terms of efficiency by using the requirements 

in RAM format and IEEE Std. 830 format for test case design. 
• Ha1 Efficiency: Using the requirements in RAM format for test case design is better 

than using the requirements in IEEE Std. 830 format in terms of efficiency. 
• Ha2 Efficiency: Using the requirements in IEEE Std. 830 format for test case design is 

better than using the requirements in RAM format in terms of efficiency. 
 
For evaluating the effectiveness of RAM for test case design, the null and 

alternative hypotheses are as follows: 
 

• H0 Effectiveness: There is no difference in terms of effectiveness by using the 
requirements in RAM format and IEEE Std. 830 format for test case design. 

• Ha1 Effectiveness: Using the requirements in RAM format for test case design is better 
than using the requirements in IEEE Std. 830 format in terms of effectiveness. 

• Ha2 Effectiveness: Using the requirements in IEEE Std. 830 format for test case design 
is better than using the requirements in RAM format in terms of effectiveness. 

3.4.3 Context and subject selection 
As presented in section 3.2, instead of operating the experiment in academia, we 

get help from two software companies settled in Qingdao Software Park, and execute 
the final experiment in industry with help of twenty developers (ten from each 
company). The experiment was operated separately twice because of the different 
environment of the two companies. In Company A, the experiment was conducted in 
the context of a meeting session which is hold to sum up today’s tasks after daily work, 
and in Company B, the experiment was conducted in the context of a training session 
which is regular happened on Saturday morning. A questionnaire on background 
assessment was handed out to all subjects three days before operating the final 
experiment in order to estimate the experience of all the subjects. The background 
assessment consists of some objective questions on their knowledge of requirements 
engineering and software testing, and their work experience in these areas. The result 
of the questionnaire showed that, the ten subjects in Company A considered themselves 
to have novice skills in requirements engineering and have novice to moderate skills in 
software testing, and all of them have approximate one and a half years experience 
from the software engineering program with real customers. On the other hand, the ten 
subjects from Company B had assessed their knowledge in both requirements 
engineering and software testing to be from novice to moderate skills, and they also 
have approximate one and a half years experience from the software engineering 
program with real customers. The questionnaire of background assessment can be 
found in Appendix II. 

In order to gain the subjects’ commitment, all the subjects were informed that their 
performance on this study would be not included in their work performance 
assessment. Moreover, an education session was conducted as the first process of the 
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experiment execution, and a presentation was given on the contents of the experiment, 
and introduced the background knowledge related to the study. 

3.4.4 Instrumentation 
The instruments for an experiment, including objects, guidelines and 

measurements forms, should be conducted in the planning of an experiment, and all 
the required instruments are conducted according to the design of the experiment and 
the method used for data collection [13].   

During the experiment, the following objects should be used: 
 

• The CMS requirements specification in the IEEE Std. 830 format or in the RAM 
format (according to the group division) 

• Ten CMS requirements for test in the IEEE Std. 830 format or in the RAM format 
(according to the group division). The ten CMS requirements, which are selected 
from the original CMS requirements specification, are all functional requirements 
in different functional modules of the CMS system.  

 
The guidelines of the experiment are conducted in order for the subjects to 

understand the contents of the experiment and how to perform their work in this 
experiment. As presented in section 3.2, during the experiment execution, the subjects 
were educated on the knowledge of requirements engineering and software testing, and 
were trained how to design and specify test cases following a given test case template. 

A manual form was designed to collected experimental data for hypothesis testing, 
which is a template for test case design. For the task of test case design, all the subjects 
should follow the given template to design and specify test cases, i.e. fill in each item 
with the information extracted from the testing requirement as well as the related 
requirements if it is necessary. The template includes Target Requirement ID which is 
a unique identifier of the requirement to be tested, Related Requirements ID which 
records the requirements that are involved in each test case design except the target 
one, Start Time and End Time which are used to record the start and the end time of 
designing each test case, and a Test Case Specification form. The Test Case 
Specification was referenced from [19]. Each item included in the test case 
specification is explained as follows: 

 
• Identifier: each test case has a unique identifier. 
• Title: a name of each test case. 
• Purpose: a brief description of the purpose of each test case. 
• Environmental needs: hardware and software required to run the test case. 
• Pre-Requisites: pre conditions of each test case. 
• Input List: a list of the input required to execute the test case. 
• Testing Steps: describe step by step the different sub processes in the test case. 
• Expected Results: outputs expected from executing the test case relevant to pass 

or fail criteria. 
• Constraints: special constraints on test procedures that execute the test case. 
• Priority: the priority of each test case. Three values can be chose in this case, 

which are high, medium and low. 
• Related Test Case ID: list test cases ID that must be executed before this test case. 

 
Table 3 shows an example of a test case designed based on a requirements 

specification in the IEEE Std. 830 format, following the template above. By using such 
a template, the experimental data are all collected. The data for the variables Ni and Ti 
in Equation (1) can be collected by the items of Related Requirements ID, Start Time 
and End Time. The data for the variables TSiC  and TSiV in Equation (2) are collected by 

estimating the grade based on the content of the test case specification form and 
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according the estimate criteria in Table 3. And thus, the hypothesis of efficiency and 
effectiveness for two different treatments, i.e. IEEE Std.830 and RAM, can be tested 
with these collected data. 

 
Table 3. An example of test case design 

Target Requirement ID FR12 
Start Time 11: 10 am 
Test Case   N* 

Identifier TC_FR12 
Title Access to View Personal Profile Testing 
Purpose Test for ensuring the authorized user can view their personal 

profile. 
Environmental 

Needs 

PC or laptop with a standards-compliant web browser; Internet 
Access 

Pre-Requisites User can log into the system successfully. 
Input List Valid user id and password 
Testing Steps 1. User logs into the system successfully with the valid user id 

and password. 
Expected 

Results 

1. The system displays the user’s basic personal profile, 
including first name last name and social security number. 
2. The system displays two links of “Edit basic contents of the 
personal profile” and “Edit extra contents of personal profile”. 

Constraints None 
Priority ● High        ○ Medium        ○ Low 
Related Test 

Case ID 
TC_FR5 

 

Related Requirements ID FR3, FR5, FR6, FR10, FR11, FR14, FR15, UI1 
End Time 11:20 am 

 

3.4.5 Experiment design 
According to [13], some combination of the three general design principles, i.e. 

randomization, blocking and balancing, is used for most experiment designs. In this 
experiment, the selection of the subjects is by random selection of the available 
developers from two companies respectively, and the task with different treatments 
(IEEE Std. 830 and RAM) is also assigned randomly to the subjects in different groups. 
Moreover, regarding the group division, as presented in section 3.4.3, the background 
assessment showed that the subjects selected from the same company only have slight 
different experience so that the blacking principle can be ignore. Instead, we have a 
balanced design that each treatment (each group) has equal number of subjects. 

There are different experiment design types can be selected based on the number 
of factors and treatments. Wohlin et al [13] mention four frequently used experiment 
design types as follows: 

 
• One factor with two treatments 
• One factor with more than two treatments 
• Two factors with two treatments 
• More than two factors each with two treatments 

  
This study is a ‘One factor with two treatments’ experiment. The factor is the 

format of requirements specification and management while the treatments are IEEE 

*N: the number of test case designed for each requirement. If only one test case for the target 
requirement, N is equal to 1. If more than one test case could be designed, N should be numbered in 
sequence, i.e. 1, 2, 3, …, n (n >1). 
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Std. 830 format and RAM format. The ten subjects from one company are balanced 
assigned to two groups randomly, and perform the task of test case design based on ten 
given CMS requirements in the IEEE Std. 830 or RAM format. Table 4 shows the 
experiment design. 

 
Table 4. Experiment design 

 FRSIEEE FRSRAM 

Group1 
(5 subjects) 

X  

Group2 
(5 subjects) 

 X 

3.4.6 Data analysis and test 
According to the experiment design type, the analysis of the collected 

experimental data is made in two steps. In step one the collected data is evaluated by 
descriptive statistics and graphically illustrated by box-plot to analyze how the data are 
grouped. Typical measures of descriptive statistics are the mean value, standard 
deviation. Step two is for hypothesis testing. Wohlin et al [13] mention that the object 
of hypothesis testing is to figure out whether a center null hypothesis H0 can be 
rejected with a given significance level so that it is possible to draw conclusions of 
something about the outcome of the experiment. The collected data, first, has to be 
checked for normal distribution, and then select the appropriate statistical tests for 
hypotheses testing. Moreover, the p-value which indicates the statistical significance to 
reject a null hypothesis is set to 0.05 as usual so that the confidence interval should be 
at least 95%. The analysis is performed with SPSS5 software. 

There are several statistical tests for hypothesis testing, and the appropriate 
statistical tests should be selected based on their assumptions, power and the design 
type of the experiment [13]. Since the experiment design type we designed is a one 
factor with two treatments, according to [13], four tests can be selected, i.e. t-test, F-
test, Mann-Whitney and Chi-2.  

The t-test and F-test are parametric tests that they assume the distribution of the 
sampling data is normal. In SPSS software, an independent samples t-test is used to 
compare the means of a normally distributed interval dependent variable for two 
independent groups, and F-test is also performed for testing the equality of variances 
of two data sets when running the independent samples t-test. The Z-test [18] is also 
used to compare sample and population means to determine if there is a significant 
difference, but it is preferable when the sample size is greater than 30. Whereas, the t-
test is used for a small sample size which is less than 30. And thus the t-test is selected 
for normally distributed data in our study.  

The non-parametric Mann-Whitney test [18] is as one candidate test in this study, 
which is an alternative to the t-test based on ranks for the data with the non-normal 
distribution. Chi-2 test is not suitable for this study, because all Chi-2 tests are based 
on that data is in the form of frequencies [13]. 

3.5 Threats to Validity in Experimental Planning 
Based on the presentation of the experiment planning above, the validity of the 

experiment is evaluated in four perspectives as follows, i.e. conclusion validity, 
internal validity, construct validity and external validity [13]. 

 
• Conclusion validity: 

As our plan, the experiment is executed in two software companies in China 
separately. In this case, it is very important to keep the same standard of the 
experiment during the execution in two different occasions and with different subjects. 

                                                      
5 SPSS software from http://www.spss.com 
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Therefore, all the treatments, instruments and related material as well as the procedure 
of the experiment execution should be the same in order to reduce the threats. 

 
• Internal validity:  

Poorly designed data collected forms and other instruments will have a huge 
impact on the experiment results. To ensure the quality of the designed instrumentation, 
a pilot experiment was performed. Based on the results and feedback of the pilot 
experiment as well as the new context of the experiment, the instrumentation is refined. 
Moreover, maturation can be another threat. The pilot experiment shows that the 
subjects may be bored by reading too many pages of requirements specification during 
the experiment, especially in the case that they know nothing about the content of the 
experiment. To prevent this threat, we send the requirements specifications to the 
selected subjects two days before the day of the experiment execution in order to make 
them have enough time to learn the CMS system.  

 
• Construct validity:  

The experiment goal is well defined, and the selected variables should be able to 
correctly represent the effort construct as well as the treatments designed. The possible 
threat may be evaluation apprehension. In order to reduce this threat, the subjects are 
informed that their performance on this study would be not included in their work 
performance assessment. 

 
• External validity:  

The mainly considered threat to external validity is the limitation of generalizing 
the experiment results. This experiment is operated with twenty developers in industry, 
but because they are from two different companies, i.e. ten developers are selected 
from Company A and ten are from Company B, the experiment should be executed 
separately. So that only ten subjects (five in each group) participate in the experiment 
in each company. Therefore, this could be the most crucial threat to external validity. 
A combinatory analysis, which is based on larger data sets by the combination of the 
experimental data collected from different companies, is performed for limiting this 
threat. 

3.6 Operation of the Final Experiment 
Before executing the final experiment, all the instruments were prepared, and the 

subjects were chosen (see section 3.4.3 and section 3.4.4). A questionnaire on 
background assessment was handed out to each selected subject three days before the 
execution, and after the subjects answered the questions the questionnaire was returned 
in the same day. We made the group division based on the background assessment. 
Thereafter, according to the group division, the original CMS requirements 
specifications in different formats were handed out to the subjects two days before the 
experiment execution, and the ten testing CMS requirements document was handed 
out on the day of the execution. The subjects were informed by their Project Manager 
that they should read the document they got in order to learn the requirements of the 
CMS system, and can not exchange and discuss the document with others. Moreover, 
the document should be brought with when the subjects attending the experiment 
execution.  

As presented in section 3.2, the experiment has to be executed in two different 
companies separately. But the procedure of the experiment execution in different 
companies is the same that it consists of two sessions, i.e. the education session and 
the task session. In the education session, the contents of the presentation for two 
groups are different, e.g. the knowledge of RAM and how to elicit information from 
RAM requirements to design test cases is only presented in the RAM group, not in the 
IEEE group. According to the timetable we discussed with the Project Managers in 
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two companies respectively, the experiment was executed in China, first, on 11th of 
December in 2008 in Company A, and then on 20th of December in Company B. 

In Company A, the experiment was conducted between 16:30 – 19:35. The 
subjects in two groups sit in two meeting rooms separately.  The experiment started at 
16: 30 with Group 1 (IEEE group). A document with ten CMS requirements in the 
IEEE Std. 830 format was handed out to each subject as well as a manual form of the 
template of test case design (see section 3.4.4). The education session was conducted 
first. A presentation was performed for the subjects with an introduction to the 
knowledge of requirements engineering, software testing, the CMS system and how to 
read the CMS requirements specification in the IEEE Std.830 format, as well as the 
explanation of their task in the following session that how to design test cases for the 
ten given CMS requirements by following the given manual form.  In the end of this 
session, the subjects were informed that they are not allowed to make discussion when 
they perform their task. The education session took approximate 30 minutes. 
Subsequently the task session was started without a break. In the task session, between 
17:00 -19:00 the subjects in group 1 (IEEE group) performed the task of test case 
design based on the ten given CMS requirements and the original CMS requirements 
specification in the IEEE Std. 830 format as a complement.  When the subjects 
finished their task, they returned all the material they got, including the CMS 
requirements specification documents and the manual form. The experiment with the 
subjects in group 2 (RAM group) started 5minutes later when the education session of 
the experiment in group 1 was finished, i.e. the experiment with the subjects in group 2 
began at 17: 05. As the same procedure performed in group 1, first, an education 
session was conducted within approximate 30 minutes, and then the task session 
started that the subjects designed test cases for ten given CMS requirements in the 
RAM format. This session finished at 19:35. The whole experiment execution in 
Company A is summarized in Figure 3, including times and sessions. 

 

  
Figure 3. Overview of the experiment execution in Company A 

 
In Company B, the experiment was conducted between 08:30 – 11:35, and the 

subjects in two groups also sit in two meeting rooms separately. The whole procedure 
of the experiment execution is as same as the one operated in Company A. Figure 4 
shows the overview of the experiment execution in Company B. 
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Figure 4. Overview of the experiment execution in Company B 

3.7 Summary 
Based on the refinement of the initial experiment planning, we conduct a final 

experiment which is defined as follow: 
 
Analyze RAM and IEEE Std. 830 
for the purpose of evaluation 
with respect to efficiency and effectiveness 
from the point of view of the researcher 
in the context of developers in industry designing test cases based on the 

requirements specifications in two different formats. 
 
According to the definition, some variables are selected to achieve the experiment 

goal. The format of the requirements specification is the only independent variable 
(factor) which has two values (treatments), i.e. IEEE Std. 830 and RAM. It affects the 
dependent variables including direct and indirect measures. The direct measures are 
time spent on test case design for each requirement, the number of related 
requirements used to specify test cases for testing each requirement, the coverage of 
the tested requirement as well as the validity for the test suit execution. The indirect 
measures are efficiency and effectiveness calculated based on the four direct measures. 

The null hypothesis and alternative hypothesis are formulated for evaluating the 
direct measures, i.e. efficiency and effectiveness. 

The final experiment is operated separately in two software companies settled in 
Qingdao Software Park, China. Twenty subjects are selected randomly from the 
available developers in two companies (ten developers from each company). Based on 
the background assessment, the subjects from the same company have similar 
experience with slight differences.  

The instruments for an experiment include the original CMS requirements 
specification and ten CMS function requirements selected for the task of test case 
design, guidelines for subjects to understand the background knowledge of this study 
as well as how to perform in the experiment execution, and a manual form conducted 
as a template that the subjects have to follow it to record their work. The data are 
collected to analyze for testing the hypothesis and resulting in conclusions. 

The experiment is of type balanced one factor (the format of the requirement 
specification) with two treatments (IEEE Std. 830 and RAM) study. In one company 
the ten subjects are balanced assigned to two groups randomly. The subjects in 
different groups have different treatments.  
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The experiment is operated in two companies separately in different days. The 
procedures of the experiment execution in two companies are the same, i.e. they both 
consist of an education session and a task session. In the education session, an 
introduction to the experiment as well as a training of the task is provided with 
different contents according to the group division. And then, the subjects read the 
CMS requirements specification and design test cases for ten given CMS requirements. 
The subjects in different groups perform their work in different rooms. When they 
finish the task, all the material they got is returned. 

So far, the planning and operation of the experiment is completed, and the 
experimental data is collected according to the plan. The analysis of the collected 
experimental data and the results to the study are presented in the next chapter. 
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4 RESEARCH RESULTS 
 

This chapter presents the analysis of the collected data and the results of this study 
based on the data analysis. Thereafter, a discussion is provided to summarize the 
statistical evaluation of the collected data and interpret the results of this study. 

4.1 Analysis of the direct measurement 
In the section above, the collected data is evaluated by descriptive statistics, and 

the hypotheses on efficiency and effectiveness are tested as well. This section provides 
analysis and discussion in order to interpret the results. 

4.1.1 For efficiency 
As the definition of the indirect measurement, we evaluate efficiency by two direct 

measurements, i.e. time spend on testing each requirement (Ti) and the number of 
related requirements (Ni). And thus, the efficiency is interpreted in two aspects 
according to research questions presented in section 1.2. 

 
• Q1: Does it cost less time or not when using RAM requirements for test case 

design than using the requirements specified in the IEEE Std. 830 format? 
 
In both Company A and Company B, the raw data of direct measurement Ti (see 

Appendix I) shows that the subjects in both two groups spent more time at the 
beginning of the test case design, and then time costs less. It is normal that although 
the subjects got and read the requirements specification before the experiment, they 
need some time to familiar with the manual form that is first handed out during the 
experiment. It is not a problem as long as they understand and familiar with how to 
follow the manual form to design test cases as well as documenting them.  

In Company A, by the calculation of the raw data of direct measurement Ti, the 
max value of Ti in group one (FRSIEEE) is 83 minutes and the min value is 50 minutes. 
While the max value of Ti in group two (FRSRAM) is 94 minutes and the min value is 62 
minutes. The average time cost of the two groups is that group one (FRSIEEE) spent 68 
minutes on the task of test case design, while group two (FRSRAM) spent 72.2 minutes. 
It seems using requirements specified in the IEEE Std. 830 format for test case design 
costs less time, but the advantage in this case is not much. While, in Company B, the 
max value of Ti in group one (FRSIEEE) is 71 minutes and the min value is 58 minutes. 
While the max value of Ti in group two (FRSRAM) is 92 minutes and the min value is 85 
minutes, and the average values of Ti of the two groups are 64.8 minutes and 89.2 
minutes respectively. It results in the same conclusion that using requirements 
specified in the IEEE Std. 830 format for test case design costs less time and the 
different in this case is more obvious than in Company A. If consider the time of the 
experiment execution, i.e. the experiment in Company A was scheduled after the work 
hours, around 16:30 to 19: 35, while the experiment in Company B was operated in the 
morning around 8:30 to 11:35, this may affect the subjects’ motivation on the task of 
test case design. Anyway, the experiment data collected from the two companies 
shows that using requirements specified in the IEEE Std. 830 format for test case 
design costs less time than using RAM requirements. 

 
• Q2: Whether or not using RAM requirements to design test case involve fewer 

numbers of other related requirements for eliciting information than using the 
requirements specified in the IEEE Std. 830 format? 

 
In Company A, by the calculation of the raw data of the direct measurements Ni 

(see Appendix I), the max number of Ni in group one (FRSIEEE) is 35 and the min 
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number is 28, while in group two (FRSRAM) the max number of Ni  is 5 and the min 
number is 1. The average numbers of Ni in the two groups are 30.8 and 2.2.  In 
Company B, the max number of Ni  in group one (FRSIEEE) is 47 and the min number 
is 27, while in group (FRSRAM) the max number of Ni  is 6 and the min number is 2. 
The average numbers of Ni in the two groups are 35.2 and 3.6. In both companies, it 
results in that using RAM requirements to design test case involve fewer numbers of 
other related requirements for eliciting information than using the requirements 
specified in the IEEE Std. 830 format. This is because that the requirements handled 
by RAM are in a hierarchical structure based on the abstraction nature of the 
requirements, i.e. the subjects who design test cases based on RAM requirements read 
a requirements chain with requirements in different abstraction levels instead of a 
single requirements specification in IEEE Std. 830 format. This enhances the 
understanding on the requirements to be tested and provides more information to the 
subjects for test case design and documentation, therefore less numbers of other related 
requirements are used to test each requirement. 

4.1.2 For effectiveness 
The indirect measurement of effectiveness in this study is also defined in two 

direct measures, i.e. the coverage of each requirements TSiC  and the validity for the 

execution TSiV . The analysis on effectiveness according to the research questions Q4 

and Q5 is as follows. 
 

• Q4: Whether or not the test suit for each requirement designed with RAM 
requirements have a better coverage than those designed with the requirements 
specified in the IEEE Std. 830 format? 
 
In Company A, the max value of TSiC  in group one (FRSIEEE) is 1.3 and the min 

value is 1. While, the max value of TSiC  in group two (FRSRAM) is 1.13 and the min 

value is 1. The average values of TSiC  in the two groups are 1.1 and 1.18 respectively. 

According to the criteria of quality estimation defined in section 3.4.1, the subjects 
considered and cover the normal situations of the tested requirement but rarely take 
abnormal situations into account. In Company B, the data shows the same the results 
that, the average value of TSiC  in the two groups are 1.16 and 1.24 respectively, the 

max value of TSiC  is 1.7 in group two (FRSRAM) and the min value is 1 in both two 

groups. Regarding Q4, there is no significant different between RAM and IEEE Std. 
830 with respect to the coverage aspects of test suits for the requirements. 

 
• Q5: Whether or not the test suit for each requirements designed with RAM 

requirements are more valid for the execution than those designed with the 
requirements specified in the IEEE Std. 830 format? 
 
In Company A, the max value of TSiV  in group one (FRSIEEE) is 2.2 and the min 

value is 1.7. While, the max value of TSiV  in group two (FRSRAM) is 2.2 and the min 

value is 1.8. The average values of TSiV  in the two groups are 1.96 and 2.0 respectively. 

On the other hand, in Company B, the value of TSiV  are slight greater that the average 

values of TSiV  in the two groups of Company A are 2.32 and 2.26 respectively. The 

max value and the min value are 3 and 1.6 both in group two (FRSRAM). According to 
the criteria of quality estimation for each test suit defined in section 3.4.1, the subjects 
can follow the manual form for designing and specifying the test suit, but limit in the 
basic information from the target requirement and related requirements, including 
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rational purposes, necessary inputs, complete testing steps and clear expected results. 
Regarding Q5, the data shows that there are no significant different between RAM and 
IEEE Std. 830 with respect to the validity aspects of test suits for the requirements. 

The average grades of TSiV in both two groups and in both two companies are 

lower than 1.5 which is the average grade of the criteria, while the average grades of 
TSiC  in Company B is slight greater than which in Company A and greater than the 

average grade of the criteria of TSiC (the average grade = 2). To consider the grades for 

both two aspects of test suits quality, the test suits design by all the subjects seems not 
in high quality. One rational explanation can be the limitation of the knowledge in 
software testing according to the results of background assessment (see section 3.4.3).  
Since in this experiment, there is no feedback session after the experiment execution 
because of the limited time the subjects could offer to the experiment, we can not 
estimate the subjects’ opinions on the experiment process. But according to the 
observation of the subjects’ performance during the task session, some of them may be 
not interested in the experiment because of the limited relations to their own work, 
which results in little motivation they have when performing in the experiment. 

4.2 Hypotheses testing 
This section presents the analysis of the collected data and hypotheses testing as 

well. As presented in Chapter 3, the experiment is operated in two companies 
separately, so that the data collected from each company is analyzed separately but in 
the same analysis process. 

First, the collected data is statistically evaluated by descriptive statistics and 
graphically illustrated by box-plot. And then, the hypotheses are tested through the t-
test since the data is normally distributed. 

4.2.1 Hypotheses testing in Company A 

4.2.1.1 Efficiency 

Based on the collected data including the time spent on test case design and the 
number of related requirements used to specify test cases for testing each requirement, 
the efficiency of two treatments (IEEE Std. 830 and RAM) is calculated by Equation 
(1). Table 5 shows the data of efficiency of two treatments, and the descriptive 
statistics is provided in Table 6, including the mean, standard deviation, skewness and 
kurtosis for two treatments.  

 
Table 5. The data of efficiency of two treatments in Company A 

FRS Subject Efficiency 

1 21.8421 
2 17.1111 
3 13.3333 
4 19.5000 

FRSIEEE 

5 11.9048 
1 55.3846 
2 56.3636 
3 58.1818 
4 62.7272 

FRSRAM 

5 62.6667 
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Table 6. Descriptive statistics for efficiency of two treatments in Company A 

Descriptive Statistics 
 

Mean 
Std. 

deviation 
Skewness Kurtosis 

FRSIEEE  16.7383 4.14643 0.10 -2.008 

FRSRAM 59.0648 3.46435 0.257 -2.919 

 
The results show that the efficiency of using RAM requirements specification for 

test case design is more than double the efficiency of using the requirements 
specification in IEEE Std. 830 format. This is further confirmed by the boxplots in 
Figure 5.  

 

 
Figure 5. Boxplots for efficiency of two treatments in Company A 

 
Moreover, to check normalization prior to the application of an appropriate 

statistical test, normality tests are performed on the collected data in Table 5, and the 
results are shown in Table 7. It can be seen that the significance values of the 
efficiency of two treatments are the same, and do not differ significantly from the 
normal distribution (Significance = 0.200 > 0.05). Based on this result, the t-test is 
applied for hypothesis testing of efficiency. Figure 6 shows the results of t-test on the 
efficiency of two treatments by SPSS software. 

 
Table 7. Normality tests for efficiency of the two treatments in Company A 

Kolmogorov-Smirnov Shapiro-Wilk 
FRS 

Statistic Sig. Statistic Sig. 

FRSIEEE 0.194 0.200 0.952 0.754 
FRSRAM 0.251 0.200 0.854 0.206 
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Figure 6. The results of t-test on efficiency of two treatments in Company A 

 
In Figure 6 we can see that the significance value of Levene’s test for equality of 

variances (0.709) is greater than 0.05. According to SPSS software, it means that it 
assumes the variances of the two samples are equal, so that use the results that assume 
equal variances for both treatments. Moreover, the significance value (0.000) for the 
test is less than 0.05, which indicates that there is a significant difference between the 
means of the two treatments.  

Based on the analysis of the collected data of efficiency in Company A, the null 
hypothesis H0 Efficiency is rejected as well as the alternative hypothesis Ha2 Efficiency, and 
Ha1 Efficiency is confirmed, i.e. using the requirements in RAM format for test case design 
is more efficient than using the requirements in IEEE Std. 830 format. 

4.2.1.2 Effectiveness 

Table 8 shows the data of effectiveness of two treatments calculated by Equation 
(2), and Table 9 shows the descriptive statistics on the data. The results show that there 
is no significant difference between using RAM requirements to design test cases and 
using the requirements specified in IEEE Std. 830 format. This is further confirmed by 
the boxplots in Figure 7. 

 
Table 8. The data of effectiveness of two treatments in Company A 

FRS Subject Effectiveness 

1 1.75 
2 1.60 
3 1.35 
4 1.45 

FRSIEEE 

5 1.50 
1 1.50 
2 1.55 
3 1.55 
4 1.70 

FRSRAM 

5 1.65 
 

Table 9. Descriptive statistics for effectiveness of two treatments in Company 
A 

Descriptive Statistics 
 

Mean 
Std. 

deviation 
Skewness Kurtosis 

FRSIEEE  1.5300 0.15248 0.543 -0.003 

FRSRAM 1.5900 0.08216 0.518 -1.687 
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Figure 7. Boxplots for effectiveness of two treatments in Company A 

 
Normality tests are performed on the collected data in Table 8, and the results are 

shown in Table 10. It can be seen that the significance values of the efficiency of two 
treatments are the same, and do not differ significantly from the normal distribution 
(Significance = 0.200 > 0.05). Based on this result, the t-test is applied for hypothesis 
testing of effectiveness. Figure 6 shows the results of t-test on the effectiveness of the 
two treatments by SPSS software. 

 
Table 10. Normality tests for effectiveness of two treatments in Company A 

Kolmogorov-Smirnov Shapiro-Wilk 
FRS 

Statistic Sig. Statistic Sig. 

FRSIEEE 0.178 0.200 0.981 0.940 
FRSRAM 0.287 0.200 0.914 0.490 

 

 
Figure 8. The results of t-test on effectiveness of two treatments in Company A 

 
We can see that in Figure 8 the significance value of Levene’s test for equality of 

variances (0.247) is greater than 0.05. According to SPSS software, it means that it 
assumes the variances of the two samples are equal, so that use the results that assume 
equal variances for both treatments. The significance value (0.461) for the test is 
greater than 0.05, which indicates that there is no significant difference between the 
means of the two treatments. In this case, the null hypothesis H0 Effectiveness can not be 
rejected obviously, and the alternative hypotheses Ha1 Effectiveness and Ha2 Effectiveness can 
not be supported by the results either. 
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4.2.2 Hypotheses testing in Company B 

4.2.2.1 Efficiency 

Based on the collected data in Company B, the efficiency of two treatments is 
calculated by Equation (1). Table 11 shows the data of efficiency of two treatments, 
and the descriptive statistics is provided in Table 12. We can see that as the results 
presented in Table 12, the efficiency of RAM for test case design is more than double 
the efficiency of IEEE Std. 830. This is further confirmed by the boxplots in Figure 9. 

 
Table 11. The data of efficiency of two treatments in Company B 

FRS Subject Efficiency 

1 12.6531 
2 11.9298 
3 19.1892 
4 15.6757 

FRSIEEE 

5 14.1304 
1 62.8571 
2 69.2308 
3 53.1250 
4 70.0000 

FRSRAM 

5 76.6667 
 
 

Table 12. Descriptive statistics for efficiency of two treatments in Company B 

Descriptive Statistics 
 

Mean 
Std. 

deviation 
Skewness Kurtosis 

FRSIEEE  14.7156 2.88495 1.038 0.658 

FRSRAM 66.3759 8.87626 -0.721 0.546 

 

 
Figure 9. Boxplots for efficiency of two treatments in Company B 
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Table 13 shows the results of normality tests on the collected data in Table 11. It 
can be seen that the significance values of the efficiency of two treatments are the 
same, and do not differ significantly from the normal distribution (Significance = 
0.200 > 0.05). Therefore, the t-test is applied for hypothesis testing of efficiency. 
Figure 10 shows the results of t-test on the efficiency of two treatments by SPSS 
software. 
 

Table 13. Normality tests for efficiency of the two treatments in Company B 
Kolmogorov-Smirnov Shapiro-Wilk 

FRS 
Statistic Sig. Statistic Sig. 

FRSIEEE 0.180 0.200 0.927 0.574 
FRSRAM 0.226 0.200 0.957 0.790 

 

 
Figure 10. The results of t-test on efficiency of the two treatments in Company B 

 
It is can be seen that in Figure 8 the significance value of Levene’s test for equality 

of variances (0.077) is greater than 0.05. According to SPSS software, we should use 
the results that assume equal variances for both treatments. Moreover, the significance 
value (0.000) for the test is less than 0.05, which indicates that there is a significant 
difference between the means of the two treatments.  

Based on the analysis of the collected data of efficiency in Company B, the null 
hypothesis H0 Efficiency is rejected as well as the alternative hypothesis Ha2 Efficiency, and 
Ha1 Efficiency is confirmed, i.e. using the requirements in RAM format for test case design 
is more efficient than using the requirements in IEEE Std. 830 format. 

4.2.2.2 Effectiveness 

Table 14 shows the data of effectiveness of two treatments calculated by Equation 
(2), and Table 15 shows the descriptive statistics on the data. The results show that 
there is no significant difference between using RAM requirements to design test cases 
and using the requirements specified in IEEE Std. 830 format. This is further 
confirmed by the boxplots in Figure 11. 

 
Table 14. The data of effectiveness of two treatments in Company B 

FRS Subject Effectiveness 

1 1.95 
2 1.75 
3 1.45 
4 1.65 

FRSIEEE 

5 1.90 
1 1.70 
2 1.35 
3 2.05 
4 2.1 

FRSRAM 

5 1.55 
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Table 15. Descriptive statistics for effectiveness of two treatments in Company 
B 

Descriptive Statistics 
 

Mean 
Std. 

deviation 
Skewness Kurtosis 

FRSIEEE 1.7400 0.20125 -0.601 -0.578 

FRSRAM 1.7500 0.32210 -0.028 -2.157 

 

 
Figure 11. Boxplots for effectiveness of two treatments in Company B 

 
Normality tests are performed on the collected data in Table 14, and the results are 

shown in Table 16. It can be seen that the significance values of the efficiency of two 
treatments are the same, and do not differ significantly from the normal distribution 
(Significance = 0.200 > 0.05). Based on this result, the t-test is applied for hypothesis 
testing of effectiveness, and the results are presented in Figure 12. 

 
Table 16. Normality tests for effectiveness of two treatments in Company B 

Kolmogorov-Smirnov Shapiro-Wilk 
FRS 

Statistic Sig. Statistic Sig. 

FRSIEEE 0.187 0.200 0.952 0.750 
FRSRAM 0.224 0.200 0.924 0.554 

 

 
Figure 12. The results of t-test on effectiveness of two treatments in Company B 
 
In Figure 10, it is can be seen that the significance value of Levene’s test for 

equality of variances (0.207) is greater than 0.05, and thus the results that assume 
equal variances for both treatments are used according to SPSS software. The 
significance value (0.954) for the test is greater than 0.05, which indicates that there is 
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no significant difference between the means of the two treatments. In this case, the null 
hypothesis H0 Effectiveness can not be rejected obviously, and the alternative hypotheses 
Ha1 Effectiveness and Ha2 Effectiveness can not be supported by the results either. 

4.3 Combinatory analysis 
In this section, we perform a combinatory analysis with a purpose of confirming 

the results on hypotheses testing in section 4.2. As presented in Chapter 3, the 
experiment was executed in two different companies separately, and thus the 
experimental data collected from different companies can not be analyzed together 
directly due to the effects on the collected data by different environments of the 
experiment execution. Therefore, before we perform the combinatory analysis, the 
collected data should be transformed in order to make the data collected from different 
companies comparable. 

Although the experiments in two companies were executed through the same 
procedure, varies factors of different experimental environment can affect the subjects, 
and finally affect the experimental data, e.g. the background of different companies, 
the time of the experiment execution, and even the temperature  of the air-condition. 
But most of these effects can not be measured in the interval scale to evaluate how 
they affect the subjects, and thus these factors can not be embodied in the experimental 
data independently. Therefore, instead of finding and measuring these factors by 
causality, the effects on the collected data by different experimental environment can 
be embodied comprehensively as the differences between e.g. the experimental data on 
efficiency of RAM collected from Company A and Company B separately. In this case, 
we estimate such differences in order to transform the collected data based on a 
quantitative relation. In particular, instead of estimate the differences between each 
single data collected from different companies, we compare the mean values of the 
different data sets. One example of data transformation is as follows. 

The data transformation of a data set X in Company A and Y in Company B 
follows three steps blew: 
1) Compare mean values of X and Y by calculating the absolute value of their 

difference. 

XY X YAbsDiff Mean - Mean=                                                                            (3) 

2) Calculate what the percentage of X and Y the absolute value is respectively. 
XY

X

X
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Y

AbsDiff
P

Mean
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P
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=

=

       (4) 

3) Transform each data in the data set X and Y based on the percentage calculated in 
step 2, and thus new data sets X' andY' are obtained. 
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                            (6) 

As the results on the data transformation, the effects on the original collected data 
by different companies are limited. Therefore, the new data set X' can be compared 
with Y directly, and the new data setY' can be compared with X as well. There are two 
transformations can be performed in this study, i.e. the transformation on the 
experimental data collected from Company B to Company A (Tran1), and the 
transformation from Company A to Company B (Tran2). 
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4.3.1 Data transformation type one 

4.3.1.1 Data transformation on efficiency  

The data on efficiency collected from Company B is transformed in order to 
compare directly with the data on efficiency collected from Company A. Table 17 and 
Table 18 show the new data sets obtained after the transformation respectively, which 
are calculated by Equation (3), Equation (4) and Equation (6). 
 

Table 17. New data set FRSIEEE_CBCA on efficiency 

  FRSIEEE_CA FRSIEEE_CB 

Mean 16.7383 14.7156 
Percentage 12.09% 13.75% 

Subject FRSIEEE_CBCA FRSIEEE_CB 

1 14.3904 12.6531 
2 13.5678 11.9298 
3 21.8239 19.1892 
4 17.8280 15.6757 
5 16.0706 14.1304 

 
Table 18. New data set FRSRAM_CBCA on efficiency 

  FRSRAM_CA FRSRAM_CB 

Mean 59.0648 66.3759 
Percentage 12.38% 11.01% 

Subject FRSRAM_CBCA FRSRAM_CB 

1 55.9012 62.8571 
2 61.5696 69.2308 
3 47.2461 53.1250 
4 62.2536 70.0000 
5 68.1826 76.6667 

4.3.1.2 Data transformation on effectiveness 

Table 19 and Table 20 show the new data sets on effectiveness obtained after the 
transformation respectively, which are also calculated by Equation (3), Equation (4) 
and Equation (6). 
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Table 19. New data set FRSIEEE_CBCA on effectiveness 

 FRSIEEE_CA FRSIEEE_CB 

Mean 1.5300 1.7400 
Percentage 13.73% 12.07% 

Subject FRSIEEE_CBCA FRSIEEE_CB 

1 1.7142 1.9500 
2 1.5384 1.7500 
3 1.2747 1.4500 
4 1.4505 1.6500 
5 1.6703 1.9000 

 
Table 20. New data set FRSRAM_CBCA on effectiveness 

  FRSRAM_CA FRSRAM_CB 

Mean 1.5900 1.7500 
Percentage 10.06% 9.14% 

Subject FRSRAM_CBCA FRSRAM_CB 

1 1.8711 1.7000 
2 1.4859 1.3500 
3 2.2563 2.0500 
4 2.3114 2.1000 
5 1.7060 1.5500 

4.3.2 Data transformation type two 

4.3.2.1 Data transformation on efficiency  

In data transformation type two, the data on efficiency collected from Company A 
is transformed in order to compare directly with the data on efficiency collected from 
Company B. Table 21 and Table 22 show the new data sets obtained after the 
transformation respectively, which are calculated by Equation (3), Equation (4) and 
Equation (5). 

 
Table 21. New data set FRSIEEE_CACB on efficiency 

  FRSIEEE_CA FRSIEEE_CB 

Mean 16.7383 14.7156 
Percentage 12.09% 13.75% 

Subject FRSIEEE_CA FRSIEEE_CACB 

1 21.8421 19.2052 

2 17.1111 15.0453 

3 13.3333 11.7236 

4 19.500 17.1458 

5 11.9048 10.4676 
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Table 22. New data set FRSRAM_CACB on efficiency 

  FRSRAM_CA FRSRAM_CB 

Mean 59.0648 66.3759 
Percentage 12.38% 11.01% 

Subject FRSRAM_CA FRSRAM_CACB 

1 55.3846 62.2762 

2 56.3636 63.3771 

3 58.1818 65.4215 

4 62.7272 70.5325 

5 62.6667 70.4645 

4.3.2.2 Data transformation on effectiveness 

Table 23 and Table 24 show the new data sets on effectiveness obtained after the 
transformation respectively, which are calculated by Equation (3), Equation (4) and 
Equation (5). 
 

Table 23. New data set FRSIEEE_CBCA on effectiveness 

  FRSIEEE_CA FRSIEEE_CB 

Mean 1.5300 1.7400 
Percentage 13.73% 12.07% 

Subject FRSIEEE_CA FRSIEEE_CACB 

1 1.7500 1.7967 

2 1.6000 1.6427 

3 1.3500 1.3861 

4 1.4500 1.4887 

5 1.5000 1.5401 

 
Table 24. New data set FRSRAM_CBCA on effectiveness 

  FRSRAM_CA FRSRAM_CB 

Mean 1.5900 1.7500 
Percentage 10.06% 9.14% 

Subject FRSRAM_CA FRSRAM_CACB 

1 1.5000 1.6510 

2 1.5500 1.7060 

3 1.5500 1.7060 

4 1.7000 1.8711 

5 1.6500 1.8161 

4.3.3 Combinatory analysis on efficiency based on Tran1 
Based on Tran1 presented in section 4.3.1, new data sets on efficiency are obtained 

regardless the effect by different companies. Table 25 shows the new data sets used for 
the combinatory analysis on efficiency based on Tran1. 
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Table 25. New data sets on efficiency based on Tran1 
FRS Subject Efficiency 

1 21.8421 

2 17.1111 

3 13.3333 

4 19.500 

5 11.9048 

6 14.3904 

7 13.5678 

8 21.8239 

9 17.8280 

FRSIEEE_CA+CBCA 

10 16.0706 

1 55.3846 

2 56.3636 

3 58.1818 

4 62.7272 

5 62.6667 

6 55.9012 

7 61.5696 

8 47.2461 

9 62.2536 

FRSRAM_CA+CBCA 

10 68.1826 

 
By following the same analysis process as presented in section 3.4.6, the results 

show that there is a significant difference between the means of the two data sets. 
Therefore, the null hypothesis H0 Efficiency is rejected as well as the alternative 
hypothesis Ha2 Efficiency, and Ha1 Efficiency is accepted, i.e. using the requirements in RAM 
format for test case design is more efficient than using the requirements in IEEE Std. 
830 format. Appendix III provides the results of each analysis process illustrated by 
tables and figures. 

4.3.4 Combinatory analysis on effectiveness based on Tran1 
Based on Tran1 presented in section 4.3.1, new data sets on effectiveness are 

obtained regardless the effect by different companies. Table 26 shows the data sets on 
effectiveness based on Tran1. 
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Table 26. New data sets on effectiveness based on Tran1 

FRS Subject Efficiency 

1 1.7500 

2 1.6000 

3 1.3500 

4 1.4500 

5 1.5000 

6 1.7142 

7 1.5384 

8 1.2747 

9 1.4505 

FRSIEEE_CA+CBCA 

10 1.6703 

1 1.5000 

2 1.5500 

3 1.5500 

4 1.7000 

5 1.6500 

6 1.8711 

7 1.4859 

8 2.2563 

9 2.3114 

FRSRAM_CA+CBCA 

10 1.7060 

 
By following the same analysis process as presented in section 3.4.6, the results 

show there is no significant difference between the means of the two data sets. In this 
case, the null hypothesis H0 Effectiveness can not be rejected obviously, and the alternative 
hypotheses Ha1 Effectiveness and Ha2 Effectiveness can not be supported by the results either. I.e. 
there is no significant difference between using RAM requirements and using 
requirements in IEEE Std. 830 format for test case design. Appendix III provides the 
results of each analysis process illustrated by tables and figures. 

In addition, the statistic test for hypothesis testing in this analysis is different from 
form analysis. Mann-Whitney U test is implemented instead of t-test, because the 
distribution of the data set FRSRAM_CA+CBCA is a non-normal distribution. 
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4.3.5 Combinatory analysis on efficiency based on Tran2 
Table 27 shows the new data sets on efficiency based on Tran2. By following the 

same analysis process as presented in section 3.4.6, the results show that there is a 
significant difference between the means of the two data sets. Therefore, the null 
hypothesis H0 Efficiency is rejected as well as the alternative hypothesis Ha2 Efficiency, and 
Ha1 Efficiency is confirmed, i.e. using the requirements in RAM format for test case design 
is more efficient than using the requirements in IEEE Std. 830 format. Appendix III 
provides the results of each analysis process illustrated by tables and figures. 
 

Table 27. New data sets on efficiency based on Tran2 
FRS Subject Efficiency 

1 19.2052 

2 15.0453 

3 11.7236 

4 17.1458 

5 10.4676 

6 12.6531 

7 11.9298 

8 19.1892 

9 15.6757 

FRSIEEE_CB+CACB 

10 14.1304 

1 62.2762 

2 63.3771 

3 65.4215 

4 70.5325 

5 70.4645 

6 62.8571 

7 69.2308 

8 53.1250 

9 70.0000 

FRSRAM_CB+CACB 

10 76.6667 
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4.3.6 Combinatory analysis on effectiveness based on Tran2 
Table 28 shows the new data sets on effectiveness based on Tran2. By following 

the same analysis process as presented in section 3.4.6, the results show there is no 
significant difference between the means of the two data sets. In this case, the null 
hypothesis H0 Effectiveness can not be rejected obviously, and the alternative hypotheses 
Ha1 Effectiveness and Ha2 Effectiveness can not be supported by the results either. I.e. there is no 
significant difference between using RAM requirements and using requirements in 
IEEE Std. 830 format for test case design. Appendix III provides the results of each 
analysis process illustrated by tables and figures. 
 

Table 28. New data sets on effectiveness based on Tran2 in CATB 
FRS Subject Efficiency 

1 1.7967 

2 1.6427 

3 1.3861 

4 1.4887 

5 1.5401 

6 1.9500 

7 1.7500 

8 1.4500 

9 1.6500 

FRSIEEE_CB+CACB 

10 1.9000 

1 1.6510 

2 1.7060 

3 1.7060 

4 1.8711 

5 1.8161 

6 1.7000 

7 1.3500 

8 2.0500 

9 2.1000 

FRSRAM_CB+CACB 

10 1.5500 

4.4 Summary 
This chapter presents the results of the experiment in form of descriptive statistics 

and hypotheses tests. We analyze the experimental data collected from different 
companies separately first, and then perform a combinatory analysis which is based on 
the new larger data sets obtained by combining the data from different companies. All 
the results on different analysis show that there is no significant difference between 
using RAM requirements and using requirements in IEEE Std. 830 format for test case 
design, but using the requirements in RAM format for test case design is more efficient 
than using the requirements in IEEE Std. 830 format. Based on the results presented in 
this chapter, the conclusions and some further work are presented in the next chapter. 
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5 CONCLUSIONS AND FURTHER WORK 
 
This chapter presents the main conclusions, i.e. the answers to the research 

questions. Moreover, some further research work is considered regarding the study. 

5.1 Conclusions 
This thesis presents a controlled experiment which was conducted in order to 

evaluate the suitability of RAM for test case design with respect in efficiency and 
effectiveness by the comparison with IEEE Std.  830. In order to achieve this goal, the 
experiment was refined based on a former initial planning as well as taking the new 
context of the experiment execution into account. The final experiment was operated 
in two software companies in China separately, and twenty developers (ten from each 
company) were selected as the subjects and participated in the experiment. The 
experimental data was successfully collected in two companies after the experiment 
execution. And then, the statistical analysis and hypotheses testing were performed on 
the collected data. 

The results from the statistical analysis and hypotheses testing show that, for the 
efficiency evaluation, the null hypothesis H0 Efficiency and one alternative hypothesis Ha2 

Efficiency are rejected, but the other alternative hypothesis Ha1 Efficiency is supported, i.e. 
using RAM requirements for test case design is more efficient than using the 
requirements specified in IEEE Std. 830 format. On other hand, for the effectiveness 
evaluation, the results show that the null hypothesis H0 Effectiveness can not be rejected 
obviously, and the two alternative hypotheses Ha1 Effectiveness and Ha2 Efficiency are not 
supported either. It means there is no significant difference in term of effectiveness by 
using the requirements in RAM format and IEEE Std. 830 format for test case design.  

As presented above, RAM is as similar effective as IEEE Std. 830 for test case 
design, but RAM is more efficient for test case design than IEEE Std. 830. Regarding 
the direct measurement Ti for efficiency, the collected data show that both in the two 
companies the FRSRAM group spent more time on test case design that the FRSIEEE 

group. This may because the subject in the FRSRAM group did not understand RAM and 
how to use RAM requirements for test case design, so they spent more time on the task. 
On the other hand, regarding the direct measurement Ni for efficiency, the collected 
data show that both in the two companies the subject in the FRSIEEE group need to refer 
to greater number of other requirements to elicit information for testing one 
requirement. This because the requirements in the IEEE Std. 830 format are single 
ones, i.e. there no direct relations among different requirements provided directly in 
the IEEE Std. 830 forma. But RAM just manages all requirements based on their 
abstraction naturally, and the requirements in RAM format are related to each other 
and organized as requirements chain. This is one important reason why RAM is more 
efficient than IEEE Std. 830. 

Finally, the study indicates that RAM is suitable for test case design, and has better 
performance than IEEE Std. 830 comprehensively in view of both efficiency and 
effectiveness.  

5.2 Further work  
This section presents some further work on the controlled experiment and this 

study as follows: 
 

• Further work on the controlled experiment: 
The controlled experiment need to be refined and replicated in order to confirm the 

results have been produced, so that the confidence in the results increases. One 
refinement of the final experiment can be the procedure of the experiment execution, 
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i.e. add a feedback session after the subjects finish the task session in order to learn the 
experience of the subjects’ on using RAM for test case design as well as the feedback 
on the experiment planning, so that we can easier to analyze and understand the 
experiment results. As discussed in section 3.5, the most crucial threat to the validity 
of the experiment is the small population involved in the experiment, i.e. only ten 
subjects (five in each group) participate in the experiment in each company. It could be 
the limitation of generalizing the experiment results. Therefore, when considering a 
replicated experiment in future, a larger group of subjects should be involved in it.  

 
• Further work on this study: 

This thesis presented the empirical study on evaluating the suitability of RAM for 
test case design with respect to efficiency and effectiveness. The results of the 
controlled experiment show that RAM, as a hierarchical structure model to support a 
continuous requirements engineering effort, is suitable for test case design 
comprehensively in view of both efficiency and effectiveness.  If the replicated 
experiment could be results in the same conclusion with highly confidence, it is 
rational to further study on a method or a framework of using such a hierarchical 
structure model for software testing at the early stage of software development, 
especially in  market-driven software development situation. 
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APPENDIX I: RAW DATA OF DIRECT MEASUREMENTS 
This part of the appendix presents the raw data of the four direct measurements 

collected in the two companies. 
 

• Raw data collected in Company A: 
 

Direct measurement of Ti (in minutes) 
Group One 

(FRSIEEE) 
S1 S2 S3 S4 S5 

Req.1    15 5 11 20 7 
Req.2    10 5 8 6 8 
Req.3    5 10 5 12 6 
Req.4    10 7 3 8 4 
Req.5    24 15 5 6 5 
Req.6    4 12 3 5 5 
Req.7    4 9 6 4 4 
Req.8    3 4 6 7 4 
Req.9    4 5 3 5 5 

Req.10    4 5 2 5 2 
 
Group Two 

(FRSRAM) 
S1 S2 S3 S4 S5 

Req.1    18 11 17 26 29 
Req.2    10 7 6 14 14 
Req.3    4 5 5 5 8 
Req.4    5 6 7 5 13 
Req.5    5 8 5 2 4 
Req.6    7 6 8 6 4 
Req.7    6 5 5 3 5 
Req.8    5 4 5 3 5 
Req.9    7 5 2 2 4 

Req.10    5 5 4 3 8 
 
 

Direct measurement of Ni  
Group One 
(FRSIEEE) 

S1 S2 S3 S4 S5 

Req.1    2 0 1 2 2 
Req.2    2 7 1 6 6 
Req.3    4 2 2 3 2 
Req.4    5 4 6 2 5 
Req.5    3 4 4 5 2 
Req.6    2 3 1 2 1 
Req.7    2 3 1 2 3 
Req.8    2 4 5 3 5 
Req.9    2 4 5 2 4 

Req.10    4 4 3 3 2 
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Group Two 
(FRSRAM) 

S1 S2 S3 S4 S5 

Req.1    0 0 0 0 0 
Req.2    1 0 1 0 1 
Req.3    1 0 0 0 1 
Req.4    0 0 0 0 0 
Req.5    0 0 0 0 0 
Req.6    0 0 0 0 0 
Req.7    1 1 0 0 1 
Req.8    0 0 0 0 1 
Req.9    1 0 0 1 1 

Req.10    1 0 0 0 0 
 
 

Direct measurement of TSiC  

Group One 
(FRSIEEE) 

S1 S2 S3 S4 S5 

Req.1    2 1 1 2 1 
Req.2    2 1 1 2 1 
Req.3    1 1 1 1 1 
Req.4    1 1 1 1 1 
Req.5    2 1 1 1 1 
Req.6    1 1 1 1 1 
Req.7    1 1 1 1 1 
Req.8    1 1 1 1 1 
Req.9    1 1 1 1 1 

Req.10    1 1 1 1 1 
 
Group Two 
(FRSRAM) 

S1 S2 S3 S4 S5 

Req.1    1 1 2 2 2 
Req.2    2 1 2 1 1 
Req.3    1 1 1 1 1 
Req.4    2 1 2 1 1 
Req.5    1 1 1 1 1 
Req.6    1 1 1 2 2 
Req.7    1 1 1 1 1 
Req.8    1 1 1 1 1 
Req.9    1 1 1 1 1 

Req.10    1 1 1 1 1 
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Direct measurement of TSiV  

Group One 
(FRSIEEE) 

S1 S2 S3 S4 S5 

Req.1    3 2 2 2 2 
Req.2    2 3 2 2 2 
Req.3    2 3 1 2 2 
Req.4    2 2 1 1 2 
Req.5    3 3 2 1 2 
Req.6    2 2 2 2 2 
Req.7    2 2 2 2 2 
Req.8    2 2 2 2 2 
Req.9    2 2 2 1 2 

Req.10    2 1 1 2 2 
 
Group Two 
(FRSRAM) 

S1 S2 S3 S4 S5 

Req.1    2 2 2 3 2 
Req.2    2 2 2 3 3 
Req.3    1 2 2 2 2 
Req.4    2 3 2 2 2 
Req.5    1 2 2 2 2 
Req.6    2 2 2 2 2 
Req.7    2 2 2 2 2 
Req.8    2 2 2 2 2 
Req.9    2 2 1 2 2 

Req.10    2 2 1 2 2 
 

• Raw data collected in Company B: 
 
Direct measurement of Ti (in minutes) 

Group One 
(FRSIEEE) 

S1 S2 S3 S4 S5 

Req.1    15 17 14 13 11 
Req.2    10 15 9 10 11 
Req.3    8 10 8 17 15 
Req.4    9 6 9 9 11 
Req.5    13 12 14 13 13 
Req.6    8 9 8 9 16 
Req.7    9 5 7 11 9 
Req.8    6 11 5 10 13 
Req.9    2 4 4 5 6 

Req.10    4 6 3 6 5 
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Group Two 
(FRSRAM) 

S1 S2 S3 S4 S5 

Req.1    22 25 23 27 30 
Req.2    5 27 6 15 9 
Req.3    6 4 6 9 11 
Req.4    6 8 6 8 9 
Req.5    15 6 6 7 6 
Req.6    11 4 10 3 8 
Req.7    10 4 9 6 8 
Req.8    4 4 7 4 5 
Req.9    4 3 4 6 2 

Req.10    5 5 8 6 4 
 
 

Direct measurement of Ni  
Group One 
(FRSIEEE) 

S1 S2 S3 S4 S5 

Req.1    2 2 3 1 1 
Req.2    3 5 2 3 4 
Req.3    5 4 4 4 6 
Req.4    3 4 3 4 6 
Req.5    4 4 3 2 4 
Req.6    6 5 3 2 2 
Req.7    4 5 4 4 3 
Req.8    4 5 2 1 4 
Req.9    4 5 1 2 3 

Req.10    4 8 2 4 3 
 
Group Two 
(FRSRAM) 

S1 S2 S3 S4 S5 

Req.1    0 0 0 0 0 
Req.2    1 2 1 0 1 
Req.3    0 0 0 1 0 
Req.4    1 0 2 0 0 
Req.5    0 0 0 0 0 
Req.6    0 0 1 0 0 
Req.7    1 1 0 0 0 
Req.8    1 0 1 1 1 
Req.9    0 0 0 1 0 

Req.10    0 0 1 0 0 
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Direct measurement of TSiC  

Group One 
(FRSIEEE) 

S1 S2 S3 S4 S5 

Req.1    1 2 1 1 1 
Req.2    1 1 1 1 1 
Req.3    1 1 1 2 1 
Req.4    1 1 1 1 1 
Req.5    1 1 1 1 1 
Req.6    1 1 1 2 2 
Req.7    1 1 1 2 1 
Req.8    1 1 1 2 2 
Req.9    1 2 1 1 1 

Req.10    1 1 1 1 1 
 
Group Two 
(FRSRAM) 

S1 S2 S3 S4 S5 

Req.1    2 1 2 3 1 
Req.2    1 2 1 2 1 
Req.3    1 1 1 1 1 
Req.4    1 1 1 2 1 
Req.5    3 1 1 1 1 
Req.6    1 1 1 1 1 
Req.7    1 1 1 2 1 
Req.8    1 1 1 1 1 
Req.9    1 1 1 2 1 

Req.10    1 1 1 2 1 
 
 

Direct measurement of TSiV  

Group One 
(FRSIEEE) 

S1 S2 S3 S4 S5 

Req.1    3 3 2 2 3 
Req.2    3 3 2 2 3 
Req.3    3 3 2 2 3 
Req.4    3 2 1 2 2 
Req.5    3 2 1 1 3 
Req.6    3 2 2 2 3 
Req.7    2 2 2 2 3 
Req.8    3 2 2 2 3 
Req.9    3 2 3 2 2 

Req.10    3 2 2 2 1 
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Group Two 
(FRSRAM) 

S1 S2 S3 S4 S5 

Req.1    2 2 3 3 3 
Req.2    2 2 3 3 2 
Req.3    2 1 3 2 3 
Req.4    2 1 3 3 3 
Req.5    2 2 3 2 2 
Req.6    3 2 3 3 2 
Req.7    2 2 3 2 2 
Req.8    2 2 3 2 2 
Req.9    2 1 3 2 1 

Req.10    2 1 3 3 1 
 
 



  49 

APPENDIX II: THE EXPERIMENT INSTRUMENTS 
In this part of the appendix, the experiment instruments are provided, including 

two examples of the selected CMS functional requirements in two formats, the 
questionnaire on the background assessment and the manual form for collecting the 
experimental data. 

 
• CMS system requirements specification: 
 
An example of the IEEE Std. 830 requirements specification 

No. 1. Requirements Specification of FR4 - Incorrect login 
ID  FR4  
Title  Incorrect login  

Description  
If the user enters an incorrect user id and/or password the login page shall 
be reloaded with information showing that an incorrect login has been 
attempted.  

Rationale  Feedback to user.  

Restrictions / 
Risks  

User may not understand information  

Relations   
 

An example of the RAM requirements specification 
No. 1. Requirements Chain of ReqID 4 014 - Incorrect login 

Level ReqID Title Description Rational Restrictions 
Relation 

To 

Relation 

From 

1 015 
Personalized 
User 
Experience 

The user shall have a 
personalized view in the 
product. 

   2 073 

Pr
od

uc
t 

1 016 
Secure 
Product 

The product shall 
prevent unauthorized 
use. 

   2 120 

2 073 
System 
Users 

Each user of the system 
must have a system user 
id. 

  1 015 3 012 

Fe
at

ur
e 

2 120 
Product 
Access 

Only users with the 
right privileges shall be 
able to view, add, edit 
or remove contents in 
the product. 

  1 016 3 012 

Fu
nc

tio
n 

3 012 Login 
The user must login 
before product usage 

Unauthorize
d users 
should not 
have access 
to product 
functionality
. Customize 
information 
for user. 

Usability 
threat: User 
may forget 
login id. 

2 120 
 
2 073 

4 014 

C
o

m
p

o
n

en
t 

4 014 
Incorrect 

login 

If the user enters an 

incorrect user id 

and/or password the 

login page shall be 

reloaded with 

information showing 

that an incorrect login 

has been attempted. 

Feedback 

to user. 

User may 

not 

understand 

information 

3 012  
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• The questionnaire on the background assessment: 
 

 

Background Assessment 
 

Employee ID:  ＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿                Department: ＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿ 

  
Please mark your choices with ‘×’ (One-Choice Questions). 
1.  Have you learn the knowledge about Requirements Engineering? 
○ Yes 
○ No 
 
2.  How would you assess your knowledge about Requirements Engineering? 
○ None 
○ Novice 
○ Moderate 
○ Skilled 
○ Expert 
 
3. How long have you been involved in Requirements Engineering? 
○ Less than 1 year 
○ 1 - 2 years 
○ 2 - 3 years 
○ More than 3 years 
 
4.  Have you learn the knowledge about Software Testing? 
○ Yes 
○ No 
 
5.  How would you assess your knowledge about Software Testing? 
○ None 
○ Novice 
○ Moderate 
○ Skilled 
○ Expert 
 
6. How long have you been involved in Software Testing? 
○ Less than 1 year 
○ 1 - 2 years 
○ 2 - 3 years 
○ More than 3years 
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• The manual form: 
 

Test Case Design Template 
 

Ready to start at::::＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿    
 

Target Requirement ID  
Start Time  
Test Case ＿＿＿＿＿＿＿＿ 

Identifier  
Title  
Purpose  
Environmental Needs  
Pre-Requisites  
Input List  
Testing Steps  

 
 
 
 
 

Expected Results  
Constraints  
Priority ○ High               ○ Medium               ○ Low 
Related Test Case ID   

Related Requirements ID  
End Time  

…… 

 
Target Requirement ID  
Start Time  
Test Case ＿＿＿＿＿＿＿＿ 

Identifier  
Title  
Purpose  
Environmental Needs  
Pre-Requisites  
Input List  
Testing Steps  

 
 
 
 
 

Expected Results  
Constraints  
Priority ○ High               ○ Medium               ○ Low 
Related Test Case ID   

Related Requirements ID  
End Time  

 

Finish all the test case design at: ＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿ 
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APPENDIX III TABLES AND FINGURES OF 

COMBINATORY ANALYSIS  
This part of the appendix presents all the tables and figures used to show the 

combinatory analysis processes. 
 

• Combinatory analysis on efficiency based on Tran1 
 

Table 1. Descriptive statistics for efficiency of two treatments based on Tran1 

Descriptive Statistics 

 
Mean 

Std. 

deviation 
Skewness Kurtosis 

FRSIEEE_CA+CBCA 16.7372 3.52503 0.285 -1.202 

FRSRAM_CA+CBCA 59.0477 5.74718 -0.611 1.101 

 

 
Figure 1. Boxplots for efficiency of two treatments in combinatory analysis based on 

Tran1 
 
Table 2. Normality tests for efficiency of the two treatments in combinatory analysis 

based on Tran1 

Kolmogorov-Smirnov Shapiro-Wilk 
FRS 

Statistic Sig. Statistic Sig. 

FRSIEEE_CA+CBCA 0.147 0.200 0.936 0.507 

FRSRAM_CA+CBCA 0.170 0.200 0.942 0.578 

 

 
Figure 2. The results of t-test on efficiency of two treatments in combinatory analysis 

based on Tran1 
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• Combinatory analysis on effectiveness based on Tran1 
 

Table 3. Descriptive statistics for effectiveness of two treatments based on Tran1 
Descriptive Statistics 

 
Mean 

Std. 

deviation 
Skewness Kurtosis 

FRSIEEE_CA+CBCA 1.5298 0.15570 -0.125 -0.892 

FRSRAM_CA+CBCA 1.7581 0.30041 1.217 0.199 

 

 
Figure3. Boxplots for effectiveness of two treatments in combinatory analysis based 

on Tran1 
 

Table 4. Normality tests for effectiveness of the two treatments in combinatory 
analysis based on Tran1 

Kolmogorov-Smirnov Shapiro-Wilk 
FRS 

Statistic Sig. Statistic Sig. 

FRSIEEE_CA+CBCA 0.117 0.200 0.968 0.874 

FRSRAM_CA+CBCA 0.269 0.039 0.813 0.21 

 

 
Figure 4. The results of Mann-Whitney U test on effectiveness of two treatments in 

combinatory analysis based on Tran1 
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• Combinatory analysis on efficiency based on Tran2 
 

Table 5. Descriptive statistics for efficiency of two treatments based on Tran2 
Descriptive Statistics 

 
Mean 

Std. 

deviation 
Skewness Kurtosis 

FRSIEEE_CB+CACB 14.7166 3.09947 0.285 -1.202 

FRSRAM_CB+CACB 66.3951 6.46233 -0.611 1.101 

 

 
Figure 5. Boxplots for efficiency of two treatments in combinatory analysis based on 

Tran2 
 
Table 6. Normality tests for efficiency of the two treatments in combinatory analysis 

based on Tran2 

Kolmogorov-Smirnov Shapiro-Wilk 
FRS 

Statistic Sig. Statistic Sig. 

FRSIEEE_CB+CACB 0.147 0.200 0.936 0.507 

FRSRAM_CB+CACB 0.170 0.200 0.942 0.578 

 

 
Figure 6. The results of t-test on efficiency of two treatments in combinatory analysis 

based on Tran2 
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• Combinatory analysis on effectiveness based on Tran2 
 

Table 7. Descriptive statistics for effectiveness of two treatments based on Tran2 
Descriptive Statistics 

 
Mean 

Std. 

deviation 
Skewness Kurtosis 

FRSIEEE_CB+CACB 1.6554 0.19193 0.186 -1.190 

FRSRAM_CB+CACB 1.7500 0.22304 -0.017 0.128 

 

 
Figure 7. Boxplots for effectiveness of two treatments in combinatory analysis based 

on Tran2 
 

Table 8. Normality tests for effectiveness of the two treatments in combinatory 
analysis based on Tran2 

Kolmogorov-Smirnov Shapiro-Wilk 
FRS 

Statistic Sig. Statistic Sig. 

FRSIEEE_CB+CACB 0.126 0.200 0.958 0.766 

FRSRAM_CB+CACB 0.178 0.200 0.962 0.806 

 

 
Figure 8. The results of t-test on effectiveness of two treatments in combinatory 

analysis based on Tran2 
 


