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ABSTRACT 

Context. Performance testing, among other types of non-functional testing, is necessary to assess 

software quality. Most often, manual approach is employed to test a system for its performance. This 

approach has several setbacks. The existing body of knowledge lacks empirical evidence on automation 

of non-functional testing and is largely focused on functional testing. 

Objectives. The objective of the present study is to evaluate a test framework that automates 

performance testing. A large-scale distributed project is selected as the context to achieve this objective. 

The rationale for choosing such a project is that the proposed test framework was designed with an 

intention to adapt and tailor according to any project’s characteristics. 

Methods. An experiment was conducted with 15 participants at Ericsson R&D department, India to 

evaluate an automated test framework. Repeated measures design with counter balancing method was 

used to understand the accuracy and time taken while using the test framework. To assess the ease-of-

use of the proposed framework, a questionnaire was distributed among the experiment participants. 

Statistical techniques were used to accept or reject the hypothesis. The data analysis was performed 

using Microsoft Excel. 

Results. It is observed that the automated test framework is superior to the traditional manual approach. 

There is a significant reduction in the average time taken to run a test case. Further, the number of errors 

resulting in a typical testing process is minimized. Also, the time spent by a tester during the actual test 

is phenomenally reduced while using the automated approach. Finally, as perceived by software testers, 

the automated approach is easier to use when compared to the manual test approach. 

Conclusions. It can be concluded that automation of non-functional testing will result in overall 

reduction in project costs and improves quality of software tested. This will address important 

performance aspects such as system availability, durability and uptime. It was observed that it is not 

sufficient if the software meets the functional requirements, but is also necessary to conform to the non-

functional requirements. 

 

Keywords: performance testing, automation and 

software testing. 
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1 INTRODUCTION 
Testing is a vital phase during the lifecycle of any software project. The verification 

and validation techniques of testing not only ensure that the right product is developed 

but also ensure that the product is built right [1][2]. Further, it helps to estimate the 

extent to which the software is fault tolerant. Overall, testing helps a software company 

to establish a level of quality to its products [3]. A typical testing phase is staged in 

several levels. Although there are various types of testing such as regression testing, unit 

testing, integration testing and so on, that make up the entire testing process, it can be 

said that functional testing and non-functional testing are the dominant among the others 

[4]. Software applications in general, are tested to ensure the following: 

- All functional requirements elicited by the customer are fulfilled. 

- The developed application is bug free. 

- The non-functional requirements are fulfilled, or the application has 

‘acceptable’ levels of tolerance. 

Due to changing trends in software industry, many modifications have been made 

to testing process. Improved process models, such as the agile development 

methodology made testing a part of every stage in the project’s life cycle. A tester is 

now required to collaborate with the developer right from the start of the project. A 

typical testing phase consists of the following steps, as discussed in [5]: 

 

Figure 1 Testing process flowchart 

It can be inferred from the flow chart above that manual human intervention during 

testing is inevitable. In certain situations, especially in non-functional testing, testers are 

left with no choice except to test the system manually. Although simulators such as 

JMeter are used during load testing, very little advantage is seen in terms of analyzing 

system characteristics while testing. 

In the last decade, advancements in software engineering have witnessed 

improvements such as automation of functional testing. However, very little progress is 

made in improving non-functional testing [6]. The ever increasing number of software 

users emphasizes the importance of non-functional attributes such as performance, fault-

tolerance and load handling of any software product. As a result, software organizations 

are shifting their attention to non-functional testing [4]. Unlike functional testing which 

ensures that the functionality of a system is fulfilled, the objective of non-functional 

testing is to test if a software product can handle a given load, assess the durability, 

analyze the maximum stress the system can handle and so on. However, current state of 

practice heavily depends on manual human intervention during the non-functional 

testing. This approach suffers from some serious drawbacks that would lead to delays in 

project timeline, reduced efficiency in testing that would impact the quality of the 

software. Empirical evidences mention that the testing phase is given less significance 

during a project’s lifecycle as compared to design and development. Non-functional 

testing, in particular, is often not given enough attention and resources [6]. Following 

are some of the reasons presented for this trend [1]: 

- Non-functional testing requires that the system is completed with development 

and through with functional testing. Thus, non-functional testing is usually 
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performed at the end of testing phase. Due to the overhead of meeting the 

deadline, most important aspects are often ignored [7]. 

- A low proportion of testers to developers generally leads to over burdening the 

testing team. 

- Lack of automated testing tools to aid the testers. Functional testing is equipped 

with tools such as SOAP UI or Selenium to automate most part of the testing 

process. However, such utilities are not a commonplace in non-functional 

testing. 

During functional testing phase, the application is first tested manually to ensure 

that it is bug free. This is followed by running test cases through an automated test tool, 

such as, JMeter. Conventionally, this approach was modified and improved accordingly 

[7]. As a result, regression testing is continuously being improved and implemented. 

However, during non-functional testing, automated tools are used since last decade. This 

is usually done to simulate load and traffic on a target application and analyze the system 

and server characteristics. However, the mere use of tools is not sufficient to understand 

the system characteristics. This manual work is different in the way they are perceived 

and implemented. In the context of functional testing, manual testing complements 

automated testing. Whereas in non-functional testing, manual analysis is inevitable. This 

human involvement causes several drawbacks. The problems associated with such an 

approach are that variations in network traffic or load on servers are not accurately 

measured and observed [6]. As a consequence, the performance analysis is undermined. 

The implications of improper testing of non-functional attributes is that the system’s 

performance aspects such as, durability and load handling are impeded. As discussed in 

[5], safety critical systems would suffer from quality in terms of reliability. Further, e-

commerce applications would fail during actual production due to the inability of 

handling large number of users [8]. Quantitatively measuring non-functional attributes 

such as performance and system scalability is a challenge due to the absence of well-

defined metrics [9]. Lack of automated test approaches further deepens this problem. 

These topics have become the area of research interest in the past two decades. 

Thus, from the discussion above, it can be inferred that the issue of automating non-

functional testing is of growing interest in theory and practice. This paper investigates 

an approach to automate performance testing by introducing a test framework that 

encompasses test commands to setup the test environment, run the test case and present 

the output of the test. To empirically evaluate the proposed framework and ensure that 

it adds value to the testing phase by reducing the overall project costs and time, a 

controlled experiment was conducted in an industry environment. Using Ericsson’s 

billing system as the target product, the test framework is compared with the manual 

approach. Accuracy, time taken to conclude a test, ease-of-use and time spent by testers 

during a test are the parameters used to compare the two testing techniques. Based on 

these parameters hypotheses are stated as mentioned in section 3.3.4. Using robust 

statistical techniques, all hypotheses are tested for significance. All null hypotheses 

assume that there is no difference in the two testing techniques on the grounds of the 

chosen parameter. Alternate hypotheses state that there is a statistical difference between 

the two approaches in terms of the chosen parameter. 

The solution to the existing problem is proposed in the form of an automated test 

framework that will encompass all the manual tasks of a typical tester. The description 

of the framework is detailed in section 3.1, however, following are the points that give 

an overview of the presented solution: 

- The framework can be tailored according to any project irrespective of its size. 

- Running the tests can be scheduled during any time of the day, accordingly, the 

performance analysis can be controlled. 

- Reduces the overall time taken to execute performance tests and load tests. This 

implies that the overall project costs are reduced. 
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- The use of such an automated framework would increase the focus on non-

functional attributes of software applications. 

- Another important aspect is that the framework can be developed 

simultaneously during the development of the software application. 

- The probes deployed on a software application will fetch the server 

characteristics such as CPU utilization, uptime and load average. The data thus 

collected will be presented in the form of graphs and .csv files. (for example, 

see  Appendix 14, Appendix 15 and Appendix 16) 

- This framework is designed using the builder pattern software design pattern. 

This adds the advantage of making the test commands in the framework more 

readable and translate them to near English language. 

A real-time implementation of the framework on a target system (in this study, 

Ericsson’s Billing System) is depicted in the form of a block diagram, as shown in 

Figure 2. 

 

Figure 2 Block diagram explaining the overview of the solution 
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2 RELATED WORK 
In the last two decades, non-functional attributes of software systems have gained 

ever growing attention. Increased number of software users and widespread utilization 

of software applications are few of the many reasons contributing to this trend. In this 

context, software testers have emphasized their focus on system performance [10]. Also, 

there have been initial efforts to automate non-functional testing in order to improve the 

testing process. A diversified domain of software systems are now concerned about 

various performance attributes of software applications [8][11]. In this section, the 

related works pertaining to non-functional testing are discussed. 

Before discussing findings in literature related to non-functional testing, it is 

necessary to know few basic concepts. The brief description below is aimed to improve 

the understanding of the reader unfamiliar with the terms related to non-functional 

testing. In order to ascertain that a software application is operating in a desired way 

under varied conditions, it is necessary to check the non-functional aspects. Thus, a 

typical process of non-functional testing includes, but not necessarily restricted to the 

following types of tests [6]: 

 Load testing: It is a type of test in which a system under test is subjected to 

varied simulated requests. This test will ensure that the system is capable of 

handling a pre-specified peak load. Also, this study will help in analyzing 

system behavior during varying number of concurrent users [12]. 

 Stress testing: When a system is purposefully put through heavy testing, it 

is called stress testing. Some of the reasons to conduct such a test is to find 

the maximum tolerance levels a system can withstand. Typical 

characteristics of this type of testing include varying number of virtual 

requests, changing the duration of the test and so on [13]. 

 Durability testing: Under specified workloads, it is interesting to observe 

how long a system can withstand before a failure or crash. Durability testing 

is a type of non-functional testing which fulfills this task. This is generally 

achieved by varying the test period to different levels [12]. 

The three types of tests mentioned above are relevant to the present study. Hence, 

these three processes are described in detail. However, there are several variants of such 

non-functional tests whose examination is not relevant to the present context and is 

beyond the scope of this document. 

2.1 Empirical studies Related to Non-Functional Testing 
Scientific articles related to performance testing that explore improvements in 

automation were analyzed during this study. The following representative examples 

related to performance testing should be highlighted in this context: 

- The process of evaluating the performance of a software system throughout its 

lifecycle is called performance engineering [10]. Smith et al. have presented a 

model of application of performance engineering to a large software project. As 

explained in this reference paper, although performance engineering is an 

emerging discipline, widely applied to fields such as computer hardware and 

mechanical devices, it is often ignored in software engineering. Performance 

engineering is a continuous process that is embedded with the lifecycle of a 

software project. It begins with the preliminary analysis of software design and 

proceeds till the maintenance phase [10]. Within the limits of a given hardware, 

operating system and database environment, the objective of this reference 

paper had been to establish that performance engineering has a high return with 

a seemingly low effort. To achieve this objective, a case study is demonstrated 

in this reference paper to show the applicability and validity of an approach that 
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emphasizes performance engineering from the design and development stage of 

a software lifecycle. A small query transaction of an aerospace-vehicle design 

system is studied in this reference paper. The results presented the advantages 

of considering performance implications in early design phases of a software 

project. It is concluded that it is important to carry out performance engineering 

through detail design and implementation. 

- The importance of non-functional attributes such as scalability and performance 

was illustrated in a study conducted in the reference article [14]. Specific web 

services are tested on an e-learning application. The nature of this study slightly 

overlaps functional testing. The objective of this reference article is to examine 

and measure non-functional attributes of web services. For doing so, a 

framework is proposed that enables distributed learning. Thus, an experiment 

was conducted in this study to understand performance of web services under 

different situations. The results of this study led to improvements in scheduling 

algorithms to handle increased load. Towards the end, the author, Saddik, has 

concluded in this reference article that based on the results obtained from 

measurement of scalability of web services, there are several benefits of using 

the design and implementation of the e-learning framework. 

- With the emergence of agile development methodology, a new paradigm called 

the test driven development (TDD) became widespread [15]. Johnson et al. in 

their study, as discussed in reference article [15], have explored the impact of 

TDD on quality. IBM’s point-of-sale system software was selected as a context 

to conduct this study. A case study on incorporating performance testing in Test 

Driven Development (TDD) revealed that such an approach led to the 

automation of performance testing [15]. Assert based analysis of performance 

trends is shown as a viable alternative to manual analysis. This study serves as 

the starting point towards developing automated test frameworks. It was 

concluded in this study that the periodic in-system measurements and tracking 

of performance measurement progress increases performance of the software 

application. This important finding reveals that the consistent use of automated 

approach in performance testing can yield significant results. The study outlined 

in this reference article is relevant in understanding the state-of-art practices 

related to non-functional testing. A practical description of the tasks involved in 

the process is given. The use of JUnits which form the basis of test driven 

development is investigated in this article [15]. 

- Efforts to improve throughput of a large scale telecommunications system were 

discussed in [16]. A telecommunication network device called Billing Gateway 

and its performance were chosen as context. A prototype that translated an 

interpreter language into C++ code was examined in this research paper. A case 

study on a real time project indicated that the performance along with scalability 

were improved by using a new method of compilation. Results showed this 

improvement as a consequence of addition of processors. It was concluded in 

this paper that the solution proposed by the authors are applicable largely to 

number of distributed, complex real-time applications that require 

customization from end user. 

- The importance of performance in the context of financial applications was 

explored in a case study described in [11]. In this paper, a prototype is used to 

test if a system is behaving in acceptable levels under realistic conditions. The 

impact of number of concurrent requests handling was addressed in this study 

by evaluating a new method of implementation. A case study was conducted on 

a large financial application running on an IBM mainframe. This study opens 

up the discussion of performance improvement of software applications in wide 

ranging domains.  
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- Cross platform performance testing framework was proposed and evaluated in 

a study by Chen et al. In this study, a general purpose test framework was 

explained that separates application-specific logic from test drivers. Results 

show that such a solution is suitable to test performance of large and complex 

enterprise systems [17]. The reported general purpose framework was described 

extensively. The steps required to follow during design and implementation of 

the framework were clearly elicited. 

From the discussion above, it can be inferred that most of the previous studies have 

largely been case studies. Thus, the scope of the empirical results has a limitation of 

generalization. The studies discussed here were focused on specific problems and 

corresponding solutions have a finite application. Also, as mentioned in [18], there has 

been very little focus on non-functional testing and as a result, only few issues were 

addressed. Hence, it must be noted that most of the related work discussed in this section 

are rather old. However, the literature review presented in this document also uncovered 

recent studies that are between ten to fifteen years old. 

2.2 Empirical studies about comparative studies 
Evaluation of any newly proposed solution requires that it is empirically 

substantiated with evidences supporting its credibility. Hence, it is commonplace in 

software engineering research to compare the proposed solutions to the established 

existing ones to draw relevant conclusions. Since previous studies serve as a proven 

benchmark, it is only logical to compare the results of the new solution to those obtained 

by application of earlier methods. Based on such an approach, several comparative 

studies were explored in the field of software engineering. Following are some of the 

significant contributions: 

- One of the early studies pertaining to automation of software testing was 

conducted by Benson as stated in [19]. An experiment describing an automated 

approach to find bugs was proposed in this paper. At the time of this study, due 

to the absence of other automated solutions, the author of this paper had to 

evaluate against the predominant manual approach. A real time on-going project 

was selected as a context for this study. The results of this study formed the 

baseline for many subsequent improvements in automation of software testing. 

It was concluded in this research paper that by using assert based testing, the 

system behavior can be corrected without examining the output in detail. Also, 

the authors have explored the possibility of automating test case generation. 

- Basili et al. have compared effectiveness of three different software testing 

strategies [20]. State-of-practice methods are evaluated in this research paper as 

opposed to state-of-the-art techniques. Primary objective of this research paper 

was to relate testing effectiveness to factors such as testing technique, software 

type, fault type and tester experience. Four different programs written in high-

level language formed the context of this study. A controlled experiment 

revealed that each testing technique was superior under specific circumstances. 

Also, the implementation of a formal experimental methodology and statistical 

design is a key contribution of this study. By conducting a human 

experimentation on a group of students and professional programmers, the 

conclusions were aimed to be applicable to software professionals. 

- Ghiassi et al. introduced dual programming approach to software testing in [21]. 

Such an approach is expected to reduce the resources required during testing 

phase and thus reduce the overall project costs. A commercial billing application 

was chosen as a target system to conduct the experiment. Testing program code 

in high-level language is seen as a viable alternative to low-level language 

testing. Results of this study indicated that automating testing process would 
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significantly reduce overall project costs. Also, it was stated that scheduling the 

test sessions at off-peak hours can be made possible through dual programming. 

- The advantages of early software testing were presented in [22]. In this study, it 

is said that distributed systems can be tested by application-specific test cases 

from architecture designs. The validation of the study results was based on 

system performance. The results of this study indicated that integration of 

performance testing with the design and development activities will 

significantly improve overall testing efficiency. 

- A widely referred scientific paper related to comparative study is one authored 

by Ramsey et al. In this paper, two design techniques are evaluated in terms of 

quality of the software designs produced [23]. An experiment conducted on a 

typical real time software project revealed the superior among the two 

techniques. Twenty students selected as participants in the experiment were 

given two programs written in assembler language. It was concluded that the 

results of this study under the given experimental conditions can be generalized 

to software development efforts of significant size. 

- Karlsson et al. conducted an experiment to evaluate the different planning 

techniques during software analysis [24]. The study involved human 

experimentation with students as participants. An interesting point to note is that 

the techniques chosen to compare in this study are empirically proven as 

standard methods of prioritization. However, since there was no prior study that 

evaluated and ranked them in terms of accuracy, such a methodology served as 

a means to achieve this purpose. Also, three different parameters were chosen 

to evaluate the various prioritization techniques and determine the superior 

among them. The results of this study aid the software organizations in planning 

requirements prioritization. 

From the above discussion, it can be said that existing literature related to 

comparative studies have commonly used experimentation as the methodology to 

evaluate two techniques or a new solution against the existing one. Therefore, in this 

study, a controlled human experiment was conducted to evaluate the proposed test 

framework against the existing manual approach. 

2.3 Research Gap 
The analysis of the empirical studies mentioned above helped to understand the 

limitations in the existing literature. Traditionally, because the testing activities are taken 

up during the end of a project’s lifecycle, much less attention and resources are allocated 

to the testing phase [6][18]. Non-functional testing, in particular, has a limited 

importance as compared to functional testing [10]. It is evident from the discussion 

above that many efforts that focused on non-functional testing have limited the scope to 

a specific case study. Hence, at a broader level, it can be said that non-functional testing, 

performance testing in particular, must be focused. Since most of the activities involved 

in non-functional testing are performed manually, there is a scope for automating them 

and thus, in turn, improve the testing process. 

While working with Ericsson, a solution addressing the drawbacks of manual testing 

was proposed in the form of a test framework. In order to evaluate the proposed 

framework and assess its superiority over manual test approach, empirical validation is 

necessary [3]. Thus, a controlled experiment with software testers as subjects was 

conducted to compare the two testing techniques. The choice and motivation for 

selecting the research method are discussed in the sections to follow. 
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2.4 Aim and Objectives 
Considering the findings of related literature discussed in section 2.1 and section 

2.2, the research gap is described. The current state-of-practice related to non-functional 

testing indicates that most of the testing process is performed manually. This section 

describes the aim and objectives of the present study. In this document, an automated 

framework is proposed that acts as a wrapper class encompassing the test cases along 

with scripts that automate the execution of test commands. Also, this approach is 

evaluated empirically by comparing with the manual testing approach. In order to do so, 

three parameters were selected to compare the manual and automated test approaches. 

The following are the parameters and reasons for selecting them: 

i. Accuracy: For any new method, in order to ascertain that it is trustworthy, 

it is necessary to establish that it is error free [7]. In the present context, it 

was observed that the manual approach of testing could possibly lead to 

many errors going unnoticed by the testers. As a result, the automated 

approach is aimed to minimize these problems. Hence, accuracy is chosen 

as one of the parameters of evaluation. 

ii. Time: Software organizations perceive time as a scarce resource [20]. 

Efforts towards optimizing software processes is an ongoing research topic 

in the last two decades. Also, from the available literature, it is understood 

that the testing phase is allocated limited time and resources during any 

typical software project. Thus, any solution that reduces the time involved 

in the testing process without impacting the efficiency of the testing can 

make the best use of the available time. Hence, time is chosen as another 

parameter to evaluate. However, it must be noted that this parameter was 

used twice in the present study- a). To determine the total time taken to 

conclude a test and b). To determine the time spent by a tester during 

implementation of a test case. The motivations for such a study are 

explained in detail in the subsequent sections. 

iii. Ease-of-use: Empirical studies in software engineering have shown that an 

easier solution is preferred to an effort demanding one [24]. Thus, besides a 

solution being promising in terms of performance, it must also be perceived 

easy by a typical end user. Hence, ease-of-use is also considered as a 

parameter to evaluate. 

As briefly presented in project plan document [41], in order to improve the non-

functional test coverage of any application the present study is carried out with the 

following aim and objectives. 

2.4.1 Aim 

To evaluate an automated test framework  in terms of ‘accuracy’, ‘average time’ taken and 

‘ease-of-use’ from the perspective of a software tester. 

2.4.2 Objectives 

The project’s aim is achieved by successfully implementing the following objectives: 

 To develop the automated test framework using Java. 

 To observe and document the manual process of analyzing server characteristics. 

 To implement the automated approach and compare the results with those obtained 

from the manual test approach. 

 To interpret the gathered results using suitable data-analysis technique. These form 

the conclusions that would help the tester to make informed decisions during 

performance testing. 
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The objectives mentioned above are carried out in an industrial environment. The 

context of the project is one of Ericsson’s replicated projects called Billing System. The 

rationale for choosing such a project is that the proposed test framework was designed 

with an intention to adapt and tailor according to any project’s characteristics. Hence, to 

examine the applicability of the framework on a typical industrial project, Billing 

System is chosen as the target system. Test cases that are designed to test the 

performance and durability of target system will be used to conduct the non-functional 

tests. 
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3 METHOD 
Existing literature has a clear focus on advancements in functional testing, more so, 

in the automation of functional testing. Very limited empirical evidence is available 

regarding non-functional testing [25]. This is the motivation for conducting this study 

in which an innovative automated test framework is proposed and evaluated. Since non-

functional testing is performed majorly by employing a manual approach, the 

experiment involves a comparative study of this manual approach with the proposed test 

framework. The superior among the two techniques is assessed on the grounds of 

accuracy, time taken and ease of use. This section explains the research method adopted 

for this study and the corresponding research design. Table 1 explains the motivation 

for selecting experiment as a research method based on evidences presented in [26], [27] 

and [28]. 

Research Method Acceptance/Rejection Criteria 

Experiment - The independent and dependent variables affecting the 

results are known in advance. 

- There is a high level of control over the variables. 

- The elicited hypotheses can be answered empirically by 

conducting a controlled experiment. This method also 

provides the advantage of repeating the process. 

Survey - Results are largely focused on the opinion of a target 

audience. This is not suitable for the current study. 

Case Study - Suitable for studies that are explorative and indefinite in 

nature. Since the objective of the present study is concretely 

defined to evaluate an automated method, the case study 

method of research does not fit in. 

Action Research - Appropriate while solving a real world problem. This 

method does not apply to the present project’s aim and 

objectives. 

Table 1 Motivation for research method selection 

3.1 Description of Automated Test Framework 
The framework is a compilation of test commands that implement those tasks that a 

tester performs manually. Following sub-sections describe the framework in detail by 

explaining how these commands are written and implemented according to the needs of 

any project. 

3.1.1 Test Commands and their purpose 

Test Commands serve as a means for the automated test framework to encapsulate 

the desired behavior that testers would expect to utilize during non-functional testing. 

These commands are written in Java due to the benefits offered in the form of platform 

independency. Example test commands are as follows, 

Template.start().on(Host).print(String print).execute(); 
Template.getFile().on(Host).usingFileOnHost(String fileLocation).execute(); 

Although creating scripts using Shell, Perl or Python can serve as an alternative to 

achieve rapid prototyping in the automated test framework, such an approach has several 

setbacks. Some of these drawbacks are listed as follows: 

- Only a limited capabilities are offered by script commands that are invoked via 

RunScript. Additionally, the tester must handle the overhead of validating the results 

generated from the script. Also, the requisite files must be fetched and attached to the 

test report. 
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- Version control of the externally called test script is another challenge that is inherent 

to these scripts. 

- Maintainability of the test cases becomes cumbersome when test scripts are used. 

Further, knowledge management would be difficult since it is hard to train new testers 

about the test scripts. 

3.1.2 Significance of Test Commands 

The advantages of creating test commands are two-fold: they are easy to 

comprehend, highly readable and they can be conveniently integrated into an existing 

project. Highly readable means that the commands written are nearly spoken and written 

English. This was one of the primary guidelines considered during the development of 

the framework. The fundamental reason was to enhance code readability and hence the 

builder pattern coding standard was adhered. Another advantage is that these commands 

are adaptable to any project irrespective of its size. Therefore, it is possible to automate 

every activity that is manually executed, by invoking these test commands. 

3.1.3 Structure of Test Command 

The test commands are named after the function being fulfilled. Hence, they are 

seen as a verb such as createUser(), addUser(), start(), stop() and deploy(). Besides the 

main verb, the test command contains parameters that indicate how it is to be 

implemented. For example, parameters on(URL Host), towards(URL Host), 
usingFile(String FilePath) and usingFileOnHost(String FilePath) are few such parameters. 

These specify the tester about information related to execution of the test command as 

certain commands require functions to be executed on a certain server. In other cases, 

invocation of a command might require tasks to be performed on a different machine. 

Hence, such parameters capture details necessary to execute a test command. Further, 

optional parameters are included in the test commands. In specific cases when typically 

the same values are used, example, user name or port number, these optional parameters 

would have a default value that can be altered if necessary. 

3.1.4 Test Command Implementation 

Based on the parameters to be added to the test command and the functionality to 

be executed, the test command can be finally implemented by creating the following 

files: 

- An interface file which contains the declaration of all the desired function 

commands. 

- A factory file that will serve as an entry point for the testers. 

- Command classes for each command in the designed test command. For example, 

deploy() must have a corresponding command class called TemplateDeployCommand. 

- An implementation class which will contain the implementation of test Command. 

After successfully creating the files mentioned above for a test command, it is tested 

by running smoke tests. This is performed as a sanity check to ensure that there are no 

exceptions thrown. Unit level testing of commands is also performed to be certain that 

the commands are suitable for execution. 

3.1.5 Writing a Test Case 

Once the test commands are created, it means that the manual task of a tester is 

automated. Therefore, the next step in the process would be to design test cases based 

on descriptions provided in a test scenario. In this sub section, a sample test case code 

snippet is illustrated in Figure 3. The design of the test case is based on the scenario 

described in Appendix 8.  
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Figure 3 Code snippet of the test scenario 

3.2 Literature Review 
Based on the guidelines stated by Kitchenham and Charters in [29], research papers 

relevant to this study were shortlisted for studying the related work pertaining to non-

functional testing. Firstly, the hypotheses were stated to test the two testing techniques. 

Next, appropriate keywords are chosen using synonyms. Later, the search strings to be 

used while gathering scientific articles are framed and refined. Finally, the papers found 

as the result of the search are shortlisted based on relevance, by reading the abstract and 

results sections. The related work of this area of study was para-phrased. By following 

these sequence of steps, literature related to non-functional testing was studied that 

helped in identification of research gap and relate the findings of this study with previous 

contributions. All scientific articles selected in the study were peer reviewed conference 

papers or journal articles. Also, among several scientific databases available at hand, 

“Inspec” was selected for searching relevant research papers. The advantages in terms 

of shortlisting every search on the basis of ‘controlled vocabulary’ make this online 

database easy-to-use from a personal perspective. Hence, this is the primary motivation 

behind selecting only one source while conducting literature review. The steps 

illustrated in Figure 4 summarize the activities involved in the literature review: 

 
Figure 4 Flowchart of Literature Review 

1.Formulation 
of Hypotheses

2.Selection of 
Keywords

3.Framing 
search strings

4.Search in 
Inspec for 
research 
articles

5.Filtering of 
papers based 
on exclusion 

criteria

6.Summarizin
g relevant 

work
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3.3 Experiment Design 
This section explains the experimental setup and planning. Figure 5 gives a 

sequential description of the steps taken during the study. Firstly, a pilot experiment was 

conducted prior to the actual experiment, to ensure that the experimental design is 

suitable. Five participants were selected during the pilot test and were asked to test a 

system both, manually and by using the automated test framework. It was observed that 

the participants preferred working during the morning session when compared to post-

lunch sessions. As a result, during the execution of the actual experiment, the study was 

carried out during the first hour of the office. During the test, the subjective dependent 

variables, time taken and accuracy of the two approaches were assessed. However, ease-

of-use was captured with the help of a survey that was held after the experiment. A 

questionnaire was distributed to all participants who were asked to rate the two testing 

techniques in terms of ease-of-use. The results thus obtained were analyzed using 

suitable statistical techniques. 

 

Figure 5 Overview of the experiment 

3.3.1 Pilot Experiment 

To ensure that the experiment design is free from any flaws, a pilot experiment was 

conducted with five participants. It was observed that the timing of the experiment 

during a working day had a significant impact on the participants. The pilot experiment 

was conducted during a post-lunch session in the evening, to which the participants after 

the pilot experiment suggested that the actual test be held during the morning session. 

Thus, to avoid bias caused by participants’ fatigue, during the execution of the actual 

experiment, morning session was selected. 

3.3.2 Execution 

The technique used during the experiment was “repeated measures design, using 

counter balancing” [30]. All participants used both, manual approach and the automated 

test framework, to execute non-functional testing. The experiment involved all tasks 

implemented by a tester during a typical non-functional testing. Later, the proposed test 

framework was used by the participants to achieve the same result. Thus, all the required 

data was collected from the participants who filled information such as the time taken 

Pilot 
Experiment

Execution
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Results and 
Conclusion



 

15 

 

to execute the task, number of errors that occurred during implementation. Sub-sections 

3.3.2.1 and 3.3.2.2 explain the two testing techniques used in this experiment. 

3.3.2.1 Manual Test Approach 

During a typical non-functional testing, such as performance or load testing, a tester 

must implement the following tasks in sequential order: 

i. Server configuration and setup. This includes acquiring login credentials 

needed to access the server for assessing server characteristics during 

testing. 

ii. Configuring database and starting it using command line interface or 

specific graphical user interface. The status of the database is seen on a test 

report portal to ensure that the database is running properly. 

iii. Configuring Apache Tomcat server and starting it. The application to be 

tested is deployed in the “/webapps/” folder in an archived file format (.jar 

or .war). 

iv. Recording the test script based on the scenario using software such as 

JMeter. 

v. Running the recorded test script in JMeter. Depending on the type of test, 

the following parameters are varied during testing: 

a. Load testing: varying number of virtual users/threads and varying 

number of loop counts. 

b. Stress testing: varying number of virtual users/threads for a 

specified period of time. 

c. Durability testing: varying the duration of the test period to 

different values. 

vi. While the recorded test script is executed, the tester must monitor the system 

characteristics from the backend. CPU utilization, network traffic and load 

average on server and database are analyzed. These are the characteristics 

of interest during a non-functional testing. 

The activities stated above make up the manual test approach. For the sake of 

convenience, it is referred by the abbreviation MTA in the subsequent sections. The 

implementation of MTA is prone to several errors ranging from “build path errors” in a 

java project, to errors in configuring database. As human intervention might lead to 

errors that are too costly to fix at a later stage, it is always preferred to have a fault-free 

automated approach. This leads to the proposed test framework explained in the 

following section. 

3.3.2.2 Automated Test Framework 

In order to overcome the drawbacks associated with MTA, an automated test 

framework is proposed that fulfills all the activities in MTA by taking the address of the 

location of required files as input. This approach is abbreviated ATF in the sections to 

follow. The ATF acts like a wrapper that can encompass test cases, run the manual tasks 

automatically and present the output of the test script in the form of logs. The 

participants during the experiment had to import the functions being tested in the 

description of the test scenario and then run the corresponding code from the Eclipse 

console. 

3.3.3 Post-Test 

Data related to time taken and accuracy are gathered during the execution of the 

experiment. However, as the subjective dependent variable ease-of-use, required 

capturing the participants perception of the two techniques, a survey was conducted after 

the experiment [31][32]. In the post-test phase, a questionnaire was sent out to all the 

participants and were asked to rate the easier among the two testing approaches. A scale 
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with values ranging from 1 to 5 (1 being the lowest and 5 being the highest) was given 

as a choice to select from. The rating reflected the ease-of-use of ATF in comparison to 

MTA. Thus, a score of 4 and 5 on the scale corresponds to the superiority of ATF over 

MTA. It is empirically proven that such a comparative scale will give the best advantage 

to the participants to choose the superior among the two techniques [24] [30]. Hence, a 

survey was conducted only with the subjects of the experiment in order to gather 

quantitative data pertaining to ease-of-use. 

It must be noted here that although an open ended question is included in the 

questionnaire (see Appendix 13), the corresponding qualitative data is not analyzed by 

using any the standard analysis techniques such as ‘grounded theory’ [32]. This was due 

to two reasons: a). the experimental objective was hypothesis testing that is best suited 

with quantitative data b). the purpose of including the open-ended question in the 

questionnaire was to understand the participant perception while rating a testing 

technique. Hence, a qualitative analysis would be beyond the scope of this study and 

would not be suitable to the present context. However, narrative description is used in 

understanding in cases of peculiar observations found in rating of ease-of-use. 

3.3.4 Hypotheses 

The purpose of the study is to evaluate ATF by comparing it with the existing MTA. 

The following null hypotheses are investigated in order to fulfill the project’s purpose: 

H01: There is no difference in accuracy while implementing MTA and ATF. 

H02: There is no significant difference in the time taken to run tests using MTA and 

ATF. 

H03: There is no difference in ease-of-use for MTA and ATF. 

H04: There is no significant difference in the average time spent by the tester during 

execution of a test case while using MTA and ATF. 

The corresponding alternate hypotheses are as follows: 

HA1: There is a significant difference in accuracy of MTA and ATF 

HA2: There is a difference in time taken to run tests using MTA and ATF. 

HA3: There is a significant difference in ease-of-use for MTA and ATF. 

HA4: There is a difference in the average time spent by the tester during execution 

of a test case while using MTA and ATF. 

Following the scientific guidelines as presented in [26] and [24], the dependent and 

independent variables are identified in the stated hypotheses. Suitable data collection 

methods are selected to evaluate each hypothesis. This would eventually achieve the 

stated objectives of the study. 

The independent variables, automated test framework (ATF) and manual testing 

approach (MTA) are manipulated in order to understand the causal relationships with 

the dependent variables, accuracy, time-taken and ease-of-use. 

The dependent variable accuracy would be measured by collecting the data 

corresponding to the number of errors detected while using the two approaches. An error 

in implementation could be problems associated during server, database configuration 

or errors associated while implementing test script through JMeter. Thus, the number of 

errors detected while using the two testing techniques will be a measure of the accuracy 

of these approaches. 

The time taken to test would be a measure of the total time taken to execute a load 

test scenario. Also, the average actual time spent by testers during the execution of a test 

is a variable that captures the manual attention required. Finally, ease-of-use would be 

a measure of the cumulative inputs gathered from questionnaire answered by 

participants during a post-test activity. It is assumed that these four variables are 

sufficient to compare the two testing techniques and evaluate the proposed test 

framework. 
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3.4 Experiment Planning 
The experiment was conducted during the morning session of the work hours. 

Fifteen participants were selected, out of which 10 were males and 5 were females (see 

Appendix 10 for detailed description of participants). The convenience sampling 

technique was chosen during participant selection [32][33]. One of the primary reasons 

for such a sampling is that total available team members in the testing team were only 

fifteen. All participants had knowledge and experience in software testing. The 

experiment was carried out using the “repeated measures design with counter 

balancing” [30], in which all subjects used both the techniques MTA and ATF. Since 

all the participants were acquainted with MTA, it was selected first before implementing 

ATF. In a pre-test session, all participants were briefed with the use of ATF. Hence, 

ATF was used by all the participants after implementing MTA. It must be mentioned 

here that the experiment could have been executed in an alternate way by dividing the 

available participants in to two groups, each implementing a technique simultaneously 

and later reversing the order. However, because the server required to implement ATF 

was available only for a limited time, implementing such a design could not be possible. 

Therefore all participants had implemented MTA first followed by ATF. The test case 

used in the experiment is one of load tests (see Appendix 8 and Appendix 9 for 

description of the test cases). The system under test is analyzed under different 

conditions by varying the number of virtual users. All participants had equipment of the 

same system configurations (see Appendix 7 for hardware and software specifications). 

Jenkins server was used to trigger a job using ATF. 
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4 RESULTS 

4.1 Data Collection Method 
This section presents the results related to accuracy, time and ease-of-use while 

observing both the testing methods. Participant observation was the fundamental data 

collection technique employed during the execution of the experiment [32]. Field notes 

were used during execution of the experiment which were handed to each participant 

(see Appendix 11 and Appendix 12). These field notes were used to gather data related 

to accuracy and time. Data related to accuracy was recorded by noting the number and 

type of errors committed by the participants while implementing each testing technique. 

Similarly, data related to time is captured by noting the time taken to conclude a test and 

the time spent by each tester during a test. However, quantitative data related to ease-

of-use was gathered in a post-test questionnaire that contained a likert scale question.  

4.2 Accuracy 
Each participant in the experiment was given the same scenario to implement a load 

test case. Errors committed during the implementation were recorded by each 

participant. Table 2 gives the total number of errors in the two approaches, MTA and 

ATF. While implementing MTA, participants had faced errors while configuring the 

server and database. However, it was observed that the number of errors that occurred 

while implementing ATF were commonly due to incorrect path locations given as 

arguments. These majorly arise from misspelt folder names or ignorance of two back 

slash (“\\”). Another commonly found error while implementing ATF was of “build path 

problems” in a java project caused when required libraries are missing. Only two of the 

participants had errors in the code while executing through ATF. These were caused due 

to implementing a function different from the one described in the test case. Apart from 

these errors, it is seen that implementing ATF significantly reduced the number of errors 

that occurred while implementing MTA. Also, errors that commonly resulted in MTA 

were also seen in ATF and no new errors were found. 

Participant Number of errors observed while 

executing MTA 

Number of errors observed while 

executing ATF 

1 0 1 

2 2 1 

3 2 2 

4 3 0 

5 3 2 

6 3 3 

7 0 0 

8 4 1 

9 4 1 

10 3 1 

11 1 3 

12 4 1 

13 3 0 

14 3 0 

15 8 0 

Average: 3 1 

Table 2 Errors observed during execution of MTA and ATF 
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4.3 Time taken to conclude the test 
Table 3 gives the results of the time taken to run a test while using MTA and ATF. 

It is observed that at an average, it took 62 minutes to implement a test case using ATF. 

However, while executing MTA, the time taken by each participant widely varied from 

each other. In almost 40% of the cases, the participants completed the given task at an 

average of 90 minutes. This time is inclusive of the time taken to resolve the errors that 

occurred during execution of the two approaches. Due to the detailed reports available 

in ATF, in the form of log files, it is seen that the time needed to fix the error is reduced 

significantly. Although, in nearly 35% of the cases, there is only a negligible reduction 

in the overall time taken to implement a test case, around 45% of the cases, the time 

taken to implement was reduced by 50% while using ATF. 

Participant Time taken using MTA Time taken using ATF 

1 60 58 

2 94 62 

3 69 61 

4 61 62 

5 75 66 

6 95 61 

7 72 62 

8 61 65 

9 61 61 

10 96 63 

11 63 65 

12 74 60 

13 67 66 

14 97 62 

15 62 64 

Average: 74 62.5 

Table 3 Time taken while using MTA and ATF 

4.4 Ease-of-use 
During a post-test, all participants were asked to rate the superior among the two 

approaches, in terms of ease-of-use, on a scale of 1 to 5. A rating of 1 indicates that 

MTA is much easier to use. While a rating of 5 means that ATF is much easier to use. 

A rating of 3 refers that the two approaches are equal in terms of ease-of-use. The 

majority of the participants rated that the ATF approach was easier to use when 

compared to MTA. However, two of the participants rated MTA to be easier than ATF. 

When their responses given in questionnaire were analyzed by simple narrative analysis, 

it was seen that the time taken to conclude the test had been the deciding factor that 

influenced their opinion. Also, from their personal viewpoint, these two participants 

haven’t observed a reduction in the number of errors during implementation. Thus, 

although time taken and number of errors are dealt specifically in this study, these two 

participants seem to base their opinion towards ease-of-use based on these parameters. 

The results in the questionnaire gave wide ranging opinions such as “no significant 

difference” to “highly satisfactory”. Thus, the cumulative result of the likeliness is 

reflected in the total percentage of each rating. Table 4 presents the rating of all 

participants towards both the testing techniques. 
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Rating Observations Percentage 

1 0 0.00 

2 2 13.33 

3 4 26.67 

4 5 33.33 

5 4 26.67 
 

Table 4 Ease-of-use of ATF 

4.5 Time spent by the tester 
Another interesting aspect that was captured during the study was the average time 

spent by a tester while executing a test. Using MTA, almost always, the tester had the 

burden to dedicate all the time to attend the test. However, this was contrary to the 

approach used by ATF. The testers only had to spend a limited time when the test case 

was executed. Since most of the process was automated, the test execution demands 

little attention from the tester’s side which can otherwise be invested in any other 

activity. A clarification is made in this regard so as to differentiate hypotheses H2 from 

H4. Although both the hypotheses deal with time taken while using both MTA and ATF, 

H2 is about the time taken to complete the execution of a test. However, H4 deals with 

the time spent by a tester during execution of a test. The motivation to add H4 in the 

study was to establish that it is not necessary for a tester to spend time while executing 

a test case. As against the conventional manual approach, a tester can handle other 

activities while using ATF. Table 5 shows the time spent by each tester while 

implementing each testing technique. 

Participant Time taken using MTA Time taken using ATF 

1 18 12 

2 30 5 

3 26 9 

4 18 5 

5 20 8 

6 30 5 

7 24 6 

8 21 7 

9 17 10 

10 33 6 

11 26 8 

12 20 6 

13 26 11 

14 32 6 

15 21 6 

Average: 24 7 

Table 5 Time spent by tester during execution 
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5 ANALYSIS 
This section explains how each stated hypothesis is tested against the corresponding 

null hypothesis. Accordingly, the superior technique between the two approaches is 

evaluated. Microsoft Excel was used to compute the statistical analysis tests. The 

confidence interval of 95% was chosen to accept or reject a hypothesis i.e. alpha value, 

α=0.05 in all the three conditions. The statistical techniques used in this study are 

applicable to integral values obtained as a result of the experimental observation. Section 

5.1 describes the detailed procedure involved in the analysis of data pertaining to each 

hypothesis. 

5.1 Statistical Analysis Explained 
Statistical hypothesis testing is a mathematical procedure in which a set of testable 

hypotheses are examined based on data obtained from observing a process that is 

modeled via a set of random variables [34]. The statistical inference is determined by 

comparing the relationship between two data sets. By utilizing a pre-specified level of 

significance or confidence interval, the null hypothesis is either accepted or rejected. 

These steps are fundamental to any statistical technique in confirmatory data analysis 

while conducting hypothesis testing [35]. Based on standard scientific findings given in 

[36], the formal steps involved in a hypothesis testing can be summarized as follows: 

i. Stating the relevant null and alternate hypotheses forms the first step in the 

procedure. The null hypothesis can assume either unidirectional (greater 

than or less than) or bidirectional (equal) relationship between the two data 

sets. In other words, bidirectional indicates that there is no difference 

between the two data sets observed. On the other hand, unidirectional 

signifies that one of the data sets is superior to the other on the basis of the 

parameter under examination. It is important to state precisely the null 

hypothesis since the type of test to be selected during analysis is affected by 

the choice of framing the hypothesis. Also, it is mandatory that the null 

hypothesis contain a statement of equality. The stated hypotheses are always 

related to parameters of evaluation between the observed data and not the 

statistical values of the data obtained. 

ii. Deciding the suitable type of test forms the second step in hypothesis 

testing. Depending on the size of sample space and the number of data sets, 

various types of statistical techniques are applicable in different contexts 

such as regression tests, T-Tests and Chi-Squared tests [37]. Thus, by 

considering all the contributing factors, the method most suitable to the 

study must be selected. 

iii. The distribution of the observed sample must be determined in the third 

step. This is an essential part of the procedure because observed data usually 

doesn’t follow a normal distribution pattern. To estimate that the data 

follows a nearly normal distribution, it is important that the normality test 

is conducted. 

iv. Fourth step in the process includes selecting a significance level, also called 

the confidence interval (alpha value). In most empirical studies, the 

commonly used alpha value (α) is 0.05 [35], [38] and [39]. The confidence 

interval is defined in statistics as the probability with which a hypothesis is 

ascertained to be true when in reality is actually false [38]. 

v. From the obtained results, the observed value of the measure of sample data 

set is calculated. The most suitable statistical test is applied during the 

calculation depending on the sample characteristics. Also, in the present 

study, Microsoft Excel 2013 is used as the tool to compute all the 

calculations. 
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vi. As a next step, the p-value is calculated. The p-value is a function defined 

as the probability of obtaining a result equal to or more than the observed 

values. The mathematical formulae involved in calculation of p-value vary 

as per the selected statistical method. 

vii. Finally, the null hypothesis is rejected when the calculated p-value is less 

than the selected confidence interval. Alternatively, the null hypothesis is 

accepted when the p-value is equal to or more than the alpha value (α). 

Inferential statistics are based on an axiom that a hypothesis is not proved, 

instead, an evidence against a hypothesis is found to disprove that 

hypothesis and consequently accept the alternate hypothesis [38].  

In relation to the present study, two statistical tests were selected to analyze the 

gathered data. Paired T-Test was used in analyzing hypotheses H1, H2 and H4. Chi-

Squared test is used to analyze data related to ease-of-use as discussed in H3. Following 

subsections explain the reasons for selecting these tests and mention specific steps they 

include. 

5.1.1 Paired T-Test 

Paired T-Test in statistics is used to understand difference in means between two 

sample populations [37]. Since all null hypotheses assume no difference between the 

two test approaches, it follows that the type of t-test used is two-tailed. This type of test 

is applicable to data analysis only when certain conditions prevail, as discussed in the 

following points [38]: 

 Data related to the study must be of interval or ratio type. 

 There is one sample population for two treatments. In the present study, one 

group of fifteen participants is given both testing techniques. 

 When the purpose of the test is to study if there is a difference between the 

two treatments.  

As a part of the standard steps described in the previous section, the distribution of 

the observed sample must be determined before applying the paired t-test. Following 

sequence of steps are carried out in analyzing the distribution of the data: 

i. Calculation of cumulative distribution function (CDF): The calculation of 

CDF is central in determining the distribution of variables. All data must be 

sorted in ascending or descending order for calculation. 

ii. Calculation of expected value: Using the CDF value the expected value is 

computed using the “NORM.INV()” function. 

iii. Calculation of Z-Value: The Z-value is a standardization technique used in 

statistics that are used to calculate the actual values of an observation. It is 

computed using the “NORM.S.INV()” function. As a final step a graph is 

plotted with Z-value against original values and Z-value against expected 

values (see Appendix 1 to Appendix 6). Data is said to be normal if observed 

data plots align exactly with expected data in a straight line. 

The procedure outlined above is one of the several ways used to determine the 

normality of observed data [38]. The same procedure is followed throughout the study 

while evaluating hypotheses H1, H2 and H4 where the paired t-test is used in hypothesis 

testing. 

5.1.2 Chi-Squared Test 

The chi-squared test is a statistical technique used to assess the goodness of fit 

between a set of observed values and expected theoretical values [40]. The following 

conditions are pre-requisites to apply this test: 

 Data related to the study must be of nominal type. 
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 There is one sample of population upon which two variables are tested. 

 If the purpose of the study is to find out if there is any relationship between 

the two variables using frequency of data, chi-squared test is applied. 

The conditions discussed above are illustrated from scientific statistical sources such 

as [36] and [37]. As the rating of a likert scale is the same as analyzing the frequency of 

known outcomes, the chi-squared test is used to analyze the parameter ease-of-use. In 

order to conclude that the inferences drawn from observed values are statistically 

significant and not merely a coincidence, the chi-squared test is used. The following 

subsections describe each hypothesis in detail. 

5.2 H1: Accuracy 
One of the primary objectives of proposing ATF as an alternative to MTA was to 

make the process of non-functional testing error-free with minimum time possible. 

Hence, as described in 3.3.2.1, the commonly committed errors were recorded for each 

participant while using MTA. The entire process was automated while implementing 

ATF, resulting in a reduction of average number of errors from 3 to 1. The errors 

occurred during implementation of ATF were those caused by incorrect path location. 

These could be easily rectified with the help of log files prompted during 

implementation of ATF that are otherwise not available while implementing MTA. 

When the obtained results are plotted as a graph (see Appendix 1 and Appendix 2), it 

nearly follows a normal distribution. Using the paired T-test, the p-value is calculated 

as 0.0114. As this is lesser than 0.05, the null hypothesis is rejected. Table 6 and Table 

7 summarize the results obtained during the experiment. Hence, the average number of 

errors is reduced by using ATF. 

Number of errors observed 

while executing MTA CDF Expected Z-Value 

0 0.033333333 -0.539130015 -1.833914636 

0 0.1 0.486673626 -1.281551566 

1 0.166666667 1.07005024 -0.967421566 

2 0.233333333 1.514845474 -0.727913291 

2 0.3 1.892792806 -0.524400513 

3 0.366666667 2.233956022 -0.340694827 

3 0.433333333 2.554867615 -0.167894005 

3 0.5 2.866666667 -1.39146E-16 

3 0.566666667 3.178465718 0.167894005 

3 0.633333333 3.499377311 0.340694827 

3 0.7 3.840540527 0.524400513 

4 0.766666667 4.21848786 0.727913291 

4 0.833333333 4.663283093 0.967421566 

4 0.9 5.246659707 1.281551566 

8 0.966666667 6.272463349 1.833914636 

 

2.866666667 Mean 

1.857118437 SD 

15 Count 

0.983077469 Skew 

Table 6 Results analysis of H1- MTA 
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Number of errors observed 

while executing ATF CDF Expected Z-Value 

0 0.033333333 -0.744875414 -1.833914636 

0 0.1 -0.179171248 -1.281551566 

0 0.166666667 0.14254586 -0.967421566 

0 0.233333333 0.387838923 -0.727913291 

0 0.3 0.596267098 -0.524400513 

1 0.366666667 0.784409784 -0.340694827 

1 0.433333333 0.961384224 -0.167894005 

1 0.5 1.133333333 -1.39146E-16 

1 0.566666667 1.305282443 0.167894005 

1 0.633333333 1.482256883 0.340694827 

2 0.7 1.670399569 0.524400513 

2 0.766666667 1.878827744 0.727913291 

2 0.833333333 2.124120807 0.967421566 

3 0.9 2.445837914 1.281551566 

3 0.966666667 3.011542081 1.833914636 

    

1.133333333 Mean 

1.024152766 SD 

15 Count 

0.530687773 Skew 

Table 7 Results analysis of H1- ATF 

5.3 H2: Time taken to conclude the test 
The time taken to run a test case is longer using MTA, as compared to ATF. As 

summarized in Table 8 and Table 9, the average time taken to run a test case is decreased 

by more than 15%, which translates to nearly 8 minutes. The values collected were 

plotted using graphs (see Appendix 3 and Appendix 4). As the data approximately 

follows a normal distribution, the paired T-test was used to determine if there is really a 

statistical significance in the difference between the time-taken during each technique. 

The p-value obtained after calculation was 0.011. As this is less than 0.05, the second 

null hypothesis is rejected. Thus, it can be statistically concluded that implementing ATF 

reduces the average time taken during testing. 

Time taken using MTA CDF Expected Z-Value 

60 0.03333333 48.29869326 -1.83391464 

61 0.10000000 55.97951973 -1.28155157 

61 0.16666667 60.34762134 -0.96742157 

61 0.23333333 63.67807843 -0.72791329 

62 0.30000000 66.50800392 -0.52440051 

63 0.36666667 69.06250398 -0.34069483 

67 0.43333333 71.46536761 -0.16789400 

69 0.50000000 73.80000000 0.00000000 

72 0.56666667 76.13463239 0.16789400 

74 0.63333333 78.53749602 0.34069483 
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75 0.70000000 81.09199608 0.52440051 

94 0.76666667 83.92192157 0.72791329 

95 0.83333333 87.25237866 0.96742157 

96 0.90000000 91.62048027 1.28155157 

97 0.96666667 99.30130674 1.83391464 

    

74 Mean 

13.9053946 SD 

15 Count 

0.80008116 Skew 

Table 8 Results analysis of H2- MTA 

Time taken using ATF CDF Expected Z-Value 

58 0.03333333 58.46735162 -1.83391464 

60 0.10000000 59.69199867 -1.28155157 

61 0.16666667 60.38845793 -0.96742157 

61 0.23333333 60.91947298 -0.72791329 

61 0.30000000 61.37068222 -0.52440051 

62 0.36666667 61.77797705 -0.34069483 

62 0.43333333 62.16109466 -0.16789400 

62 0.50000000 62.53333333 0.00000000 

62 0.56666667 62.90557201 0.16789400 

63 0.63333333 63.28868961 0.34069483 

64 0.70000000 63.69598445 0.52440051 

65 0.76666667 64.14719369 0.72791329 

65 0.83333333 64.67820874 0.96742157 

66 0.90000000 65.37466800 1.28155157 

66 0.96666667 66.59931505 1.83391464 

    

62.53333333 Mean 

2.21710522 SD 

15 Count 

-0.02897287 Skew 

Table 9 Results analysis of H2- ATF 

5.4 H3: Ease-of-use 
More than 60% of the participants rated that ATF was easier to use as compared to 

MTA. The data collected through questionnaire were tested for significance using Chi-

square test. Since the test involved finding significance in difference in observed values 

to expected values, the Chi-square test was selected. The p-value computed was 0.004. 

As this is less than the selected confidence interval of 0.05, the third null hypothesis is 

rejected. Thus, it can be said that ATF is perceived superior in terms of ease-of-use from 

the perspective of a software tester. Table 10 illustrates the results obtained.  
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Rating Observations Percentage 

1 0 0.00 

2 2 13.33 

3 4 26.67 

4 5 33.33 

5 4 26.67 

Table 10 ATF rating of ease-of-use 

5.5 H4: Time spent by tester 
There is an apparent reduction in the average time spent by a tester during the 

execution of a test case. The average time spent by a tester is reduced to 7 minutes while 

using ATF as against 24 minutes while using MTA. This is a reduction of 70% of time 

spent by a typical tester. Table 11 and Table 12 present the statistical analysis of the test 

results. As the values follow a normal distribution (see Appendix 5 and Appendix 6), a 

paired T-test was applied to test the hypothesis for significance. The p-value was 

computed to be 0.00000001. Since this value is far lesser than the chosen alpha value of 

0.05, the null hypothesis is rejected. This outcome can be seen as an obvious implication 

of reduction in the overall time taken to run a test case, as discussed in H2. Thus, it can 

be concluded that there is a statistically significant difference in the time spent by testers 

using ATF and MTA. Also, it can be said that while using MTA, the testers had to 

continually monitor the test progress during the entire testing process. Whereas, while 

using ATF, the testers only had to attend the test during the beginning of the test. Hence, 

the average 24 minutes spent while using MTA were interspersed throughout the test. 

However, the 7 minutes average time spent while using ATF were at the initial stages 

of the test. 

Time spent using MTA CDF Expected Z-Value 

17 0.03 14.67 -1.83 

18 0.10 17.52 -1.28 

18 0.17 19.14 -0.97 

20 0.23 20.38 -0.73 

20 0.30 21.43 -0.52 

21 0.37 22.37 -0.34 

21 0.43 23.27 -0.17 

24 0.50 24.13 0.00 

26 0.57 25.00 0.17 

26 0.63 25.89 0.34 

26 0.70 26.84 0.52 

30 0.77 27.89 0.73 

30 0.83 29.13 0.97 

32 0.90 30.75 1.28 

33 0.97 33.60 1.83 

    

24 Mean 

5.162256 SD 

15 Count 

0.313356 Skew 

Table 11 Results analysis of H4 -MTA 
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Time spent using ATF CDF Expected Z-Value 

5 0.03 3.33 -1.83 

5 0.10 4.54 -1.28 

5 0.17 5.22 -0.97 

6 0.23 5.75 -0.73 

6 0.30 6.19 -0.52 

6 0.37 6.59 -0.34 

6 0.43 6.97 -0.17 

6 0.50 7.33 0.00 

7 0.57 7.70 0.17 

8 0.63 8.08 0.34 

8 0.70 8.48 0.52 

9 0.77 8.92 0.73 

10 0.83 9.44 0.97 

11 0.90 10.13 1.28 

12 0.97 11.33 1.83 

    

7 Mean 

2.1807236 SD 

15 Count 

0.8965387 Skew 

Table 12 Results analysis of H4 –ATF 
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6 DISCUSSION 
The type of testing technique used during software testing is one of the contributing 

factors affecting the quality of an application. However, it is challenging to select the 

appropriate method that best suites the nature of application being developed. Safety 

critical applications demand for high reliability, while e-commerce applications require 

ninety five percent up-time [6] [8]. Hence, it is a tradeoff that a software organization 

has to make when it comes to the types of tests to be conducted during a testing phase. 

Since testing a system for all non-functional attributes will only prove to be costly and 

time-consuming, it is recommended to plan the testing phase with only those types of 

tests that matter to the functioning of the application. Thus, an informed decision must 

be taken in terms of selecting the suitable tests for an application, as some systems 

require load testing while others need stress testing. 

In this paper, an automated testing technique was proposed and compared against 

the existing manual test approach. The criteria of study were accuracy, time-taken and 

ease-of-use. But, these are neither exhaustive nor all-inclusive factors that are sufficient 

to determine the most suitable approach. Often, several other factors such as the project 

budget, time given for testing phase and the human resource available to the 

organization, play key role in planning the testing phase. Nonetheless, to reduce the 

overall costs incurred, it is better to follow automated test approaches that minimize the 

time taken during testing and improve accuracy. Also, the choice of criteria selected in 

this study are justified based on previous empirical evidence as presented in [24].  

Based on the experiment results, it can be said that ATF is adaptable to any project. 

The primary reason behind such an observation is that the way the test commands are 

generated are similar to written and spoken English such as 

“loadUsers.WithBatchID(“B1”).on(sut1)”. The builder pattern technique is used as a 

standard of coding which enhances the readability and improves comprehension of 

functionalities. 

6.1 Inferences from hypotheses 
In order to test the hypotheses for significance, statistical techniques were used in 

this study. The paired T-test was applied to analyze hypotheses related to accuracy, time 

taken to conclude the test and time spent by the testers during a test. Whereas, Chi-

squared test was performed to analyze ease-of-use. Based on the results obtained, the 

following inferences are drawn. The reflections stated below are with reference to the 

stated hypotheses in section 3.3.4: 

H1 is about assessing the accuracy of the two methods. As indicated by the results 

of the experimental study, there is a reduction in the number of errors that occurred 

during the execution of a test. Thus, by rejecting the null hypothesis, it can be stated that 

there is a significant difference in accuracy between MTA and ATF. 

H2 and H4 deal with the time factor associated with the implementation of MTA 

and ATF. While H2 explores the total time taken to execute a test case, H4 captures the 

actual time spent by testers during the execution of the test. Both the hypotheses were 

equally important to conclude that ATF is superior to MTA in terms of reducing the 

time consumption in a testing process. H4, in particular, provides the evidence to claim 

that effective resource management is feasible while using ATF. This can be achieved 

only because of the reduction in the time a typical tester spends during a test. Since the 

entire process of testing is automated, very little attention of the tester is required during 

the actual test. 

However promising a tool is, in terms of the features offered, it is equally important 

that it is usable by the end users. Hence, to evaluate ATF in terms of ease-of-use, H3 

was postulated. All participants rated ATF during a post-test activity. The results 



 

29 

 

gathered from the questionnaire were used to conclude that ATF was superior to MTA 

in terms of usability. This refers to the advantages offered in the form of detailed test 

logs and prompt messages during the implementation were considered as assets by the 

participants. Hence, the rejection of the null hypothesis leads to the conclusion that ATF 

is easier to use as compared to MTA. However, it must also be noted that two of the 

participants have rated MTA to be easier to use as compared to ATF. This unusual 

observation can be explained on the basis of participants understanding of the term ease-

of-use. In cases where there is less difference in overall time taken to run a test and no 

significant reduction in number of errors that occur during a test, the participants 

concluded that ATF was not a better solution, thus rating MTA to be easier to use. Since 

ease-of-use is largely based on individual’s perception, it is necessary to consider these 

results too. Accordingly, the threats posed by such results is stated in section 6.2.2. 

6.2 Threats to Validity 
According to the academic findings as presented in [28], [30] and [33], the positivist 

approach in experimental designs suffer from threats to the validity of the observed 

results. Therefore, it is important to consider them and take necessary mitigation 

strategies in order to increase the validity of the conclusions inferred from this study. 

The following sub sections discuss the threats associated with the present study. 

6.2.1 Construct Validity 

In order to establish the validity of the obtained results and ensure that they are a 

direct outcome of theory and practice, it is essential to address the construct validity. 

Following are the precautions taken during the design of the experiment which help to 

accept or reject the stated hypotheses: 

i. All the selected participants, except two, roughly carry the same experience in the 

field of software testing. Hence, it is assumed that the participant experience 

wouldn’t affect the experiment. 

ii. An educative session was conducted before the start of the experiment in order to 

brief the participants about the type of non-functional tests being undertaken. This 

is done to ensure that all the participants had the same understanding of the test cases 

throughout the experiment. 

6.2.2 Internal Validity 

To minimize the effect of confounding variables, which can influence the gathered 

results, the following factors were considered during the experiment: 

i. After the pilot test, it was noticed that the participants preferred the experiment to 

be conducted during the morning session, to post-lunch afternoon session. This 

indicated that the subjects were significantly influenced by the fatigue effect that 

might, in turn, affect the results. As a result, the actual experiment was conducted 

during the first half of the day. Hence, it is assumed that there is no influence of 

participant fatigue on the study. 

ii. The subjects in the experiment might have an inclination to one of the treatments 

and thus pose as an internal threat to validity. Although all the participants are 

informed about the two testing approaches in order to control this threat, it could 

still prevail and is hence reported here. 

6.2.3 External Validity 

The generalizability of the results and conclusion is not seen as a potential threat to 

the experiment as the chosen subjects are professional software testers. Since the 

solution discussed in this paper is aimed at improved efficiency from the perspective of 

a typical software tester, it can be said that conclusions drawn in this study would be 

applicable to a higher population. However, it is assumed that the selected participants 
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at Ericsson are representative of the software testers in general and thus, not vary in 

perception, when compared to testers from other software organizations. It is rather 

unlikely that a reduction in time taken during testing is seen as an advantage by one 

company and a drawback by the other. Hence, the generalization of the experiment 

results and conclusion can be extended to all software testers. 

6.2.4 Reliability 

The entire process of this experimentation is properly documented. This is aimed at 

maintaining the level of detail required to repeat this study. Also, the statistical 

techniques used for the data analysis are sufficient to draw relevant conclusions. A pilot-

experiment was conducted prior to the actual implementation of the experiment in order 

to increase the reliability of the results. Lessons learnt from this pre-test were 

incorporated in the experimental design. Thus, these mitigation strategies were taken to 

reduce statistical errors and biases, if any. However, due to the limited number of fifteen 

participants involved in this study, there could be a threat of low statistical power. 
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7 CONCLUSION 
It can be concluded that the proposed automated test framework significantly 

improves the process of non-functional testing. A significant reduction in the frequency 

of errors can be evidently seen. This is one of the features that participants had 

considered as an advantage while rating ease-of-use. The log reports generated during a 

test, visually aid the tester to understand and analyze the test results. These are otherwise 

not available in the manual test approach. With the exception of two participants, the 

majority of the experiment subjects rated ATF to be easier to use. The rating given by 

these two participants was due to difference in the understanding of the term ease-of-

use. In cases when time taken to conclude a test was almost equal while using the two 

testing techniques, the subjects rated MTA to be superior to ATF. Thus, after evaluating 

the two testing techniques using suitable statistical methods, all the stated null 

hypotheses were rejected and as a result, the alternate hypotheses were accepted. The 

results imply that the automated test framework is superior to the manual test approach 

in terms of reducing the time taken to run a test, the number of errors that occur during 

a test and in terms of ease-of-use. 

Although the automated approach is superior to the manual approach in terms of 

reducing the time taken to run the test, it can be said that there is a scope for further 

improvement. The observed results have an effect of the “wait()” and “sleep()” 

commands in the code. This is a sanity check to ensure that the program runs smoothly. 

Further, it can be concluded that ATF is an effective tool to perform load testing. 

With its integration to load testing tools such as JMeter, SOAP UI it is easy to run load 

tests on any application. This has a positive implication in terms of reducing overall 

costs required to perform non-functional testing. As indicated by the reduction in time 

spent by the testers during the execution of a test, it can be said that same results can be 

attained with minimum human intervention. 

The contributions made to the field of software engineering through this study is a 

rudimentary effort in automating non-functional testing. This can be perceived as an 

advantage to many software organizations of different domains. Since the test 

framework is interoperable across various platforms, it can be said that the solution 

proposed in this study can handle diversified software applications. Also, the builder 

pattern technique used in implementation of the framework makes every test case easy 

to comprehend, thus improving the readability. As a result, besides telecom companies, 

such as Ericsson where the study was conducted, the automated test framework can be 

adopted by e-commerce applications too. Since non-functional testing primarily 

involves simulation of virtual requests, which is achieved by software tools such as 

JMeter and SOAPUI, the automated test framework can accommodate such relevant 

commands. 

7.1 Future Work 
As a part of future work, the framework can be integrated with other testing tools 

available. Selenium, a testing tool widely used in GUI testing, if integrated with ATF 

can handle regression testing too. This will ensure end-to-end testing process of white 

box, black box and grey box testing. Scripts that can handle setup and configuration of 

server and database can be included into ATF. Such an improvement is suggested with 

an aim to develop an all-inclusive and exhaustive automated testing tool that 

encompasses different types of tests. 

The current study had a main focus on evaluating a test framework against the 

traditional manual test approach. This involved achieving the same results as those 

obtained from manual approach, but with an enhancement in terms of improved 

accuracy and reduced time to test. Hence, it can be seen that the application being tested 

for performance is not examined thoroughly. Although the framework is designed to 
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adapt and tailor according to needs of any application, there might be a case in which 

specific characteristics of an application need to be considered. Therefore, based on the 

application’s domain, as defined by the industry standards, all necessary system 

parameters need to be captured by conducting a systematic literature review, as a part of 

future work. The framework must be developed and designed such that with a set of 

inputs, required output is obtained in the form of suggestions on system’s expected 

performance depending on the domain of application. 
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APPENDIX 

 

Appendix 1 Distribution of errors obtained using MTA 

 

 

Appendix 2 Distribution of errors obtained using ATF 
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Appendix 3 Distribution of time taken to conclude the test using MTA 

 

 

Appendix 4 Distribution of time taken to conclude the test using ATF 
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Appendix 5 Distribution of time spent by tester using MTA 

 

 

Appendix 6 Distribution of time spent by tester using ATF 
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Appendix 7 Configuration of equipment used in the experiment 

Device Type Hardware Specification Software Specification 

Server: Web server and 

database server 
 Jenkins server.  Linux OS 

Work station 1 

 Processor: Intel Xeon 

2.20 GHz (dual 

Processor) 

 RAM: 8GB 

 Hard disk: 80GB 

 Windows Enterprise 

 Eclipse Luna 

 Java version: 1.8.0_31 

 

Work station 2 

 Processor: Intel Xeon 

2.20 GHz (dual 

Processor) 

 RAM: 8GB 

 Hard disk: 80GB 

 Windows Enterprise 

 Eclipse Luna 

 Java version: 1.8.0_31 

 

Work station 3 

 Processor: Intel Xeon 

2.20 GHz (dual 

Processor) 

 RAM: 8GB 

 Hard disk: 80GB 

 Windows Enterprise 

 Eclipse Luna 

 Java version: 1.8.0_31 

 

Work station 4 

 Processor: Intel Xeon 

2.20 GHz (dual 

Processor) 

 RAM: 8GB 

 Hard disk: 80GB 

 Windows Enterprise 

 Eclipse Luna 

 Java version: 1.8.0_31 

 

Work station 5 

 Processor: Intel Xeon 

2.20 GHz (dual 

Processor) 

 RAM: 8GB 

 Hard disk: 80GB 

 Windows Enterprise 

 Eclipse Luna 

 Java version: 1.8.0_31 

 

Work station 6 

 Processor: Intel Xeon 

2.20 GHz (dual 

Processor) 

 RAM: 8GB 

 Hard disk: 80GB 

 Windows Enterprise 

 Eclipse Luna 

 Java version: 1.8.0_31 

 

Work station 7 

 Processor: Intel Xeon 

2.20 GHz (dual 

Processor) 

 RAM: 8GB 

 Hard disk: 80GB 

 Windows Enterprise 

 Eclipse Luna 

 Java version: 1.8.0_31 

 

Work station 8 

 Processor: Intel Xeon 

2.20 GHz (dual 

Processor) 

 RAM: 8GB 

 Hard disk: 80GB 

 Windows Enterprise 

 Eclipse Luna 

 Java version: 1.8.0_31 

 

Work station 9 

 Processor: Intel Xeon 

2.20 GHz (dual 

Processor) 

 RAM: 8GB 

 Windows Enterprise 

 Eclipse Luna 

 Java version: 1.8.0_31 
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 Hard disk: 80GB 

Work station 10 

 Processor: Intel Xeon 

2.20 GHz (dual 

Processor) 

 RAM: 8GB 

 Hard disk: 80GB 

 Windows Enterprise 

 Eclipse Luna 

 Java version: 1.8.0_31 

 

Work station 11 

 Processor: Intel Xeon 

2.20 GHz (dual 

Processor) 

 RAM: 8GB 

 Hard disk: 80GB 

 Windows Enterprise 

 Eclipse Luna 

 Java version: 1.8.0_31 

 

Work station 12 

 Processor: Intel Xeon 

2.20 GHz (dual 

Processor) 

 RAM: 8GB 

 Hard disk: 80GB 

 Windows Enterprise 

 Eclipse Luna 

 Java version: 1.8.0_31 

 

Work station 13 

 Processor: Intel Xeon 

2.20 GHz (dual 

Processor) 

 RAM: 8GB 

 Hard disk: 80GB 

 Windows Enterprise 

 Eclipse Luna 

 Java version: 1.8.0_31 

 

Work station 14 

 Processor: Intel Xeon 

2.20 GHz (dual 

Processor) 

 RAM: 8GB 

 Hard disk: 80GB 

 Windows Enterprise 

 Eclipse Luna 

 Java version: 1.8.0_31 

 

Work station 15 

 Processor: Intel Xeon 

2.20 GHz (dual 

Processor) 

 RAM: 8GB 

 Hard disk: 80GB 

 Windows Enterprise 

 Eclipse Luna 

 Java version: 1.8.0_31 
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Appendix 8 Test case description using ATF 

Test Case Description 

3932: TC01_SimultaneousTasks_Scenario1 

Summary: 

Capture system Statistics for the following simultaneous tasks: system should have at least 

150 million users. Simultaneous traffic usage of 50 users per second. Generating billing 

reports with 20 repeats on all three nodes. State change of report on all three nodes. Attribute 

change on node 1.  Update bill on all three nodes. Create snapshot and move to DB for 

backup. Transaction result on node 3. 

Preconditions 

# Step actions Expected Results Execution Verdict 

1 Open the test 

case in Eclipse-

>Run as Junit. 

The results must 

be displayed on 

the test portal 

Verify that the following parameters are 

displayed on the test portal: Test case 

name, load average of server, CPU 

utilization and network traffic 

Automated Pass 

 

Status: Final  Importance: High 
Estimated exec. 

(min) 
4 
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Appendix 9 Test case description using MTA 

Test Case Description 

3933: TC01_SimultaneousTasks_Scenario1 

Summary: 

Capture system Statistics for the following simultaneous tasks: system should have at least 

150 million users. Simultaneous traffic usage of 50 users per second. Generating billing 

reports with 20 repeats on all three nodes. State change of report on all three nodes. Attribute 

change on node 1.  Update bill on all three nodes. Create snapshot and move to DB for backup. 

Transaction result on node 3. 

Preconditions 

# Step actions Expected Results Execution Verdict 

1 Open the billing system’s command line 

interface. Using login credentials run the 

following commands sequentially [Note: 

replace “sut1”, “sut2” and “sut3” with IP 

address of corresponding nodes on which 

billing system is hosted]: 

- createUsers(1500000000) 

- loadUsersWithBatchID(“B1”) 

- xmlRPCrequestSender(“traffic.xml”) 

- reports.generate.stateChange(sut1) 

- bill.refresh(sut1) 

- bill.refresh(sut2) 

- bill.refresh(sut3) 

- database.moveToBackup(sut1) 

- transaction.result.generate.on(sut3) 

Verify that the 

following 

parameters are 

displayed on the 

billing system’s 

GUI: Test case 

name and time of 

execution. 

 

Login in a different 

session to the server 

and run the 

commands to 

analyse the 

following 

parameters: load 

average of server, 

CPU utilization and 

network traffic 

Manual Pass 

 

Status: Final Importance: High 
Estimated 

exec. 

(min) 

7.5 
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Participant Gender Age 

Years of 

Experience 

in 

Software 

Testing 

1 Male 28 7 

2 Male 30 6 

3 Male 21 1 

4 Male 22 2 

5 Male 29 7 

6 Male 30 8 

7 Male 32 10 

8 Male 27 4 

9 Female 29 6 

10 Female 30 7 

11 Female 25 3 

12 Female 24 3 

13 Female 33 9 

14 Female 24 3 

15 Female 32 8 

Appendix 10 Participants Description 
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Date:     

  

Participant 

Name:   

  

S.No Description of Error 

    

    

    

    

    

    

Appendix 11 Field notes used to gather data related to accuracy 

 

Date:     

Participant # Time taken 

    

    

    

    

    

    

Appendix 12 Field notes used to gather data related to time taken 
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Appendix 13 Questionnaire to rate ATF ease-of-use 

 

 

Appendix 14 Performance Test Results- Server Memory Utilization 
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Appendix 15 Performance Test Results- Server CPU Utilization 

 

 

Appendix 16Performance Test Results- Load Average 

 

 


