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Abstract

Software testing is the most expensive task. It takes more than 50% of software development

cost. It is also laborious and time consuming activity [2, 13]. Software testing can be

accomplished by two ways i.e. manual and automated. Manual software testing incurs more cost,

resources and time. It can affect the quality of the software product. Software quality can be

improved through testing. As software quality is very important for success of the system. So

automated testing can be used in some part of testing work to improve the effectiveness, quality

and to reduce time and testing resouces. Thus, it can reduce software testing cost. There are

certain benefits and challenges associated with the use of automated software testing.

Awareness of advantages and challenges of automated software testing is necessary before using

them in the projecs. Therefore, we conducted an industrial survey of the IT market of Pakistan

to find out the benefits and challenges in the implementation of automated software testing.

Moreover we also found out testing tools available in literature and their implementation in

industry. Then, we analyzed the gaps between literahre and practices.

Through t}re results of the study, it is concluded that in local industry of Pakistan "Automated

Software Testing (AST) "has been introduced for the last few years. And some gaps have been

identified between literature and practices. There is need of further research in automated

software testing. The challenges should be solved to make AST process more effective.

-8-
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Chapter I

INTRODUCTION

l.l Background of the Research

Software systems are becoming increasingly important in all areas of life. The

development ofa software product quality is not an easy task. One of the key challenges

that software industry has been facing for last few decades is to develop a quality

software product within time and budget [34]. The quality of software product can be

ensured through testing.

Software testing plays an important role to improve the quality of the software product

and is one of the most important phases of development life cycle []. Today software

testing has become an essential part of any organization delivering some products to

customers. However, it is very time consuming and costly activity [37]. It has been

proved through literature that for software testing at least fifty percent of the software

development cost is being paid [2, 4,35, 36]. Software testing should be cost effective

and eflicient process of any competitive organization.

There are two ways of performing software testing; manual and automated [7]. Manual

testing is very laborious and time consuming activity. It takes too many resources for

testing the software. Hence it incurs more cost. Due to time, cost and resource problems

extensive software testing is impossible [3, l4]. Therefore it affects the quality of the



software. When quality of software suffers it leads to its failure as well as of Software

Company that develop that software.

Efficiency of software has been improved through automating some parts of the testing

work, in which software tester can concentrate on significant software features or more

complicated cases, putting down recurring tasks to the test automation system. Through

automation human resources may be used more efficiently, which accordingly may throw

into more comprehensive testing or savings in testing process and on the whole

development budget [3].

The two most important goals of software engineering research are; attenuation of cost

and betterment in quality of software product [4]. And software testing acquires most of

the software development cost and helps in improvement of quality. Thus introduction of

automation infrastructue in testing can meet these two objectives [4]. Automated testing

decreases time, cost and resources [16]. Hence it improves the quality of software by

testing it thoroughly. It reduces cost and improves quality because it does lot of testing in

less time [5].

Automated testing is generally appropriate to recurring jobs such as unit testing and

regression testing; in which when changes are made tests cases are executed [3]. The

predominantly tasks that are automated in testing are test case creation, execution and

confirmation of testing outcomes. Automated software testing is not appropriate for non-

recurring tasks. For non-recurring tasks manual testing is more appropriate because

development of automated software for testing is very extensive task and it is only

possible when a task is repeated several times [6]



Hence the most important perceived reason of the adoption of automated testing is

quality improvement through better test coverage and thorough testing of software can be

done in less time [7,39]. There are also several challenges related to automated software

testing and some researches dream 100% automated testing but Bach analyze that 100%

automated testing is not possible because all automation at the end requires human

intervention for example to analyze the results, maintenance of automation cases etc [15].

Automated testing is being adopted by Pakistan software industry. Some companies keep

continue the application of automated testing and some companies do not find it useful.

Hence it is very beneficial to get the experience of software industrialist regarding the

pros and cons of automated testing and to share those facts.

The study focuses on the literature survey reporting the issues and benefits of automated

testing and the testing tools mentioned in the literature. we have uncovered the benefits

and challenges of automated testing through literahre and also uncovered the tools

related to different phases of testing mention in literature with their benefits and issues.

To validate the results with respect to practice, we have conducted a survey regarding the

issues and benefits of automated testing and adoption of automated testing tools in

software development companies of Pakistan. Hence the similarities and differences of

benefits and challenges of automated testing and automated tools in literature and

experienced by professionals have been explored.

1.2 Research Statement

This research is intended to deal with Automated Software Testing benefits, challenges



and tools. The main question to address is "what is the current position of Pakistan's IT

industry in Automated Software Testing?"

Followings are the list of sub-questions to support main research questions:

i. What are the Benefits of automated software testing with respect to literature

and Practices?

ii. What are the Challenges of automated software testing with respect to

literature and Practices?

iii. Which software testing tools are generally utilized in Pakistan IT industry?

The challenges and benefits of automated testing were identified by conducting a

Literature Review of automated software testing up to 201 1 .

The practice of automated testing adoption considering challenges and benefits in

Pakistan IT market was addressed by conducting a survey in software industry of

Pakistan. The professionals were asked to fill the questionnaires related to automated

software testing practices and their benefits and challenges. Based on the fiequency

of reported issues and benefits, a list ofissues and benefits has been generated.

1.3 Objectives of the Research

The research study is aimed to achieve following set of objectives to address the

issues and problems mentioned before:

i. Review the existing literature on Automated Testing regarding their benefis

and challenges plus automated testing tools

ii. Locate the status ofpractices of Automated Testing in Pakistan IT market.



iii. The literature survey (LR) published up to 201I was considered to report the

benefits and challenges of automated software testing practices plus testing

tools.

iv. A survey of Pakistan IT market was conducted to get the apparent benefits

and challenges of automated software testing and reported automated testing

tools, based on their experience.

v. Based on the findings of LR and Survey, the differentiation in literature and

practices is reported and malyzsd.

1.4 Motivation
It is mentioned earlier that software testing has a very important role in the SDLC.

Software quality can be improved through comprehensive and through testing. But it is

not possible with manual software testing, as it incurs huge cost, time and effort.

Therefore introduction of automation in software testing can overcome this issue.

Software quality may improve tfuough automated testing with less cost, time and effort.

Similar studies have been conducted on software testing and automation testing i.e. in

Australia, Alberta and Finland [5 ] , 5]. They conducted indusrial survey and ascertained

information about software testing methodologies, testing tool, metrics and standards.

Their studies concluded that organization don't use new testing methodologies because

they have lack of expertise in new testing methodologies and high cost ofthe testing tool

[s 1]



As there are many studies related to the software testing but we have found that there no

such study which investigate and compare the software testing automation practice in

Pakistan.

The main objective of this study was to explore the status of testing automation in the

software industry. The second objective was to find out the gap between literature and

industy practices. This research study provides the information to new researchers who

want to work in this area. They can locate the most obstructing issue in adoption of tesl

automation and help to solve these problems through further research.

1.5 Significance of the Research

The important thing for accomplished this research is that

I. This study is anticipated to serve as a support or direct Software testing teams

aiming to apply the automated software testing.

lI. They can choose the automated software testing by evaluating reported issues,

characteristics or benefits and recommendations for their use.

m. Hence it helps the software organizations to choose the best and appropriate

practice or testing tool with respect to their projects.

1.6 Thesis Outline

Remaining of the thesis is orgarized as follows:

Chapter 2: The second chapter provides a comprehensive literature review of

Automated Software Testing benefits, challenges and tools.

Chapter 3: Third chapter states problem statement and the existing

concepts used in this research work.

Chapter 4: Fourth chapter discusses the research methodology. In this chapter;

detail about the research methodology has been defined.



Chapter 5: The fifth chapter provides the results and analysis of the

research study.

Chapter 6: The conclusion has been provided in sixth chapter of this research

thesis.

The contributions of this research work have been discussed in a neutral way. A

discussion has been made on how the contributed work answer the research

question posed in the first chapter.



Chapter 2

LITERATURE REVIEW

2.1 Introduction
This chapter outlines and describes the Automated Software Testing (AST), the benefits

and challenges of AST. It also presents the overview of various software testing tools

related to web application testing. Next it describes the features, application and use to

software testing tools with regard to testing t)?es and levels.

2.2 Automated Software Testing

Automated Software Testing is to use the software to manage the execution of

tests, comparing actual results with estimated results, the establishment of test

conditions and test control and test reporting functions [20]. In general, test

automation involves automating a manual process already in place that uses

a formal testing process. By definition [3,12] Automated Software Testing implies

automation of testing activities, including development and execution of

test scripts, verification oftest requirements, and the make use of automated testing tools.

According to them [3,12], causes of using Automated software testing includes, such as

manual testing is time consuming, and the test

automation improves effrciency particularly in regression testing, where tests

are executed repeatedly after formulating modifications to the software. Manual testing

is a feasible way out when automation is not cost effective. Software Testing

8



automation, where appropriate, to reduce tJre perceived software testing costs, according

to [2, 40] it is estimated that it may take more than 50% of the total software

development effort.

A case study has been conducted by Karhuet.al [7]; they found different factors that can

affect the test automation. These factors are related to the test automation that which type

of application can use testing automation, or in the other sense what are the limitations of

the test automation. They chose different organization development as a c.rse study; the

organizations were from different domains of the software like telecommunication,

generic software development etc. The only limitation of this study is number of case

organization units. If variety of case organization from other domain was also covered,

then it could reveal more details about test automation.

Khaled M et.al categorized and distributed software testing tools with respect to testing

methods. They concentrated on these applications i.e. web application, application

software and network applications. And they analyzed that which type of software testing

have limited and no tools [9].L.S. Chin et.al presented a report related to information

assembled about software testing practices for computer and engineering science. They

provided brief introduction of software testing and suwey of software testing tools for

scientific applications written in FORTRAN [8].

2.3 Benefits of Automated Software Testing

Automated Testing is an important field of concem in ongoing testing research. In order

to increase the degree of automation, either by developing best practices or the



generation of test inputs, or to find support for the procedrues to automate the testing

process [14].

The two most important goals of softivaue engineering research are attenuation of cost

and betterment in quality of software product [4]. And software testing acquires most of

the software development cost and helps in improvement of quality. Thus inhoduction of

automation infrastructure in testing can meet these two objectives [4].Hence the most

important perceived reason of the adoption of automated testing is quality improvement

through better test coverage and thorough testing of software can be done in less time [7].

Automated testing decreases time, cost and resources [6]. Hence it improves the quality

of software by testing it thoroughly. It reduces cost and improves quality because it does

lot of testing in less time [5].

Automated testing is generally appropriate to recurring job such as unit testing and

regression testing; in which when changes are made tests cases are executed [3].

Automation leads to repetition and reusability of existing test scripts, with each new

build. Build is (i) a new version of the product with new functionality in the existing one,

(ii) carry out some modifications in existing functionality, or (iii) remove or fix bugs in

existing firnctionality of the product. All these three cases involve regression testing. As

regression testing involves verification that adding new features, bug fixes and

modifications did effectively fix the basic problem without initiating any new bugs.

These all entails recurrence and reuse of existing test scripts with release of new build

[11]. In manual testing, such tests are very time taking, expensive, lengthy, and tedious.

10



This work is not cherished by the software testers. Automated regression testing can be

effrcient and effective than manual testing [1 1].

Reusability is the important property of the testing automation, it makes it efficient. The

reusability not only reduces effort to create new tests but also the time and cost for its

development and maintenance [0, 38].

Automated Software Testing is quick and its execution is done without human

involvement. Absolute regression testing, improve test coverage are also the strengths of

the automation. Furthermore an automatic classification, exposure oftest results, released

the tester to compact with core or other important tasks. It has the ability to test featues

of the application that were complex to test in manual testing [11].

2.4 Challenges Faced by Automated Software Testing

Automated Software Testing has various challenges besides its benefits. These challenges

can be associated to the automation or limitations of the tools. Purely automation is not

supportive to accomplish improved coverage but in the selection of test cases human

participation is required [7].

The major disadvantage of automated testing is associated to cost which includes

implementation cost, training cost and maintenance cost. Implementation cost consists of

direct investrnent cost, additional implementation time and human resource cost

[7].Implementation of automated testing is expensive and time consuming activity.

Automated testing also involves regular maintenance which incurs huge cost. Promoting

members of staff to implement new testing practices is also very significant. Automated

Testing necessitate testers to acquire training before using the new testing practices. If

11



maintenance of automated testing is overlooked, then revision of whole automated test

suite can be very costly than manual execution of the tests. Implementation cost and

maintenance cost are directly connected with each other. If reduction of maintenance

costs is considered during design of automation, implementation cost may increase and

vice versa [10].

The usage of AST also affects the type of the tested product. Automated testing is most

appropriate to generic and autonomous to intermediary software products. Because test

scripts and test automation requirements are then simpler to specif,. Customized software

products have more changeability and interfaces to intermediary systems and

consequently, it is more complex to captue test specifications as the system environment

and functionalities differ from customer to customer [7]. Various testing activities arc

hard to implement, particularly if they need wide spread area familiarity. Domain

acquaintance is noticed in the testing of customized software products. So little human

involvement in automated testing make it possible but elevated human participation is

dishonored [7].It has also been observed that the entire automated test suites necessitate

human involvement, ifonly to analyze the results and fix not working tests[15, 50].

Another major challenge being faced by test automation is technological changes; it can

be either in development and application infrastructure. If there are constant changes in

technology then automation in testing may possibly supe rseded. On the other hand,

accommodating technological changes will suffer huge maintenance cost,this is

undesirable.

12



One of the ideas of software testing is 100% automatic testing [14]. But according [7, l5]

interpretations, it cannot be accomplished. Automated software testing is not appropriate

for non-repeatable testing activities. For non-repetitive activities manual system testing is

more appropriate. Implementation of testing automation is very prevalent activity and

viable only in repetitive tasks. [7, l4].

It is observed that [ 1] the implementation of automated testing is a high threat and a

high investment project. Automated testing cost estimation models, [21] carry judgment

in the trade-off between manual and automated testing.

2.5 Automated Software Testing Tools

There are many Automated Testing tools with respect to web applications. Tools are

mostly related to functional, regression, unit, load, stress and performance testing.

Each tool has different features and application.

WASATT (Web Application Scenario Automated Test Tool) is commonly used for

functional web testing. It has one drawback that its method cannot precisely model some

properties of web application such as dynamic semantics of web application [22]

They [12] proposed a list of features that they consider that any automated testing tool

should hold. A tool which can assist analysis testers and developers to devise and develop

their test cases, execute them with least human interference and to produce reports to

establish the outcomes of the test cases. They proposed a tool named AsT, which is a

browser-based functional automated testing tool. AsT tool is still way following the

existing automated tools in terms of features. However the foremost benefit of this is the

13



time for creation and maintenance oftest cases is relatively smaller compared to the other

existing tools. It was primarily designed for HTML and PHP scripts [2].

WALTy (Web Application Load-based Testing Tool), is a set of tools that consent to the

performance analysis of web applications as they are superficial by the end users. The

proposed approach is based on a workload classification created from information taken

out from log files. The workload is created by using of Customer Behavior Model Graphs

(CBMG). This graph based formalism consent to illustrate the activities of usual users of

the web application under test. One of the most cornmon detractors to this approach is

that mock workload produced by web stressing tools is far-off from being realistic. The

use of the CBMGs might be usefirl to overcome this detractor. The key extent of WALTy

is to present an intent methodology based on the generation ofa representative mark out.

It is composed by a set of tools using Customer Behavior Model Graphs for

distinguishing web user profiles and for creating virtual users, web sessions [23].

They [24] introduced a testing tool named waRR that trace and repeat connections

between user and web application with high trustworthiness. It has two main components

i.e. waRR recorder and waRR replayer. (i) waRR Recorder is set in in the web browser

that accesses the user interactions. (ii) waRR replayer uses better developer -specific web

browser that enables realistic imitation of the users. waRR has low runtime overhead

during recording, offers high reliability and can locate bugs in real contemporary web

applications. They describe two custom scenarios that assist the developers to get better

reliability of web applications .i.e. testing web application against realistic human errors.

and the other one is the generation ofuser experience reports. It has also been mentioned

l4



that this tool facilitated in finding out bugs in widely used application such as Google

sites. WaRR uses a novel architecture, with the recording feature being a primary part of

r.- a web browser [24].

This design architechre has five advantages [24]:

i. WaRR have access to each click and keystroke of users. Therefore it has high

reliability recording.

ii. This recorder necessitates no adaptation to web application, it is easy to use.

iii. It has right to use acnul HTML code

iv. It can simply be extensive to record different sources of non-determinism.

v. It is platform independent.

There are some limitations of WaRR in addition to its enorrnous benefits e.g. as it records

every keystroke consequently it has way in to sensitive user data like passwords etc. It

has no ability to control pop-ups. It can be insufficient for reproducing bugs involving

simultaneous users because it offers single user outlook ofhow a bug was triggered. And

it cannot handle the environment it runs in. WaRR have to be complemented by server

side aid [24].

There are a few limitations of Selenium according to [24]: WaRR presents superior

recording reliability in contrast to existing tools. Existing records and replay tools such as

Selenium has squat reliability. Selenium IDE give way partial user interactions. It is not

succeeded to generate event handlers related to user actions and it have to be explicitly

installed by users. In contrast to this WaRR is a high-reliability tool that records

interfaces between user and modem web application [24].

15



Testlnv-P passive testing tool is a web security testing tool and its practice is in

particular case of 'e-tourism' web application. This is developed by Montimage. It

consents to automated analysis of the captured traces to establish if the given invariants

are satisfied or not. It is written in C language and uses the XML2 library to infer the

traces and the invariants [28].

Testlnv-P follows these steps [28]:

First of all, characterize invariants (these are amalgamation of conditions that

must be respected by system) and data of significance. This process can be made

by the expert of the system under test

The invariants are written in XML format to easily interpret by humans and

software.

iii. The defined invariants are then verified with respect to their XML schema.

iv. Finally incarcerate communication traces using Wireshark (this is a network

packet sniffing tool) and examine them using Testlnv-P tool.

Testlnv-P tool is user friendly or leam even by non initiated developers but the main

problem is regarding the invariants selection, adaption and usage. These can only be

formed by security and formalism expert. But this job can be simpler if we pass on to

other security SHIELDS models (like the mitigations of misuse cases). Furthermore the

results of the tool appear to be relatively hard to analyze and some well-known

susceptibility eradication strategies require to be added to assist the developer task. A

user interface for the tool will noticeably aid developers to better employ the tools results

(hence the presentation of the results will be better). On the other hand, the tool

ll.



formulates users more industrious in finding security defects and avoiding then possible

attacks [28].

It is reported [25] that there is no such testing tool which fully tests the web application.

So, they proposed a reusable architecture to create web application testing by extending a

well estimated architecture and applying some design pattems. The architectue includes

six subsystems, and the testing activities (e.g. Test case generation) can be accomplished

with the collaboration of these subsystems. To reveal the usability of this architecture, a

prototyped web application testing environment is constructed. But there are still some

problems revealed like various web applications are associated to databases [25].

There are various Load testing tools that make the load testing easier, faster and accurate

.i.e. Apache JMeter [26,29] is an open source Java application developed by Apache

Software Foundation. It is designed to load test functional activities and determine

performance. JMeter as formerly designed for testing web applications But since then

many new features were added therefore it can be used for example to test performance

both on static and dynamic resources. The main disadvantage of JMeter is inadequate

support for test case recording. It utilizes proxy which can only trace HTTP while

HTTPS is carried only in so called, spoofing mode. However, there are other tools which

can be used in combination with JMeter and provide HTTPS test case recording [26]

Badboy is [26, 30] a web application frrnctional testing tool. Badboy incorporates with

JMeter by permitting exporting test scripts to JMeter file format. Unluckily, there are

some limitations of such integration because both JMeter and Badboy features do not

t7



accurately equivalent and in some cases it is not likely to export items directly' In

addition, although JMeter embodies some diverse results illustrations, from tables to

graphs, results analysis is inferior in contrast to business testing tools. Charts are very

confusing and they have no clear terminology. As JMeter is an open source, free and

flexible testing tool, therefore it is considered as a great load testing tool [26]

The Grinder is also an open source testing tool for load testing and performance

meisures. [26, 3l] its scripts are written in Python programming language. The Grinder

is a Java load-testing framework making it easy to manage actions of a test script in many

procedures across many machines, via a graphical console application. The most

prominent feature of Grinder is that it has generic approach, which performs load testing

of any application that has Java API. But the major limitation of this tool is that it does

not provide the means for distributing the agents so they must be installed and started

manually on all machines [26].

WebLOAD Professional [26,32) is a RadView's commercial software for performance

web applications testing. It supports the generation of infinite load that can be circulated

over both Windows and Linux machines. It facilitates complete reporting and analysis

starting from runtime to post-test reports [26]. .

Neoload [26, 331 is also a commercial load and stress testing tool to measure the

performance of the web application. This tool is developed and maintained by a French

company Neotys. It provides check of the user response times and infrastn:cture's

statistics. It is compatible with most Web servers and application servers, and it can run
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on many operating systems. One of the most important advantages of Neoload is easy

creation oftests, which can be performed by any non expert [26].

Based on the analysis of load testing tools it was found that commercial tools such as

WebLOAD Professional or Neoload support all key feature necessary for load testing of

web application. Furthermore, open source load testing tools, such as earlier described

JMeter and Grinder, are not user fiiendly. They do not have as good technical support

and do not provide as good results analysis as commercial ones do. Yet, these tools are

adequate for any Web application load testing although technical expertise is needed to

accurately use them [26].

In contrast to JMeter, The Grinder seems to be more appropriate open source tool as it is

more flexible and has support for firll scenario recording feature. The main advantage of

using open source tool is that they are free and their code is available that can be

customized according to the requirements [26].

Testing Power Web Stress is a web stress tool for web applications. This provides

excessive tests to servers by conceming response time confined during request and

response transaction using sDLC. This tool is used to compute the response time taken

by a web server to serve client and do comparison of the results with the existing web

stress tool, called Pylot [27].
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Chapter 3

PROBLEM STATEMENT

As we have mentioned earlier that the aim of this research study is to assist software

testers in testing the software projects. They can select the better testing practices with

the help of this study.

There are two ways of performing software testing; manual and automated [7]. Manual

testing is very laborious and time consuming activity. It takes too many resources for

testing the software. Hence it incurs more cost. Due to time, cost and resource problems

extensive software testing is impossible [3, l4]. Therefore it affects the quality of the

software. When quality of software suffers it leads to its failure as well as of Software

Company that develop that software.

As testing automation is an important region of concern in present softwuue testing

research. Its obje ctive is to improve the automation, either by developing advanced

measures for creating the test inputs, or by finding support procedures to automate the

testing method [1a]. As software testing is a very important phase of Software

Development Life Cycle (SDLC). It incurs most of the software development budget.

And quality of the software product is mainly dependent on the testing. One way out for

cost reduction and quality improvement is Automated Software Testing.

As there are various research studies and reports on automation of software testing in

practice (i.e. [0, ll, 15, l9]. There seems ro be short of study that evaluates automation

testing practices in local industry of Pakistan. As there are various benefits of Automated



Software testing, which an industry should avail. Besides benefits of AST have certain

challenges as mentioned earlier. These should be considered while adopting it in the

organization.

The study helps to determine the status of automated software testing in Pakistan IT

industry. It also helps the software organizations while adopting AST with pros and cons.

For acquiring further empirical awareness about the automated software testing, an

industrial survey w.ls conducted. The study was focused on Automated Software Testing

benefits, challenges and testing tools.

Similar studies have been conducted on software testing and automation testing i.e. in

Australia Alberta, and Finland [51, 5]. They conducted industrial survey and ascertained

information about software testing methodologies, testing tool, metrics and standards. It

is concluded from these studies that organizations don't use new testing methodologies

because they have lack of expertise in new testing methodologies and high cost of the

testing tool [51]. As there are many studies related to the software testing but we have

found that there no such study which investigates and compares the software testing

automation practices in Pakistan.

The main objective of this study was to explore the status of testing automation in the

software industry. The second objective was to find out the gap between literature and

industry practices. This study provides the information to new researchers who want to

work in this area. They can locate the most obstructing issue in adoption of test

automation and help to solve these problems through further research.

For the reliability of the study, a cross check method was employed. Reliability means

that measurements are consistent with each other [47]. Literature survey was used to
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access the validity of the study. Validity means that we are achieving our objectives [47].

The organizations in the study were selected which are using Automated Software

Testing. The data was collected through questionnaire, both online and paper surveys

were utilized for acquiring data.
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Chapter 4

RESEARCH METHODOLOGY

In this chapter we will describe the research methodology. After that we give detail of the

methodology that is made to validate the hlpothesis.

4.1 Methodology Overview

Survey was used as a research methodology; it is used when you have to collect the

information about people beliefs and feelings about a particular object [52]. Survey is

most suitable when you have to assemble information directly from the people, and when

you can't study the phenomenon directly. Survey is not just gathering information

through the questionnaire etc but it is a complete system for gathering information for

description, comparison and explanation of the attitudes, practices and people beliefs

[42].

This research was conducted in order to determine status of Automated software Testing

in Pakistan's local industry. The advantages and disadvantages as well as the reliability of

this instrument were also part of the objectives. In order to answer these research goals,

we chose to obtain the view of software testers in line with this topic. particularly, more

than 100 respondents from 45 companies within Pakistan were randomly selected to

make up the sample. Selected participants answered a survey questionnaire structwe in

Likert scale format [43]. Data gathered from this research instrument were then worked

out for analysis. Along with primary dat4 the study also made use of secondary resources
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in the form of published articles and literatures to support the survey results. Figure 4-l

shows the survey process or steps of the survey. It has six steps which have to follow to

complete the study.

Survey Process:

Figure 4-l

4.2 Research Design

As there are two types of survey design [43] i.e. cross sectional survey and Longitudinal

survey. We chose Cross Sectional Survey that collect data at one given point in time.
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This type of research method is use to assemble information about the current existing

state [41]. The objective of it is to validate devised hypothesis that refer to the current

situation in order to clariff it. The approach is speedy and useful in terms of the

economical aspect [42, 48].

In this study, the descriptive research method was used so as to identifu the benefits,

challenges of Automated Software Testing as well as testing tools during the time of

research. We chose to use this research method considering the goals to obtain first hand

data from the respondents 143, 491. The descriptive method is beneficial for the

researcher due to its flexibility; this method can use either qualitative or quantitative data

or both, giving the researcher greater options in selecting the instrument for data-

gathering. The goal of the study was to find out the position of testing automation in the

local indusry of Pakistan with both the benefits and cha.llenges of automation.

4.3Instrument

The questionnaire was employed as the core data-gathering instrument for this study. The

questionnaire was divided into two major segments: a profile and the survey proper

[aa]. The profile contains socio-demographic characteristics of the respondents such as

role, experience; organization name. The survey proper sections discovered the

information regarding automated software testing including its benefits, challenges and

testing tools. It comprised of both closed-cnded and few open-ended questions. The

questions were designed using the Likert-five point Scale [43]. In this survey kind, five

options are given for each question. The options correspond to the degree of agreement

all respondent has on the specified question.



Scale:

Value Interpretation

I
.,

3

4

5

Strongly Disagree

Disagree

Neutral or Do not use

Agree

Strongly Agree

4.4 Pilot Testing

The validity of the questionnaire was checked through the five respondents. These

respondents as well as their responses were not part ofthe actual study method [45] and

were only employed for testing purpose. After the questions have been answered, tlte

respondents were for any propositions or any required improvement to guamntee more

perfection and srenglh of the questionnaire. Then survey questionnaire was revised based

on the propositions of the respondents. Irrelevant items were excluded and altered unclear

or difficult terminologies into simpler ones in order to ensure comprehension.

4.5 Survey Target Population

The study was using Quality assurance professionals as respondents from 45

organizations in Pakistan in order to gather related data; the descriptive method is then

suitable as this can allow the recognition of the similarities and differentiations of the

respondents' answers. For this study, two types of data were assembled. These

incorporated the primary and secondary data types. The primary data were obtained from
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the answers the participants gave during the survey process. The secondary data on the

other hand, were obtained from published literatures that were related to 'Automated

Software Testing'. With the use ofthe survey questionnaire and published literatures, this

study took on the combined quantitative and qualitative approach of research. By means

of using this mutual approach, it was possible to obtain the compensations of both

quantitative and qualitative approaches and overcome their limitations.

4.6 Sample Selection

Simple random sampling was made for the sample selection [a6]. This sampling method

is carrying out where all constituents of a population have an equal chance to become

element of the sample. As all constituent of the population have an equal opportr:nity of

becoming a research member, this is said to be the most proficient sampling method. The

study covered main cities of Pakistan i.e. Islamabad, Rawalpindi, Lahore and Karachi. In

which the organization using automated testing were considered.

4.7 Data Processing and Analysis

After assembling all the accomplished questionnaires from the respondents, the obtained

data was stored in the excel spreadsheet. Weighted mean of each item in the

questionnaire was ca.lculated to interpret Likert-scale [47]. Different graphs were used to

interpret the results i.e. pie chart and columns. From the saved data results were

calculated and then on these calculated results, analysis was performed.
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Chapter 5

RESULTS AND ANALYSN

In this chapter we have presented the results of the survey and finally discussed the

results.

5.1 Study Respondents

In this research study professionals mostly related to software testing were participated.

The roles of participants are i.e. Senior Software Quality Engineers (SSQAE), Testers,

Team Lead, Project Mangers, Testing Analysts, Software Test Engineer and Automating

Testing Analysts.

Survev Respondents

r SSQAE

r TESTERS

- PROJECT MANGERS

r SOFTWARE ENGINEER

= 
TEAM LEAD

. TESTING ANALYST

SOFTWAR€ TEST ENGINNER

Figure 5-l
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The percentage of Senior Software Quality Engineers was more than any other

participants, which was 51%o. The percentage of Testers, Team Lead, Project Manager,

Testing Analyst, Software Test Engineer and Automating Testing Analyst was 22%o,2o/o,

5%, 5%,2o/o, and 2% respectively.

The results are mainly related to three sections of 'Automated Software Testing' i.e.

Benefits of AST, Challenges of AST and Software Testing Tools. We will discuss each

section one by one.

5.2 Results Related to Benefits of AST

The overall responses of benefits of Automated Software Testing are shown in the figure

as below:

Overall Responses adiacent to benelits of AST

PERCENTAGE OF RESPONSES

r PERCENTOF STRONGI,Y

DISAGREE (5)

r PERCENTOF DISAGREE (2}

PERCEI'II OF NEUTRAL (3)

r PERCEMTOF AGREE (4)

= PERCET{TOF STRONGLY

0rsA6REE {5)

Figure 5-2
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The percentages ofbenefits of Automated Software Testing according to respondents are

as follows:

Agreed responses in favour of benefits of AST

AGREED RESPONSES

TESTER'S BURDEN REOUCES

IMPROVE ACCURACY

RAPIOVAUDANON

RELIABILITY

REUSABII.ITY OF TEST SCRIPTS

COMPREHI'IESIVE TESNNG

TIME REOUCNON

QUALTTY IMPROVEMENT

COST REOUCNON

70% 70x 30)6 4% SM @% 10/o W.

Figure 5-3

The figure 5-3 shows the proportion of agreed responses related to benefits ofAST.68%

respondents agreed on the cost reduction of AST, 82o/o on quality improvemenl, 92yo

agreed on time reduction, comprehensive testing has agreed response of 640/o,74o/o on

reusability of test scripts, reliability has value of 78o/o, rapid validation 54%o, accwacy

improvement 78%o md 460Z respondents ageed that tester's burden reduces with the

usage of AST.

The result shows that most of the benefits ofAST have greater percentage to agreement,

which is above 70%o. But a few has low percentage which is less than 70%. These are

cost reduction, comprehensive testing, rapid validation and tester's burden reduction.



The respondents were asked to rate the benefits of AST with the options given in the

Likert scale. The average of the responses is shown in the figure 5-4; Benefits ofAST i.e.

Comoutation of Geometric mean of items of benelits of AST

GEOMETRIC MEAN OF BEJ{EF]TS OF AST

3 4.5

E,3E 3,
E 2.5

3
I

]I

E 1.s
.1

,15

-"-:."$"X"".y.::::-":",::"'Y
cr"t.' t"tts"\i:r^+

,"{t

^f
BenefiB of AST

Figure 5-4

cost Reduction has value 3.75, quality improvement 3.94, time reduction 4.24,

comprehensive testing has value 3.43, reusability of test scripts has value 3.87, reliability

of tests got 3.73, Accuracy of results got 3.81 and tester's burden reduction has value 3. I .

These values show that all the benefits of AST tend to agreement of the respondents

except the comprehensive testing, rapid validation and tester's burden reduction. These

values tend to somewhat disagreement or neutral response of the respondents.

After taking average of responses we chose 60% as threshold. The responses less than

60%o depict the gap between literatue and industry practices. So from the above figure it

is depicted that rapid validation of changes , tester burden reduction using AST and
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comprehensive software testing have percentage less than 60%0, accordingly there is gap

between literature and industry practices.

Gap identification in Benefits of AST

AGRECD RESPONSES

TESTER'S BURDEI{ REDUCES

IMPROVE ACCUMCY

RAPIOVALIOATION

RELIABII.ITY

REUSABII-ITY OF TIST SCRIPTS

COMPREHNESIVE TESTING

TIME REDUCTION

QUALITY IMPROVEMEI{t

COST REDUCNON

v/" 10y" 2g/" 3g/" 40y" so9t @/" 70/" w" w" 1*/"

Figure 5-5

Same gaps can be proved through the geometric mean of responses of benefits of AST.

This is shown in figure 5-6. Same gaps are identified through geometric mean of

responses of benefits of AST. As comprehensive software testing, rapid validation and

tester's burden reduction due to AST, have values less than 3.5.These go to disagreement

with benefits of AST.
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5.3 Results Related to Challenges of AST

Figure 5-6 shows the overall responses of the challenges of Automated Software Testing.

Overall Responses adiacent to Challenees of AST

I PERCENTOF STRONGI.Y

DTSAGREE (s)
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Figure 5-7
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Figure 5-8 depicts the percentage of agreed responses against the challenges of

Automated Software Testing. In the view of the respondents, 60% of the respondents

viewed that AST has high developmenl cost,72%o agreed that test scripts have complex

synlax, 92Yo agreed that error in test script leads to inaccuracy in results, AST has high

maintenance cost 58%o respondents have the same opinion, 36%o and 30% has consent that

AST is appropriate to generic software products and not suitable to customized software

products respectively. It is unfit for unstable underlying technology of the products that

have to be tested, 54% respondents have the same opinion about this.36% and 56% of the

respondents agreed that AST is not applicable to non-repeatable testing tasks and high

training cost requirement respectively.

Asreed responses in favour of Challenses of AST

AGREED RESPONSES ON CHALLENGES OF AST
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Figure 5-8
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The following figure shows the weighted mean of responses of challenges of Automated

Software Testing. The respondents were asked to rate the challenges of AST with the

options given in the Likert scale. High development cost of AST has value 3.54, diffrcult

test scripts syntax 3.77, errors in test scripts leads to inaccuracy has value 4.34, high

maintenance cost 3.13, applicable to generic products has 2.71, inapplicability to

customized software products 2.39, unsuitable to underlying unstable technology has

value 3.9, non-repeatable testing tasks and high cost requirement for training has value

2.62 and 3.56 respectively.

Computation of Geometric mean of items of challenges of AST

AveraBe Responses of challenges of Automated Software Testint
Automation is not applicable to non-... GEE 2.59

unsuitable to unstable underlying technology... E& UEffiMffi g,Zt

not suitable to customized software produsts

applicable to generic software products IEElr 2.6

GIEE@re1 3.07high maintenance cost

It requires additional trained staff

High investment is needed in training 

- 

3.s

Errors in script lead to inaccuracy in testing

Writing test automation scripts is not an easy...

! Weighted Responses

2.31

3.31

High development cost &&I-* 3.49

o 0.5 11.5 22.53 3.5 4 4.5 5

Figure 5-9
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These values show that high maintenance cost, appropriation to generic products, not-

suitable to customized software products , inapplicable to non-repeatable testing tasks has

vales less that 3.5, which lie between disagreement and neutral responses of the

respondents.

Gao identification in Challenees of AST
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Figure 5-10

After taking average of responses we chose 60% as threshold. The responses less than

60% depict the gap between literanue and indusuy practices. So from the above figure it

is depicted that High cost for training, applicability of AST to non-repeatable tasks,

inappropriate to unstable technology, inapplicable to customized software products, only

applicable to generic software products and high maintenance cost have values less than

60%.
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Same gaps can be identified tlrough the geometric mean of responses of challenges o1

AST as shown in the figure below.

GEOMETRIC MEA OF CHATII GES OF AST

Figure 5-11

5.4 Automated Software Testing Tools

It was observed through results that most recurrent testing tool used in the local industry

of Pakistan is HP QuickTest Professional; Selenium an open source tool is also used in

most of the organizations. The testing tools used in the industry are mostly related to

functional, performance, load and regression testing. It is depicted that both open source

and proprietary licensed tool are being used in the industry.

The Figure 5-13 demonstrates that in the local industry of Pakistan, automated testing is

established for last few years. The organizations that are currently using automated

testing have experience ranging from three months to two years. Results depict that 60%o

of the testing work is still manual.
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AST tools used in industrv
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Respondents found that user interface testing is bit complicated and testers must have

progamming skills to write the test scripts. They notified that some tools are language

dependent. It becomes a time consuming and tedious task: to manage automated test

cases with dynamically changing requirements and continuous clients' feedback,

especially when you are following agile development methodology e.g. scrum.
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Chapter 6

CONCLUSION

6.1Conclusion

Automated Software Testing is very valuable for the software industry. It has lot of

benefits regarding the time, cost and quality of the software product as well as challenges

with respect to its usage and automation.

It is observed from the research study that in local industry of Pakistan "Automated

Software Testing (AST) "has been introduced for the last few years. The organizations

that are currently using automated testing have experience ranging from three months to

two years. From this study some gaps have been identified between literature and

practices. Literature considers 'rapid validation & tester's burden reduction' as benefits

of AST whereas the local industry does not agree with it. Literature consider "high

development cost, trained staff, product q?e and unstable underlying technology" as

challenges where as the local industry does not agree with it. It may happen that either

Pakistan software industry professionals have lack of knowledge due to very short

experience of automation or literature had not correctly report the benefits and challenges

ofAST.

There is need of further research in automated software testing. The above mentioned

challenges should be solved to make AST process more effective. The world of

automated software testing is one of the most challenging and gratifting jobs in the IT



industry. When done appropriately, automated testing is a deliberate challenge and a

match of intellect between the manual tester and an application to find out hidden bugs,

r usability issues, and so forth.
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APPENDIX

Appendix -Questionnaire

AUTOMATED SOF.TWARE TESTING: AN INSIGHT INTO LOCAL INDUSTRY

The purpose of this survey is to validate the issues, benefits and tools of automated
software testing in software development organizations of Pakistan. Based on the
frequency of occurrences, the benefits, issues and tools of automated software testing will
be prioritized. The prioritized lists are beneficial while adopting it.

Role: Company ame:

Experience in Automated Software Testint:

-YEARs-MONTHS

Automated Software Testing followed for all

projects: Yes/No

Automated Testint Tools used:

Scale:
1 = Strontly disagree
2 = Disatree
3 = Neutral or Do not use
4 = Agree
5 = Strongly agree

For each item identified below, mark the number to the right that best fits your
judgment. Use the scale above to select the number. lf you don,t know the answer,
please leave it blank.

. Benefits of Automated Software Testing 1 2 3 4 5
It reduces the cost of software testing

Software quality improves when we use the testing tools

It helps in time reduction T

Comprehensive and thorough software testing is possible I

It facilitates Reuse of test scripts

It is more reliable (Tests perform precisely the same operations each time they are
run, thereby eliminating human error)

I T a

Rapid validation of software changes with each new release of application is
possible.

r T

It increases the accuracy of testing I r
It helps the testers to focus on creative tasks I T T r I
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It requires less human knowledge for testinB the product I I I -
It decreases the burden of the tester f f f

Challenses of Automated Software Testlng 1 2 3 4 5
Automated software testing has hi8h development cost I I

Writing test automation scripts is not an easy task

Errors in script lead to inaccuracy in testing L f

The more functionality covered by automation, the more complicated the test
programming

High investment is needed in training

A lot of testing areas are left uncovered

Automation is too burdensome T

It requires additional trained staff

Automated testing cannot replace human judgement r f

It has high maintenance cost I' f I

It is only applicable to Beneric software products l I f f

It is not suitable to customized software products

It is not applicable to the products which have unstable underlying technology

Automation is not applicable to non-repeatable testing tasks

It is mainly applicable to unit and regression testing

Please inform about the Testing Tools that you are using in your Organization:

Testlnt Tool Name: ln-house/outsource/Open Source Testlnt Tool:

Duratlon ln uslnt the Testlnt Tool: Type of the Prolects (i.e. Web application, Database,

Desktop etc):
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Automated Software Testing Tools in an
Organlzatlon

Response

what benefits does it offer?

What is the cost of the automated testing tool?

What are the features of automated testing tool?

What features of testing tool are you using?

Are you using all the features of the testing tool? lf
not then why?
What parts of the testing process have you

automated or provided by tool (i.e. testcase
generation, test execution etc)?

What percentage of the testing work is purely
manual?

Does it affect the quality of software testing?

What experiences do you have regarding the usage

of testing tools?
What are the limitations of the testing tool?
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