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Abstract

Software testing is an important phase for quality software development. It constitutes up to 50
percent of the software development time and cost. Although huge amount is invested on
software development and software testing is mandatory, most software testing lack formalized
processes with the real power and flexibility necessary to adequately test software systems. This
is one of the outstanding issues that need to be further explored. In addition, by considering the
criticality of software testing and the significant time, effort and cost required, an integrated
framework needs to be developed to determine what constitutes an ideal and effective test
process in order to ensure quality software product given a resource constrained environment.
Although prior studies identified different challenges and proposed solutions, none of them have
dealt with developing software testing framework that can guide software testers towards
conducting effective and efficient software testing process in a resource constrained
environment. By applying mixed method research approach the study assessed the existing
practices, processes and challenges of software testing in the Ethiopian software companies and
proposed Software Testing Improvement Framework (STIF) which is applicable in a resource
constrained environment. The framework is structured in three major areas of challenge having
four sub-categories with proposed activities divided in three phases. The framework introduced
phased approach of software testing practices involving non-costly activities at the initial phase,
implementation of testing with minimalist approach at the second phase and full-scale
implementation at the third and advanced phase. This framework has both practical and
theoretical contributions.

Key Word: software testing, integrated software testing framework,
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CHAPTER ONE
INTRODUCTION

1.1 Background of the Study
Software has become a motivating force. The impasbftware on our society continues to be insightf
Most companies seem to understand businesses oiedrs for their daily operations, from hospiteds
universities. There is hardly a business envirorirtigat can operate in this day and age withouisot
tools. It is important that these tools are tegieaperly for the business to continue its dailyragiens.
Customers have come to rely on the functionalit§ aocuracy of software. Software testing is perhaps
the most important phase of software developméntiicle (Koskinen, 2007).
It is an assurance that the software will meetrdgopirements and function properly. Because of the
complex nature of communication between the teehnand business professionals, requirement
gathering is never a simple task and often theireopents are not properly documented. Under such
circumstance proving that the resulting softwarkiiilling the business requirements is difficultesting
or more precisely user acceptance testing (Koskid@@7) is supposed to prove that the softwardIfulf
the requirements of the business for which it indpeleveloped. This is not a reclusive or remotgbjam
but is one that various studies have pointed odtamost all software organizations are familiathwi
Many studies point out that the major cost in dgarfe project is software maintenance (Borland 6200
One factor that can reduce this cost is propeintgsSoftware testing is a broad aspect that keeps
emerging in different stages of software developgnveith different goals. Based on the ever-growing
need and application of software products fromtdegay life to mission critical systems, softwagsting
is one of the most challenging and inevitable issim companies, organizations, researchers etc
(Boeham, 2006).
Different researcher’s authors defined softwarg@rigdrom different perspectives. Software testisighe

process of executing a program or application etify that it satisfies its requirements, detecoes or
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bugs and to evaluate the features or attributewedlsas capabilities of the software (Agarwal, 2010
Alsultannyand Wohaishi, 2009; Tuteja and Dubey, 20IThe software is tested against the final
requirements documented to ensure that no feataseleft unaddressed. It is an empirical investayati
conducted to provide stakeholders with informatidaout the quality of the product or service unést,t
with respect to the context in which it is intendi&d operate(Kaner, 2006).Authors also argue that
software testing is more than just error detectitasting software is operating the software under
controlled conditions :(1) to verify that it behav&as specified”; (2) to detect errors, and (3yatidate
that what has been specified is what the user lactuanted Testing is done at every stage of the
software development, in order to verify and vakdine software. Therefore, testing is inherergvery
phase of the Software Development Life Cycle (SDM@)ich is an enforced disciplined approach.
Testing is used to ensure software quality thadles verification, validation and reliability ob&ware
products. It is the most widely used means to ensoftware quality since software quality assurance
occupies most concern in the software industryy@&hmnar et al., 2012).

There are many approaches to software testingeffettive testing of complex product is essentially
process of investigation, not merely a matter afatng and following route procedure. It is often
impossible to find all the errors in the progranmisTfundamental problem in testing thus throws open
guestion as to what would be the strategy that eeild adopt for testing. Thus, the selection ohtig
strategy at the right time will make the softwaesting efficient and effectivgKhan, 2010).

Software testing comprises of several phases libegins with unit-testing phase, a stage to lookoi
separate individual codes and the implementaticas@iwhere the software is actually tested and ends
with final acceptance of the system with acceptaesting phase. Acceptance testing is conducted to
enable a user/customer to determine whether tgppaacsftware product.

Undoubtedly, software quality and its testing ssilan art as the principles of software are quai@plex.
The complexity in software testing arises due ®gbftware coding and programming difficulty. When

comes to software testing, there are many factocomnsider for software quality assurance. Whetther
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selected testing techniques are correct for theifipsoftware, which testing types/methods needbé
used, what are the software requirements, whahiggel needs to be used for validation and verificat
how to do the code coverage testing, whether tg kumentation of testing processes etc. are all
essential aspects needed to consider to approfiefasotesting (Maneela et al., 2012).

Bug free software is an illusion and infinite tagtiis simply not a viable option. But with sciertif
software development technology, quality controtl aystematic testing framework, number of bugs
could be minimized (Boeham, 2006) Software tesisrngn important activity to improve software qualit
However, it is well known that it is costly (Yangad., 2008, and Bertolino, 2008). Thus, there ddasys
been a need to increase the efficiency of testihgewin parallel, making it more effective in testof
finding & removing defects. Measuring critical #itrtes of software testing process provides so#war
developers with further insight in to software iegtprocess framework (Bertolino, 2008) and theszaf
optimal utilization of their resources for testipgrpose.

A major concern in software testing is the costislivell known that the testing of software is time
consuming and costly process. Testing is perforomater controlled environment. Cost is involved in
testing and removing of faults and documentationngdutesting. A vast majority of software projects
over their budget. It's important to consider thietted testing budget when prioritizing the feasifor a
given release. Under this we need to consider oHewiing attributes: testing cost, duration of time
resource requirements, and training needs of tegtioup (Kapur et al., 2014).Testing is a laboemsive
process; due to the fact that its iterative produsiures complete execution of the test scriptsrder for
testers to perform efficient testing, it is essarfor them to know about the possible cause of¢lasons

in order to adjourn testing process and also tom@xa testing efficiency for any software under
development. Defining the key activities is thatfistep.

To recompense for lack of resources, the test pgocan be accustomed to provide to the limitatsats

by the operating environment; in fact, there anglists which conclude that adequate testing can be
achieved with low amount of resources, even asdewl5 percent of the requested resources(Boehm,

2006). On the other hand, it is also credible tp #®t software testing can become expensive and
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wasteful if it is done without any preceding plammni A comprehensive set of the test cases includling
possible scenarios outcomes simply cannot be dbres woftware complexity starts rising (Myers, 2004)
Finally, there is room for developing test procaénly to steer the testing practices towardsdret
efficiency and effectiveness (Bertolino, 2007). @ting the software testing from the viewpoint a$s
of investment, it is easy to understand why orgaions should pay consideration to testing acésiti
1.2 Statement of Problem
Poor software testing leads to loss of profits anen loss of life (Harter et al. 2012). U.S. orgations
lose $60 billion annually because of poor softwquality (Harter et al., 2012). The general business
problem is that inadequate software testing pr@&sessegatively affect software development
organizations’ profits (Lalit and Joel, 2015). Theecific business problem is that some quality
assurance or software tester within small softveleelopment organizations lack framework or guide
lines for successful software quality processesidgpng effective software testing framework cafphe
to overcome some of software testing problems. ArBeer and Rudolf, (2013), found that lack of
experienced personnel is one of the major reasongdmpanies to lose benefits from the industry
resulting significant negative impact in countrgg®nomy.
Javed et al., (2012) argued that most software eomp in developing countries don’'t have proper
testers. The researchers emphasized that in sofi@lese companies a developer is usually fulfillthg
responsibilities of tester which is one of the medasons of lack of software quality. Developer is
mostly ineffective when he is reviewing his own eodt will reduce quality and maintainability. On
many occasions, small companies just test the ifuradity of the software and deliver it to the arser.
By doing so they save some cost but mostly, thdityuaf the software is not up to the standard.
According to Javed et al.,, (2012) 85% of lossessaftware quality are due to lack of skilled
professionals. Software companies in developingnsitdo not follow standards like CMMI since they
lack highly skilled specialists, experts and researlike time and budget which results in comprenms

software quality.
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Most software developing companies or industrie® gnore attention to software development or
coding than software testing. Developing countdaes struggling with software quality and cannot
maintain reputation in International Market (ibi§tandards or the set of guidelines that helps to
achieve best results include CMMI and ISO but itdifficult and costly for small Software
Development Organizations to follow. As a resultoa of software crisis and failure happen.
Historically, software testing has been performednuoally and has been error-prone, time-
consuming, and costly. Effective software testingdel can overcome the deficiencies of manual
testing by designing an integrated software fram&wNirmala et al., 2013). To the knowledge of
the researchers no study has been conducted amaseftesting challenges and proposing possible
solutions by taking a resource constrained enviemminto consideration. Our preliminary
investigation indicated that many of the softwanenpanies do not strictly follow standard software
testing processes and do not apply standard methodstools. Despite the rapid expansion of
software companies in Ethiopia the qualities oftwafe products is questionable. The practice of
software testing also varies from one software camyo the other.

There is no prior study that focuses on softwasértg practices in African context in general and i
an Ethiopia situation. The purpose of this thesitherefore, to assess the existing softwarenggsti
practices, identify gaps and propose a framewaak ginides effective software testing process that
ensures quality of the software. The study willnitfy variations in software testing practices amd
the use of methods and tools and recommends agratéel framework to improve the process of
software testing by considering the prevailing.

Without adequate testing, however, there is a greak that an application will inadequately deliv
what was expected by the business users or théinddgroduct will have problems such that users
will eventually abandon it out of frustration. Intreer case, time and money are lost and the
credibility and reputation of both the developers ssoftware tester and company at large is
damaged. More formal, rigorous testing will go farreduce the risk that either of these scenarios

OCCurs.
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When we measure how and when the constraintst dffecsoftware testing process it is possible to
identify which stage in the software testing preces need to focus on and be able to make the
necessary intervention. Therefore, the framewdkkganto account different factors/constraints that
affect the process of software testing and dematestrhow effective software testing can be
conducted given the constraints. The proposed frareis based on the experience of software
testing teams from the leading Software Developm@ompanies and different standards like
CMMIi, TMMi and others.

In the course of our research different procedaras standards followed by the leading software
companies in Ethiopia will be identified and an&gavhich will serve as a basis for developing the
framework. Following the framework could enabletaaire companies to achieve effective software
testing that can ensure software quality. The fiaank also contributes to the standardization of
software testing processes.

1.3 Research Questions

The study intended to address the following reseguestions:

1. What are the existing practices and processes folvae testing in Ethiopian Software
Companies?

2. What are the major challenges that software conegaanie facing in software testing?

3. What framework can support software companies ttopa effective software testing and

ensure software quality?
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1.4 Objectives
1.4.1 General Objective
The general objective of the study is proposingngegrated framework for software testing that

enables software companies to perform effectivevswé testing under a resource constrained
context.
1.4.2 Specific Objective
The specific objectives set to achieve the gerabjgctive are to:
» assess the existing practices and processes @faseftesting in selected Software
companies in Ethiopia
» identify variations in software testing practicesdgrocesses and the major causes
for the variations
» identify the major challenges in the existing s@ftevtesting practices and processes
* propose an integrated framework that address tiséirexchallenges and standardize

the process of software testing

validate the proposed framework

1.5 Research Methodology

1.5.1 Research Approach

In order to meet the general and specific objective research applies a mixed method
approach combining both quantitative and qualitatesearch methods (Creswell et al., 2011).
The combination of different research approaches @gatasets is a form of methodological

pluralism (Hirschheim, 1985), which itself is a wiayincrease the validity of the study results
(Onwuegbuzie and Leech, 2007). Methodological filkmaallows the researcher to observe the
phenomenon from different viewpoints, and also ambine the advantages of two different

approaches (Tan and Hall, 2007).
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1.5.2 Study population and Sampling

1.5.3 Study population

The overall population of the study is comprised16f software developing companies found in
Ethiopia located in Addis Ababa, having differerdpacities of Large, Medium and Small.
Researchers assumed that there is difference iohiduacteristics of the overall selected companies
profile in terms of technology usage, staff composj resource, service coverage and company
service year. The selection of the company is basepurposive sampling this is mainly due to the
fact that in order to conduct the research compaitiyng is an important factor hence the selected
companies have show interest and permission.

1.5.4 Data Collection

The data is collected from primary sources; spediff through questionnaire and observation and
interview as an instrument. A questionnaire is preg based on the stated research questions.

1.5.5 Data Analysis

The collected data from the questionnaire and vigeris summarized using statistical methods such
as percentage and id represented using tabulati@mts and frequency distribution. The findings
from qualitative data gathered through interview Wwe coded and summarized to triangulate the
findings of the survey data.

1.5.6 Validation

Validation on the final output of the researchmsde though designing questionnaire at some
selected software companies who have a better ierper and experts to provide us valuable
comments

1.6 Scope of the study

Considering the objective of the study this thesimed at enhance software testing by carry our
survey on some selected software companies whadireely involved in software engineering by
identifying their current challenges ,opportunitjggactices and propose a frame that can guide the

to perform testing activities effectively and ei#iot in a resource constrained environment.
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1.7 Significance of the Study

This study is therefore, aimed at exploring thesexg practices and associated challenges in
software testing within the context of Ethiopiarite@re companies with the purpose of suggesting
an integrated software test framework for ensusioitware quality.

The study has also of great significance to HFilaio software industry. It will benefit also softea
service provider and software product user hertg;research work will serve as an icebreaker for
the software industry in terms of maintaining safte/quality testing.

1.8 Limitation of the Study

All research projects have shortcomings, threathéo validity and limitation on the scope of thei
results, and this work is no exception. AccordiogNenty, 2009), defined research limitations a&s th
factors that confine and constrain a researchautyys Simon (2011), indicated limitations couldde
source of possible included divulging researchtitions. This study contained three limitations.
The first limitation was that the accuracy of tlesults was reflective of the information shared by
the participating organizations. The next was thgecstudy sample size was small and may not be
representative of the population. The final limdatwas the participants limited their experientzes

within the participating organization.
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CHAPTER TWO
LITERATURE REVIEW

This chapter primarily focuses on reviewing literat which is relevant to the subject of the study.
The literature review process aimed at providirapceptual foundation for the study and gaining a
thorough understanding on software testing prosgssésting practices, methods, tools, frameworks
and challenges in the areas of software testing.

2.1 What is Software Testing?

Abnhijit et al., (2012) argued that there are maefiritions for software testing. It can be defirexa
process of software engineering in which the sakwa executed with the intent of finding errors,
identifying whether it satisfies the requirementsl a&valuating the features of software Agarwal
(2010). Software testing is an empirical invesigatconducted to provide stakeholders with
information about the quality of the product ongee under test, with respect to the context inclrhi
it is intended to operate. This includes, but i lmoited to, the process of executing a program or
application with the intent of finding software Bu¢Alsultanny and Wohaishi, 2009).Most of the
definitions describe testing as a process rather #n activity. This means that instead of a single
task, testing is a series of interrelated or irging activities that lead to a particular result
(ISO/IEEE/IEC, 2013).
The following are different interpretations giveor fsoftware testing; some of them are associated
with Beizer’s testing levels (Beizer, 1990).

e Testing is comparing actual and expected behaWihout that comparison it would be

impossible to detect functional failures.
¢ Testing is detecting failures: Similar to the poas statement, a failure is the observable

deviation of the actual from the expected systehabier.
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» Testing is managing risks: For many systems, tgstamnot be complete and there are only
heuristic means of quality measurement. Moreovew(en, 2006), shows that finding all
failures of a system are un-decidable. Thus, degigihen to stop testing is managing the
risk of remaining faults. The test effort dependgtoe kind of remaining possible faults and
the corresponding failures. Thus, the test eff@tassary for entertainment systems is
probably considerably lower than the test effortdotical systems like airplanes or nuclear
power plants.

» Testing increases the confidence of testers: Sesteng cannot prove the absence of faults,
the goal is to remove at least all detected fadlure

The definitions often emphasize that the goal sfinig is to provide information about the qualifytioe
test item (ISO/IEEE/IEC, 2013) in terms of both dtional and non-functional requirements. According
to (Juristo et al., 2004), software testing cancbesidered the most expensive activity in the safév
development process, and thus, it needs an effiglmning to avoid loss of resources and behind
schedule. Software quality on the other hand cadefi@ed as "the degree to which software possesses
desired combination of attributes" (IEEE, 1998)islta generally accepted fact that a human being ca
make an error, which then results in a defect engioduct. A defect may be behavior in an unintdnde
way or produce an incorrect or unexpected resulullgv &Freedenberg, 2011). According to
(ISO/IEEE/IEC, 2013), the purpose of testing is(19 provide information about the quality of the
software, its risk of failure during use, and (2)df defects before it is released to the marketvéier,
one of the benefits of testing is also increasindeustanding of the system, especially when devedop
a very complex system. Therefore, the purpose sting can be summarized in the following five
objectives:

1. Finding defects to help improve the level oflgya

2. Reducing the risk of failures occurring duringecation and gain confidence about the level of

quality.

3. Improving management decisions by providingimfation for decision making.
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4. Preventing defects by identifying the processdbe organization that need improvements.

5. Gaining insight into the system behavior.

2.2 Importance of Software Testing

Software testing is an essential part of softwaigireeering. The objective of testing is ensuring th
quality of the software (ISO/IEEE/IEC, 2013). Thearmation is usually used in decision making
and in improving the product quality. However, be tested systems grow in size and complexity,
the same happens to testing and the pool of dgt@vides. Research has revealed that testing is a
major consideration in the software development andintenance effort and, for many
organizations, more time is devoted to testing #waynother phase of software development. The use
of well-defined testing techniques and methods miitiimize the testing effort while maximizing the
return on investment.

Testing is an important part of the developmentess for all projects. It is important to ensurat th
the quality of software is high and satisfies thetomer’s need (El-Halees, 2014).

2.3 Testing Techniques

2.3.1 White Box Testing

White box testing is conducted based on an arsabfsinternal working and structure of a piece of
software. White box testing is the process of gjvihe input to the system and checking how the
system processes that input to generate the reqoirput. It is necessary for a tester to havedute
knowledge of the source code. White box testingpiglicable at integration, unit and system levels
of the software testing process. In white box testine can be sure that all parts through the test
objects are properly executed (Khan, 2010).

2.3.2 Black Box Testing

Black box testing is based on the analysis of thecifications of a piece of software without
reference to its internal working. The goal is &stthow well the component conforms to the
published requirement for the component. Black testing have little or no regard to the internal

logical structure of the system, it only examirtes fundamental aspect of the system. It makes sure
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that input is properly accepted and output is ablygroduced. In black box testing, the integofy
external information is maintained. The black besting methods in which user involvement is not
required are functional testing, stress testingdldesting, ad-hoc testing, exploratory testing,
usability testing, smoke testing, recovery testamgl volume testing, and the black box testing
techniques where user involvement is required see acceptance testing,( Khan, 2010)

2.3.3 Grey Box Testing

Grey box testing techniques combined the testinthoa®logy of white box and black box. Grey
box testing technique is used for testing a pidcefiware against its specifications but using som
knowledge of its internal working as well. Grey b@sting may also include reverse engineering to
determine, for instance, boundary values or erresgages. Grey box testing is a process which
involves testing software while already having sdimewledge of its underline code or logic. The
understanding of internals of the program in grey testing is more than black box testing, but less
than clear box testing. (Khan, 2010

2.4 Software Testing Strategies

2.4. 1.Unit Testing

This testing is performed by respective develomershe individual units of source code assigned
areas. The goal of unit testing is to isolate gazanth f the program and show that individual pares a
correct according to requirements and functiondtitpver, 2016). Unit testing is fundamental to the
way that people develop software. It refers toitgsof separate system’s units. Unit testing is
usually performed by developers and can be easitpnaated, providing the base for further
application regression testing, checking whetheiyapg small changes and errors correction does
not violate system stability. This is how unit tegtduring development phase is connected with a
regression testing, which is performed at mainteaghase after applying changes with new version
released (Sen, 2010).

Typical way of managing test for single modulerigyided in the Figure:
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Figurel.1l: Managing single test

Log errors

First developer has to write test and then exedutd test is passed, developer should save it and
continue testing with new test, if test is failedrors should be logged, then fixed and test shbald
executed again till the moment it will be passedgding errors and saving old tests are very vatuabl
actions, because they will help in fixing errordtiture.

2.4.2 Integration Testing

It is combined part of an application to test wieetall functions are correct or not. This technigpie
based on: Top down integration and bottom up imtiggn. Top down means the testing begins with
unit testing. Bottom up means highest modulesested firs{(Grover, 2016).

The purpose of integration test is to make sure thiraction in a system between multiple
components and data transfer work properly wittilawts. There is more than just one level where
integration testing takes place. The developersillysare responsible for the integration testing at
the lowest level; they are the ones who checHl mimits work well together. The developers can also
do the higher level integration tests, but ususdiftware testers are the ones who take the |etdisat
stage, since the biggest focus is on the interfatésh are usually software testers’ specialtyliptuk

if all the units of the system work properly togathAs the integration test is about many different

parts of a system working together, which is domeally near beta testing when it's possible to
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combine the newly created software with e.g. olsteay parts which are meant to interact with the
new software. In some cases these can be donawiiktomer, since they have more knowledge of
how the new system should work. Integration testgliire quite a lot from the testing team, as it may
continue very long, even after the deployment ef gbftware, and because of that, the testing team
has to try to check every aspect of the system roleroto have the upper hand over the
customer(Loveland et al.,2005).

But it must be taken into a notice, that usuallgrethe most advanced or qualified test team hardly
ever succeed to create a test environment whichdimiidentical to the customer’s own system. It
can be similar from the outside, but the units ddfer. This is the point where good relationships
are required with the customer, and a mutual trusit be achieved in order to have the customer’s
knowledge of how the their own system is createay the units work, and how they're configured.
This knowledge helps the test team to create aimamaent as similar as possible to the customers
own environment, helping them to understand hdwrittions, and make better tests(Loveland et al.,

2005),the structure of which is provided on figure: thatbm up and top down integration testing

B/A
—c“/ﬁ . -

Figure 2.1 provides the basic structure of tlmgpam — it shows main modules of the program and

how they are related. Arrow going from module Artodule B means that module B is used in
module A. The lowest module at this example are,E®, the highest — A. Bottom-up testing can
be started from any of the modules at the lowest)e.e. from C, top-down testing starts from the

highest module A.
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2.4.3 System Testing

Where integration testing focused more on how wbfie units in the system work together, system
testing has a lot vaster area of tests involved imedium sized software company there are hardly
ever several test teams, so at this point they halet on their hands. System test includes usually
functional tests, load tests, performance testsralability tests, not to mention that system itest
can last very long, depending on resources andsne®a these are probably the reasons why
software testing is often generalized as systetimtesAnd since the system test is considerablydar
part of the whole testing of the software, most &sses and sets are stored and reused when
regression testing takes its t(raveland et al.,2005).

For system testing there has to be a system tast Pphis plan is usually created by the manager of
the testing team, or a senior software tester ghilvé one responsible on coordinating users’ and
developers’ focus on areas that matter. Sometiimegest team collaborates with the development
team and the customers to have a shared view opldre There are some prerequisites for the
system test plan: the requirements from the custevhieh have been modified into specifications of
the system, and then the software design docunr@mtdthe writing of the system test plan can be
started earlier, but it is not recommended (Lowvelanal., 2005).

No developer or tester is perfect, and that istefaet. After long periods of tests, there coméisna
when the customer gets his hands on the softwatdiaas a defect. This can happen during a life
cycle test in approval tests with the customedatar when the deployment has already been made.
Once a defect is found, it is reported and studie it is identified and provided with a fix. The
same kind of tests similar to the system tests tabe performed when the fix is applied, and a new
release of the software has been published. Amgkttiengs are not to make haste with, since now
that the customer has seen a flaw in the systeew, il only get more accurate and agitated with

the test, and testers (Loveland et al.,2005).
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2.4.4 Acceptance testing

Acceptance testing (also known as user acceptastead) is a type of testing carried out in oraer t
verify if the product is developed as testing inigm@lly carried out by a user/customer where the
product is developed externally by another partgceptance testing falls under black box testing
methodology where the user is not very much inteced internal working/coding of the system,
but evaluates the overall functioning of the systmd compares it with the requirements specified
by them. User acceptance testing is considered b of the most important testing by user before
the system is finally delivered or handed overh® ¢nd user. Acceptance testing is also known as
validation testing, final testing, quality Assuranesting, factory acceptance testing and appdicati
testing etc. And in software engineering, accematesting may be carried out at two different
levels; one at the system provider level and amo#thehe end user level per the standards and
specified criteria and meet all the requirementecggd by customer. This type of testing reduces
testing costs by supporting the test process wittnge of software tools (Isha and Sunita, 2014).
2.4.5 Regression testing.

Regression testing is applied to code immediatiér @hanges are made. The goal is to assure that
the changes have not had unintended consequend® doehavior of the test object. Regression
testing is applied during development and in theddfiafter the system has been upgraded or
maintained in some other way. Good regression tgges confidence that the software can change
the object of test while maintaining its intendezhavior. Regression testing is an important way of
monitoring the effects of change (Stuart, 2011 ftv&re testers normally choose a set of test case
from the test suite designed for the product tcabemated for the regression testing (Mei et al.,
2009)

2.4.6 Security Testing

Designing and testing software systems to endatethey are safe and secure is a big issue facing
software developers and test specialists. Sedesting evaluates system characteristics thaterébat

the availability, integrity, and confidentiality aystem data and services. Users/clients should be
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encouraged to make sure their security needs eaglxlknown at requirements time, so that security
issues can be addressed by designers and tedstgsscd?, psychological, and economic harm to
persons or property can result from security breackollowing are the main aspects which Security
testing should ensure (Arvinder et al., (2007), i@mtiality, Integrity, Authentication, Availabtly,

Authorization, Non-repudiation, Input checking aradidation and SQL insertion attacks.

2.5 Automated testing

Automated testing is a form of test automation tlsds software to control the execution of tests
(Hass, 2008). Test automation involves automatinmanual test process already in place by
software testers, in which the testers programatitemated tests to compare actual test results to
expected test results along with setting up testditimns, controls, and reporting functions (Hass,
2008). The goal in automating the test is to redune for manual execution of a test and to allow
test cases to be rerun for regression purposess(2868).Automated Testing is a testing process
where software testing tools conducts pre-scrigiests on software to verify whether all the
functionality are working properly, all the requitents for the software application are met properly
the version of the software application is bug fed updated etc.

Why Automated Testing?

With the advent of testing tools, automated testiag become more and more popular. There are a
lot of online software testing tools available b tnternet. Companies also use customized testing
tools for their software which takes time, efforidamoney to build. But for quality assurance
control, to be able to run tests repeatedly, totheesame type of tests and test results latert@nd
compare test results automated testing tools aatable. One can use one testing tool for all test
types and levels, or different ones for differeqmets and levels. Regardless of the size of company
project, the use of automated testing is increabewpuse it makes testing easy and helps to deliver

almost flawless end product in shorter time pefiogbnardo, 2012). A research from 2009 depicts
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that, large scale company like Microsoft is usingrit automated unit testing framework for unit
testing purpose (Christer, 2012).

2.6 Cost of Software Testing

Software managers have spent an estimated 50%%oo8@levelopment budgets to detect and fix
defects (Gupta & Bhatia, 2010, Silva &Someren, 30Bpecifically, managers set aside funding
from the overall project budget for assessing tlaypct and resolving the defects that the testers
find (Hass, 2008). Whether such an investment eacobsidered a definite contributor to the project
depends on whether the test investment producessiéive return, fits within the overall project
schedule, and has quantifiable findings and detsubval (Gupta & Bhatia, 2010, Hass, 2008, Silva
& Someren, 2010).

To calculate the cost of product quality, a priteipf quality cost is used in a formula:

Cost of quality = Cost of conformance + Cost of cmmformance Rhillips et al.,2007). The cost of
conformance includes prevention costs and appregsts. Prevention costs include money spent on
quality assurance such as training, requiremerdscade reviews, and other activities that promote
good software. Appraisal costs include money sparpilanning test activities, developing test cases
and data, and executing those test cases onc&ohicenformance cost includes internal failures and
external failure (lbid). Internal failure costxinde expenses that arise when the unit test dages
the first time they are run by a programmer and imnitrease after the product undergoes formal
testing by the test team.

As a tester researches and reports defects, agpnoggr confirms and fixes the defects. The release
engineer then produces a new software releasehandetv release must be retested by the tester to
confirm the fix as well as to conduct appropriagression tests to ensure that nothing else isshrok
by the fix.

The costs of external failure are incurred whertamsrs find defects (Phillips & Pulliam, 2007).
The costs to fix defects found by customers areghdri than the cost of defects found by

programmers and testers because not only are the sasts described for tester-found defects
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incurred, but technical support, sales, and margetiost overheads are also incurred. Other
intangible costs also exist when there are unsadisfustomers because of the damage that occurs to
the company image as a result of the poor qualtigyrct (Bertolino, 2007).

To save both internal and external failure costdects must be searched and removed early in the
development process. The V-model for software agrakent shows that testing process can take as
long as or even longer than the development prdoesause test planning often starts as early as the
design steps of the project development processs(2008).

As a result, software testing can cost more thaf#b Bf the development cost (Bertolino, 2007).
Because testing costs money, takes a long timerplete, and does not help in the actual building
of the product, the process of negotiating for #ivere testing budget can be difficult for some
project managers (Phillips & Pulliam, 2007). Henamrporate software tests and quality
measurements for testing processes continue tetaet, resulting in a high number of product
defects discovered after the release of a prodilesé et al., 2006, Humphrey, 2008), Jones, 2008).
Managers of software development and testing orgéions are always interested in a contained,
cost-effective testing effort that can ensure tisealery and removal of a sufficient amount of
defects (Mockus et al., 2009). As a result, add#laesting research is needed to improve quality
while minimizing the costs. A cost-effective persipee means testing until the optimum point is
reached, which is the point where the cost ofrigstio longer exceeds the value received from the

defects uncovered.
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Fig 2.3 Test Cost Curve (Wiley, 2006)

Organizations must try to establish a basis to oreathe effectiveness of testing. This makes it
difficult for the individual systems analyst/progrmer to determine the cost-effectiveness of testing
Without testing standards, the effectiveness ofpifoeess cannot be evaluated in sufficient detail t
enable the process to be measured and improvedu3éef a standardized testing methodology
provides the opportunity for a cause and effecti@hship to be determined. In other words, the
effect of a change in the methodology can be etedut determine whether that effect resulted in a
smaller or larger number of defects. The estableitnof this relationship is an essential step in
improving the test process. The cost-effectiverdss testing process can be determined only when
the effect of that process can be measured. Wheeprtitess can be measured; it can be adjusted to

improve the cost-effectiveness of the test prot@sthe organization. (Wiley, 2006)
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2.7 Challenges in software testing

Testing of software today is a challenging activity software system projects. Katherine
&Alagarsamy, (2012) defined testing as “one offikile main technical activity areas of the software
engineering lifecycle that still poses substanti@llenges. It's generally believed that unideetifi
bug at the time of software testing is one of tiggést challenges that software testing is facing
currently. The following sub-section discussesriagor challenges that software companies face in
conducting effective software testing

2.7.1 Inability of Testing to Detect Defects

Some testing activity is unable to detect uncovefect due to few constraints such as lack of
experiences of testing team, no automated todt,dd&nowledge and others. According to Ahamed,
(2009) he mentioned that unidentified bugs couldseafuture software failure. The problem of
performing a software testing is for defect detettivhich software can only suggest the presence of
flaws, not their absence. The essence of softvesteny is to explore the whole system in search of
bugs or for defect detection, and reliability estiran. Furthermore, Quadri (2010), also supported
the statement that testing can be used to shopré&sence of errors, but never to show their absence
Therefore, inability of software testing to tradkidre error (defect) becomes a big challenge of
software system testing.

2.7.2 Lack of Skilled Manpower

Javed et al., (2012) argued that most software eomep in developing countries don’t have proper
testers. They also emphasized that in small soffwampanies a developer is usually fulfilling the
responsibilities of tester which is one of the maasons of lack of software quality. Developer is
mostly ineffective when he is reviewing his own eott will reduce quality and maintainability. On
many occasions, small companies just test the ifuradity of the software and deliver it to the
customer. By doing so they save some cost but ydbi quality of the software is not up to the
standard. According to Javed et al., (2012), 85%sdes in software quality is due to lack of &kill

professionals. Software companies in developingonstdo not follow standards like CMMI since
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they lack highly skilled specialists, experts aedaurces like time and budget which results in
compromise in software quality (Ibid.). (Ramos,dbsin & Guzman et al., 2012) suggested that it is
very important for software testing team memberdaeelop other essential competences to perform
testing activities efficiently in a global contexind in order to solve current issues facing sofwar
testing.

2.7.3 Lack of testing framework

Another issue is lack of testing framework that gaide new software tester to refer as a guideline
(Javed et al., 2012), According to (Richa, 2013pdanately, there is no well-defined software test
framework that allows organizations to assess eteprocedures to perform testing activity in a
software project. Oriordain, (2008) identified tmeportance of software test frame work for the
company he suggests that an explicitly defined fesmmework can facilitate the planning,
organization and execution of all test activitigghim a company”. He warns that even an implicitly
defined test policy or complete lack test framekvor

2.7.4 Time Duration

Time duration is also an important factor that etfehe quality of software. Mostly, software tagti
team has very tight schedule (Javed et al., 2012g$ting activity, the time allocation is very
limited. More than 60% of the time is allocated fdevelopment phases while time for testing
activity is less than 40%.Any project has to be plated within a given time. Only then the project
becomes viable and hence profitable. If there laydan completing the project due to unforeseen
circumstances, it leads to various other complicatiand sometimes even liquidated damages from
the client (Alsultanny and Wohaishi, 2009).

2.7.5 Poor documentation

Poor documentation always creates more challergssfiware testing activity and the communities
(Mansor, 2012). The example of poor documentatechsas lack of information provided, poor
instructions, appendices and others in the docusndinis difficult to the users or to the software

testing community to refer to the procedures odeglimes if problem with poor documentation is
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continuously occurs. In addition, a failure to aifiate the reader's obstacles, questions, and
environment adds more problems to software testotiyity. In general, testing documentations are
written for the authors and their environment nat the users. However, documents should be
suitable for the users in order to cope with tliialienge facing software testing to some extelst. It
very important to consider user documentation aistesn documentation as its necessary during the
development of the software to avoid future chgnthat might occur during the testing of the
software (Aregbesola et al., 2011)
2.7.6 Lack of Planning and Coordination
Poor planning and coordination were identified ag of the reason for project failure (Haugest,
2009). Planning and the coordination plan shoulddree clearly and accurately before project start.
Software testing activity fails due to poor plarmibefore executing testing cases. Planning for
testing of software should be considered in prlwages of software project development (Haugset,
2009).When testing is not supported with plannimg last stages of the project it leads to faildre o
project.
2.8 Software Test Process
The preparation actions, actual testing work astreporting done in a software project formulaes
test process. For example, in ISTQB Glossary (ISTEI®7) of terms used in software engineering,
the software process is defined as follows:
The fundamental test process comprises test plgrand control, test analysis and design,
test implementation and execution, evaluating ewieria and reporting, and test closure
activities.
Further, the working draft of the ISO/IEC 29119nstard (ISO/IEC, 2010) specifies three layers of
testing process, dividing the process of condudisting to following components:
(1) Organizational test procedscludes test policy and test strategy
(2) Testing management processes: includes test pigntest monitoring and control and test

completion.
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(3) Fundamental test processeme further divided into static test processesiclwitonstitute
universal activities done with all test cases sagliest reporting or case design, and dynamic test
processes, which constitute changing activitiesshsas configuring of different tools or
executing a test case. Related to these layeth@feur different concepts of test process, which
are defined in the (ISO/IEC,29119) glossary aoied:

Test policy: high level document describing the principlegrapch and major objectives of
the organization regarding testing.

Test strategy: A high-level description of the test levels to performed and the testing
within levels for an organization or program (omearmre projects).

Test management: The planning, estimating, monitoring and contadl test activities,
typically carried out by a test manager.

Test execution: (1) the process of running a test on the compopersystem under test,
producing actual result(s). (2) Processing of & tese suite by the software under test,
producing an outcome. 3) Act of performing one arentest cases (ISO/IEC/IEEE, 2010)

Systems and Software Engineering Vocabulary (ISOMEEE, 2010)
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Figure 2.4: Different test process components arttie levels of the ISO/IEC 29119
Model in the testgress of the software organization (taken from TMMfoundation 2010)

2.8.1 Test Planning

Test planning is one of the keys to successfumso# testing. Burstein, 2009)suggests that test
planning is an essential component of a test psoassit ensures that the process is repeatable,
defined, and manageds€Iperin, 2008plso supports this view and state that test plahoamtributes
significantly to improve the test process. Compgaraee highly encouraged to incorporate a test
planning in each phase.

The goal of test planning is to take into accoulmg important issues of testing strategy, resource
utilization, responsibilities, risks and prioritie¥est planning issues are reflected in the overall

project planning. The test planning activity martke transition from one level of software
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development to the other, estimates the numbegegif dases and their duration, defines the test
completion criteria, identifies areas of risks aatlocates resources. Also identification of
methodologies, techniques and tools is part of pésmtning which is dependent on the type of
software to be tested, the test budget, the risksssnent, the skill level of available staff ane th
time available (Tian,2005). The output of the f@sinning is the test plan document. Test plans are
developed for each level of testing. The test pia@ach level of testing corresponds to the soéwar
product developed at that phase. According to (T2895), the deliverable of requirements phase is
the software requirements specification. The cpoading test plans are the user acceptance and the
system/validation test plans. Similarly, the desmgmase produces the system design document,
which acts as an input for creating component atebration test plans.

2.8.2 Test Design

The Test design process is very broad and includiéisal activities like determining the test
objectives (i.e. broad categories of things to)testlection of test case design techniques, prepar
test data, developing test procedures, setting hg tést environment and supporting tools.
Determination of test objectives is a fundamentdiviy which leads to the creation of a testing
matrix reflecting the fundamental elements thatdse® be tested to satisfy an objective. This
requires the gathering of reference materials $kéiware requirements specification and design
documentation. Then, on the basis of reference rraktea team of experts (e.g. test analyst and
business analyst) meet in a brainstorming sessiotompile a list of test objectives. (Pressman,
2005)

2.8.3 Test Execution

As the name suggests, test execution is the pro¢easning all or selected test cases and obsgrvin
the results. Regarding system testing, it occuey lm software development lifecycle when code
development activities are almost completed. Thpuis of test execution are test incident reports,

test logs, testing status and test summary reflortsg, 2002).
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2.8.4 Test Review

The purpose of the test review process is to apallje data collected during testing to provide
feedback to the test planning, test design andetestution activities. When a fault is detectechas
result of a successful test case, the follow ujvities are performed by the developers. These
activities involve developing an understanding feé problem by going through the test incident
report. The next step is the recreation of the lprakso that the steps for producing the failrerare
visited to confirm the existence of a problem (§r&002).

2.9 Software Industry and Software Testing in Developing Countries

Developing countries are struggling with softwarealify and cannot maintain reputation in
International Market (Javed et al., 2012). Stanslane the set of guidelines which help to achieve
best results. The standards and procedures in€iid| and ISO but it is difficult and costly for
small Software Development Organizations to folln standards (Javed et al., 2012).

For the software industry in developing countriegtow strong and be a viable source of external
revenue, software assurance practices have tokbe &eriously because its effect is evident in the
final product. Moreover, quality frameworks and I®@hich require minimum time and cost are
highly needed in these countries (Sowunmi et alL62.

2.10. Test standards ISO /IEEE

What are standards?

According to ISO, standards are “Guideline docummigon that reflects agreements on products,
practices, or operations by nationally or interordilly recognized industrial, professional, trade
associations or governmental bodies”. They areejue documents as they are not compulsory
unless mandated by an individual or an organizat@malthough there is a widespread perception that
standards are imposexh people and organizations, in fact that dependsam they are used. If
specified in a contract then they can define rexoants, but this depends on the users. Standards in
general have been shown to provide increased ptiodycand profitability for businesses of all

sizes — and, perhaps more surprisingly, enhancexvation.
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Test Standards

Unhappily, up until now there has been no defigitsoftware testing standard. Consumers of
software testing services cannot simply look f@ thadge of compliance’ and testers have no single
source of good practice. There are many stand&astouch upon software testing, but many of
these standards overlap and contain what appdae tmntradictory requirements with conflicts in
definitions, processes and procedures. Given theeruconflicts and gaps, it seems clear that the
ideal solution would be to develop an integratedo$enternational software testing standards that
provide far wider coverage of the testing discigli\nd ideally this initiative would not re-invent
the wheel, but build upon the best of the availablandards; thus the motivation for the

ISO/IEC/IEEE 29119 set of standards.

ORGANIZATIONAL TEST PROCESS

TEST MANAGEMENT PROCESSES

DYNAMIC TEST PROCESSES

Fig 2.5:1SO/IEC/IEEE 29119 — Test Processes
Test process levels are the standard being inatadtfor use at different levels. The organizationa
test process is instantiated twice: once to devalwmp maintain the organizational test policy and
once for the organizational test strategy. The remtagement processes are instantiated to develop
and implement the project test plan, and also fisedach subsequent phase or type of testing for
which a separate test plarcigated. Although test plans developed using ISCEEE 29119 are
expected to include consideration of both statd dynamic testing the lowest layer of processes in
ISO/IEC/IEEE 29119 is currently limited to dynantésting. These dynamic test processes would be
implemented whenever dynamic testing is required st plan (e.g. for unit testing, system testing

performance testing).
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2.11 The TMMi Software test Framework
According to the TMMi Foundation the Test Maturitodel Integration (TMMi) has been
developed to serve as a guideline and point ofreafee for test process improvement. (Van,
2009).The sources that served as input to the dewednt of the TMMi was the CMMI, TMM,
(Gelperin and Hetzel's, 2004) growth of softwarditeg discussed above. According to (Van et al.,
2009), the TMMi can be used as a complementary htodke CMMI.
The TMMi uses a staged approach for process impnewe and consists of five maturity levels. An
organization must work through all the lower levefsmaturity before it can attempt to reach the
higher levels. Each maturity level consists of kegcess areas containing specific and generic goals
The specific and generic goals in each processrausa be present to satisfy that process area. Each
specific and generic goal is made up of specifid generic practices respectively. All the specific
and generic goals of each process area must bbheddefore the maturity at that level can be
attained. This case study will mainly focus on TMBArel 2 and level 3.The first reason for this is
that a test process improvement process that amsach TMMi level 2 can take up to two years
and is thus not a small endeavor (Van, 2008).
The second reason is that at the time of writindy @MMi levels 2 and 3 were defined by the

TMMi Foundation. The definition of TMMi levels 4 dn5 are planned for release in late 2009 or
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early 2010. Therefore, this research of this stwilynot focus on a higher level of maturity than

TMMi level 3
= Tesi process oplimisabons
= Oueality conkrol
= Defact prenvention
) = Test measuresTen]
= Sofm qualty ¥
= Advanced poer rerviaws
- Chaotic process
- Dependant on heroes

o mdhamatanthing of tha coat of quailty
Fig2.7: The TMMi Levels

2.11.1 The TMMi Levels

Level 1 — Initial

TMMi recognizes testing as chaotic with undefinedttprocess and testing is often considered as
part of debugging in the organization. Most likéiye success in the organization is determined by
the heroic actions or the risks are accepted bytisédomers and users. The organizations are often
characterized by over commitment, abandoning ofgsses in crisis times, and an inability to repeat
the successes. There are no key processes invaiubd level and is highly recommended for the
advancement into next level.

Level 2 — Managed

Testing is a managed process that clearly sepaitafiesn debugging and helps to ensure that the
existing practices are retained during times @&fsstr The main objective of testing is to verifyttha

the product satisfies its requirements. Howevestirig is still perceived by many stakeholders as
being a project phase that follows right after agdin this level testing is recognized as multled
ranging from unit to acceptance test. For eacimtified test level there are specific objectives

defined in the organization-wide or program-widgt t@rategy. The process areas at level 2 are:

An integrated Software test Frame work | LITERATURE REVIEW



* Test Policy and Test Strategy

* Test Planning

» Test Monitoring and Control

» Test Design and Execution

* Test Environment
Level 3 — Defined
At this level, organizations understand the impwré&of reviews in quality control and implement a
formal review program linked to dynamic test praceJesting is fully integrated into the
development lifecycle and the associated milestoiethis level test process improvement is fully
institutionalized as part of the test organizatooaccepted practices and testing is perceived as a
profession. The process areas at level 3 are:

* Test Organization

» Test Training Program

» Test Lifecycle and Integration

* Non-Functional Testing

* Peer Reviews
Level 4 — Measured
At this level testing becomes a measured procasthéoimplementation of the Level 2 and Level 3
process areas to encourage further growth and gdistirment of the test organization. Testing is
perceived as evaluation that consists of all tgdifiecycle activities concerned with validationdan
verification for a product or related work produdf¢ith respect to product quality, the presenca of
measurement program allows an organization to imeig¢ a product quality evaluation process by
defining quality needs, quality attributes and guahetrics. Products or related work products are
evaluated using quantitative criteria for qualitytributes such as reliability, usability and

maintainability.
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Level 4 also covers establishing a coordinated dpptoach between peer reviews of static testing
and dynamic testing and the usage of peer reviestdts and data to optimize the test approach with
both aiming at making test more effective and meffecient. Peer reviews are directly integrated
with dynamic testing process and is a part of #st Strategy, test plan and test approach. The
process areas at level 4 are:

* Test Measurement

* Product Quality Evaluation

* Advanced Peer Reviews
Level 5 — Optimization
At level 5, an organization is capable of contirglgumproving its processes based on a quantitative
understanding of statistically controlled process®proving test process performance is carried out
through incremental and innovative process andniolgical improvements. The testing methods
and technigues are optimized and there is contmfmeus on fine-tuning and process improvement.
The defect prevention process area is establishatentify and analyze common causes of defects
across development lifecycle and define actiongrevent similar defects from occurring in the
future. Test process optimization process areadnires mechanisms to fine-tune and continuously
improve testing.
The process areas at level 5 are:

» Defect Prevention

* Quality Control

» Test Process Optimization
To summarize, TMMi process areas provide wide stipgrad a more detailed specification of what
is required to establish a defined verification &atidation process. TMMi framework addresses all
test levels (including static and dynamic testiong)structured testing (test lifecycle, techniques,

infrastructure and test organization). TMMi prowddan excellent reference model to aid in test
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process improvement for both internal and extemustomers and suppliers. (TMMi foundation,
2012)

2.12. Review of Related Literature

Ng.et.al (2004) conducted a study on Software mgd@ractices in Australia. The survey focused on
five major aspects of software testing, namelyingsmethodologies and techniques, automated
testing tools, software testing metrics, testirandards, and software testing training and edutati
The objective of the study was to determine theegypf testing techniques, tools, metrics and
standards that organizations in Australia use wdarying out software testing activities with the
purpose of providing a concise picture of the auriedustry best practices. Both qualitative and
quantitative methods were used. They identified lim&ation, strength and weakness in software
industries and the major attributes of softwaréings They also identified the optimum relationshi
between testing and software quality; to ensuré ti&ting strategies are in place which vyield the
highest quality software.

Lalit and Joel (2015) conducted a survey on thée sth the art in software testing practices of
different countries across the world with the otijec of finding a new fact and trends in software
testing. The study used a survey method throughedesigned questionnaires.

The major findings indicated that there are chanigegerms of commitment of tester, resource
allocation, availability of training for tester atloeir feelings and the stable environment created
their job position. They also observed that theee dill challenges in terms of time allocation for
testing, skill gap, resource allocation, standatiitn and use of different techniques across world.
Garousi and Varma (2010) conducted a survey ongdgsain software testing practices in the
Canadian province of Alberta from 2004 to 2009%imts of testing tool usages , test techniques
usage, level of test automation, test frameworlecirn, test effort and team formation. By
deploying both qualitative and quantitative methtusy identified that Alberta companies still face
approximately the same software engineering econ@siues as do companies in other jurisdictions.

Compared to 2004, more companies are spending effore on pre-release testing.
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More organizations are using coverage analysiernminate testing. But still informal criteria are
used often. Cost and lack of expertise are two magoriers for adaptation of testing methodology
and tools.

Lee et.al, (2012) conducted a survey on softwaséinge practices in Korea constituting a wide
variety of companies and experts that are involwvedoftware testing. The aim is to identify the
current practices and opportunities for improvenaroftware testing Methods and tools (STMTSs).
The survey results revealed five important findinggarding the current practices: STMTs and
opportunities for improvement: low usage rate ofVHE, difficulties due to lack of STMTs, use of
testing tools in a limited manner, demand for ioperability support between methods and tools of
software development and testing, and need foramaiel to evaluate STMTs or to describe the
capabilities of STMTs. They have also mentioned these findings and other related results from
the survey will be useful for improving STMTSs priaes and developing software testing tools.
Adnan et al., (2010) conducted an industrial surmeyContemporary Aspects of Software Testing.
The study focused on current practices and prefeseon contemporary aspects of software testing
based on perceptions of different categories gicedents about software testing process. The study
finally identified that there were notable discrepias between preferred and actual testing practice
Their recommendation includes continued effortsptovide guidelines in the adaptation of the
testing process to take care of these discrepaaai@shus, improving the quality and efficiency of
the software development and testing.

Saraf (2016), conducted an Investigation of theafdest automation in software quality assurance
in Norwegian companies and organizations with thm af identifying the practice of test
automation. Using mixed research approach the medserafound that the dominance of manual
testing over automated testing, testers’ bad fgetirconducting testing, allocation of lesser tifoe
testing by company owners and lack of budget ircipage of relevant test tools were the major

problems. They recommended the use of test todfeeagable in Norwegian companies.

An integrated Software test Frame work | LITERATURE REVIEW



Kapur et al. (2014) conducted researchMeasuring Software Testing Efficiency Using Two Way
Assessment Technique with the aim of optimizing teshniques using problem conceptualization as
a method. They have identified lack of resource fikance, time, and lack of experts as a challenge
they recommended two way means of achieving theiafcy and effectiveness, i.e., through
working in ideal situation where there exists r@seuand worst situation where lack of resource
exists.

Javed et al., (2012) conducted a study on hownfwave software quality assurance in developing
countries. The objective of the study was identidysome the major problems associated in quality
assurance and propose a solution on how to mitittegeproblem. By applying qualitative and
quantitative method they identified lack of expegeor communication, poor documentation, and
finance as major problems. They proposed solutionkiding creating and adopting the CMMi
model, use of certified test specialist, motivatiagt team to change their attitude, avoiding iraer
politics, griping in the domain knowledge and ustofigimulation.

Nirmala et al., (2013) have conducted researchutanaated test framework for software quality
assurance. The objective was generating test easematically and to decrease the cost of testing i
addition to saving the time of deriving test casemually. The ultimate goal is improving quality.
The study finally came up with an automated tesimgwork that generates the test cases
automatically, evaluates those test cases and pesdine test summary report as well as software
quality assurance report. The new framework wagyded for performing both functional and non
functional testing.

Beer and Rudolf, (2013) conducted study on the oblexperience in software testing practice. The
proposition was that experience plays a majoriroboftware testing and it is an important factar f
developing test cases. The proposition relatelseodported evidence of benefits of experience-
based testing. By applying mixed method researgroggh the authors found that although the
development of testing knowledge was an importapeet, substantial domain knowledge was also

required for testing, which could only be developééquately by working in the domain or by long-
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term involvement in a project. According to thehaus, the typical path of knowledge development
of senior testers started with domain knowledge.

Testing knowledge was developed later while workasgtester and attending additional seminars.
Advanced testing was usually introduced by extewmlsultants working together with domain
experts. The authors recommended finding the optma of testing knowledge and domain
knowledge as a vital issue for successful projantsa major task for future research. The following
specific recommendations were also made by theoeaith

» Authors identified that there are difficulties impexifying requirements consistently,
completely and correctly. For this challenge thegommended reviewing and improving
requirements specifications as an effective measuiraprove testing. Investing on applying
experience-based testing was also mentioned aki#gorcoto overcome issues in imperfect
specifications.

« They also recommended that the tools and technita¢ssupport experience-based testing
should be designed in such a way that it can rBctly support the incorporation of the
tester’'s experience, e.g. as additional sourc@émerating test cases. 2) foster gaining and
sharing new experience throughout testing actiitieaddition to producing tests results.

Anitha (2013) conducted a study on a brief overvidwoftware testing techniques and metrics. The
finding of the study indicated that the softwaretitey can be very costly and recommended
automation as a good way to cut down time and cost.

Summary

As it is indicated in the review of related worksidies mostly focused on surveying the existing
software testing practices by considering testingthmdologies, techniques, tools, metrics, test
automation, test effort, test team, etc.; Areashallenges identified by the studies include — latck
software testing methods and tools, lack of budbeth cost of testing, lack of commitment of
testers, poor resource allocation, lack of trainimgtesters, less time allocation, skill gap/laatk

expertise, lack of standardization, low level chgis of methods and tools, the dominance of manual
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testing over automated testing, testers’ bad fgdlinconducting testing and lack of commitment,
poor communication and poor documentation.

Proposed solutions include — the need to providdefjunes in the adaptation of testing process,
creating and adopting CMMi model, use of certiftedt specialist, motivating test team to change
their attitude, avoiding internal politics, gripimgthe domain knowledge, using simulation, apmyin
automated test framework that generates test cagesnatically, investing on experience-based
testing, developing testing tools that can incaap®tester's experiences, reviewing and improving
requirements specifications and automation as aseecut down time and cost.

Although prior studies identified different chalfges and proposed solutions, non of them have dealt
with developing software testing framework that ggrde software testers towards conducting

effective and efficient software testing procesa mesource constrained environment.




CHAPTER THREE

RESEARCH DESIGN AND METHODOLOGY

This study has three major aims: assessing théirexisoftware testing practices, identifying major
challenges associated with software testing andggmiaog a framework that guides software
companies in conducting effective software testingen a resource constrained environment. This
chapter presents the methodology that the researtiibwed to achieve the above stated aims. The
chapter constitutes discussions on research desamnpling, data collection and data analysis
aspects of the research methodology.

3.1 Research design

A mixed method research approach that combinesdaihtitative and qualitative research methods
(Creswell et al., 2011) was applied to addresessambedded in the three major aims of the study,
which are mentioned in the preceding paragraphpdfrents of mixed methods research appreciate
the value of both quantitative and qualitative woikws to develop a deep understanding of a
phenomenon of interest (Venkatesh, et al., 2013).

In this mixed approach evidences are mixed and ledye is increased in a more meaningful
manner than either model could achieve alone(Chiésv®lano, 2007). We found this approach
more relevant for addressing the three aims ofstunly. The qualitative method enabled us to gain
real-life contextual understandings and multi-lepetspectives (Creswell et al., 2011) on software
testing practices and associated challenges inctimext of Ethiopian Software industry. The
researchers employed quantitative research fopuhgose of assessing the magnitude and frequency
of using software testing methods, tools and tephes in the software companies. Therefore, the
researchers used both qualitative and quantitatie to understand a research problem (Venkatesh

et al., 2013).
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3.2 Sampling

According to Addis Ababa trade and economic develeqt office report more than 400 business
licenses were taken from the Ministry to estab8siftware Company. But most of the individuals or
groups are engaged in other related activitiesuttino sell of computer hardware and related
components, network devices as well as providingvork installation and maintenance services.
Therefore, the researchers applied a non-probalplitposive sampling technique to identify ten
recognized and active software development compattieir project managers and employees. The
main goal of purposive sampling is to focus onipalar characteristics of a population that are of
interest, and also the selection are made theirexqe, investment level, active involvement ia th
industry which enable the researchers to extralctatde experience, challenges and opportunities.
which will best enable us to answer our researcbstijpns. The sample being studied is not
representative of the population. The aim of sangpinformants with a specific type of knowledge
or skill or experience (Li et al.,2006), which iaraase is in software testing. The major critesad

to select the companies were active involvemethensoftware industry and extensive experience in
software development. This strategy helped us lieatca more representative view of a population
of interest, thus supporting transferability, oe tbility to apply findings to the population atda
(Krefting, 1991).

From the 10 software companies a total of 15 red@ots participated in a one-on-one interview. All
of the participants under this category are sofwaroject managers. In addition a total of 87
employees participated in the survey respondirtheéajuestionnaire.

3.3. Company Profile

As it is indicated in Table 4.1 the 10 companie#t tliere involved in the study were selected based
on their size (number of staff it has), companyetyinfrastructure, technological usage. Hence the
companies were divided into large (having more th@rstaff and well equipped), Medium (having

staff between 25-50 and well equipped) and smaki(tg staff number less
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than 25 staff and working with limited resourceheTprofiles of companies are summarized in the

following table.

No Company Name Description of the company

1 INSA Large scale governmental organization hgwitore than 500 staff

2. | Apposite Private owned medium scale organinataving more than 20 staff

3 Castor Private owned medium scale organizatmmniy more than 10 staff

4 Techno brain Large scale nongovernmental orgéiniz having more than 30 staff
5 Cnet Large scale nongovernmental organizatiembamore than 30 staff
6 GCS Large scale nongovernmental organizatiombawore than 30 staff
7 Cyber soft Large scale nongovernmental orgamizdiaving more than 30 staff
8 TYC Private owned small scale organization hgvess than 5 staff

9 Appnova IT Solution| Private owned small saajganization having less than 5 staff

10 | Sol Net Private owned small scale organizat@wing less than 5 staff

Table 3.1 Company Profile

3.3 Data Collection

Both qualitative and quantitative primary data weo#ected. An in-depth semi-structured interview
technique was used in order to get valuable insigitd the existing practices of software testind a
major challenges faced by software companies inopidn Interviews were chosen to collect
qualitative data because the format allowed fornifigant probing vis-a-vis a two-way
communication that provided in-depth descriptiohtopics being discussed. The interview protocol
was developed that included series of questiontaiperg to the respondent’s experiences and
practices in software testing. The questions maiilgused on the existing software testing
processes, methods, tools and techniques; polstiegegies and plans pertaining to software tgstin

the strengths and weaknesses in software testiagrmhallenges faced and mechanisms used to
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cope up with the major challenges. Probing prormamee used to collect more in-depth information
for responses that seem ambiguous or confusingot®l bf 15 respondents participated in the
interview. All participants are at the position miject manager and quality and assurance officer.
Each interview took a minimum of 40minutes hour andaximum of 1 hour duration. Interviews
were recorded with digital recorder with the pesioa of the interviewee. Assurance was given to
the interviewee on the confidentiality of their peases before the interview. Such assurance
minimized the digital recording drawbacks. In adghitto audio recordings, the researcher kept
written notes. Survey method was also deployealleat quantitative data. An instrument pre-tested
and validated by prior studies were adopted and tseollect the data. Collecting quantitative data
using questionnaire mainly aimed at measuring t#tten¢ and frequency of using software testing
methods, tools and techniques in the software camapa

The questions focused on the existing softwar@ngstrocesses; the availability and training lesfel
software testers; time allotted for software tagtitype of testing methods, techniques and tools
being applied; the extent of use of Software tgsstandards; challenges in adoption of software
testing methods, tools, techniques and test automahd possible remedial actions to cope up with
the challenges. A total of 103 questionnaires veis&ributed to respondents and 87 questionnaires
were returned with a response rate of 84.4%.

3.4 Data Analysis

Interviews in the form of audio recordings werengeribed verbatim. Each response was categorized
into themes based on the topics of interview guidese themes included: software test processes;
decision criteria in selecting methods, tools, teghes; strengths, weaknesses & challenges;
mechanisms for coping up challenges. Based ontleisatic categorization, data were ready for
more detailed analysis. Therefore, thematic codind thematic analysis were used in order to
extract major findings that address research cquesti

Descriptive quantitative data analysis was usedhersurvey data using Microsoft Excel (Microsoft,

2010).Manual checks for accuracy of the data emeye made on a randomly sampled 10% of
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downloaded questionnaire responses. If errors whkmetified, more checking and correcting was
performed. Finally, percentages were calculated rasdlts were summarized using table’s graphs
and charts.

3.5 Validation

As it is indicated in the research questions aretifip objective, the final output of this study is
proposing an integrated software testing frameworka resource constrained environment. The

framework was validated.
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CHAPTER FOUR
DATA PRESENTAION AND ANALYSIS

4.1 Introduction

Data analysis involves critical thinking. The datzalysis is done after collecting all the data from
the respondents. Thus, the analysis of the stuithyw® the objective of the research. Moreover, the
data gathered through the above-mentioned metheds analyzed using statistical tools, such as
graphs, tabulation and percentage using MicrosafteE Whereas, the data from interviews and
observations were presented to assess the exsdihgare testing practices of Ethiopian software
companies. The responses obtained through queairesiwere integrated with interview results and

physical observation in order to address the rebaguwestions.

4.2. Presentation & Analysis of Data

Respondents’ Demographic Data
As it is presented in table 4.1 the dominant nundierespondents are male (75%), within the age
limit of 20 — 30 (52%) and married (58%). More thé4% of them have educational level of first

degree and above.

Variables Proxies Total Percentages
Number
Sex Male 66 75%
Female 11 12%
No Respons 10 11%
Total 87 100%
20-3C 45 52%
Age 31-40 17 31%
Above 40 0 0
No Respons 15 17%
Total 87 100%
Marriec 51 58%
Marital Status Not Married 23 39%
No Respons 13 3%
Total 87 100%
Diploma or belov 15 19%
Educational Status First degree 49 64%
Second degree and ab 13 17%
Total 87 100%

Table 4.1 Respondents Demographic Data
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Current position
As shown in Figure 4.1 below the largest proportddmespondents (49%) are working as software
programmer or developer followed by software tegfelr.49%). The rest of the respondents are
engaged as requirement engineer and project mattagesiccount for 10.34% and 5% respectively.
From this data it is clear that the number of tssie limited as compared to software developérs. |
also signifies that less attention is given towafe testing process. This conclusion is suppdried
the data from the interview. One of the respondsaits that:

“ Companies lack, skilled manpower to conduct a sufficient test activity. Most of the testing activities are

done by developer during the development phase with less attention and limited time”

p—
40
35
30
25 v
%g 9 10 9 -
2 1
= = E = e T
u Series
& & ¢ & & & o
&% 6‘@ «e"} o'fz & o’b\\ 0(\5
Q@ @ @ & & ¥ R
<& € & & @& &£ o
O Y & < ¥
e s
&

Fig. 4.1: Position of respondents
Experience
As it is presented in Figure 4.2 the majority (5308b)the respondents have less than one year of
experience which is followed by respondents witpezience of 1 — 3 years (14%) and five years and

above (10%).

13, 15% M Less than one
% 10%‘ [ | f::/ears
7,8% 47, 53% 3-5 Years
12, 14%

Fig. 4.2: Experience of Respondents
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According to Beer and Rudolf (2013) experience-tdsesting plays a major role in performing
efficient and effective software testing. From thé&spective our software companies do not have
experienced testers which has a negative impaittteotesting process and quality of the software
product.

Software Testing Process

Respondents were asked whether they apply softwar¢heir organization. Most companies (47%)

don't have test process where as 29.80% of the aniap perform software testing.

50 4%
40
30 26 24
20
10 M Seriesl
0 T T
Yes No No
Resopnse

Fig. 4.3 Availability of test process

Primary Responsibility for Software Testing
Respondents were asked to indicate the existencepmdrtment or staff responsible for software
testing in their company. The result shown in Bid.signifies that 57.47% of the respondents stated
that there is no formal test staff or departmerth&ir company. Whereas 34.48% of them confirmed
that their testing staff is divided among applicatigroups and thus there is no single, centralized
software testing department. One of the interviewtipipants also mentioned that:

“Most companies lack, formal and centralized structure which is responsible for performing software

testing.”
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Fig 4.4 Test Responsibility Level

Training on Software Testing
Respondents were asked whether igetformal training in software testing. The resulticated in
Fig. 4.5 shows that 80 % oéspondents didn’t get formal training on softweagting whereas 20
of them get trainingBased on the interview result we learned that theihg provided is more ¢
in-house which is given by senior stwho have a better experience and background invac#
development and testing. Regarding the problemeelto trainincone of the interview participas
mentioned that:

“Lack, of training is one of the major problems in our company in the areas of software testing. The

company owners do not invest on the provision of relevant training”

Black (2008)also confirmed thi lack of training has negative impact on quality of softw

60

40 M Series1
20

0 1 T 1
Yes No

Fig. 4.5 Training on Software Testing
Practice of Major Test Proces:
Respondents were asked to indicate, which tesepsoihy perform and the kind of tools they use
any. As it is indicated in table 4.2 the majorifitlee respondents indicated that they don’t perf
test processes like test planning, estimation gaesixecution anmanagement. Whereas 66% of

respondets agreed that they apply test reporti
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Yes No

Test Process Type Freq. | % Freq. %
Test Planning 23 20 64 55
Test Estimation 16 13 71 g1
Test Design 17 14 70 600
Test Execution 16 13 71 61
Test Management 18 11 14 b4
Test Reporting 76 66 11 0

Table. 4.2 Practice of Major Test Process
Proportion of Time Allotted for Software Testing
Respondents were asked to indicate the proporfitime spent on software testing. The majority of
respondents 42%onfirmed that the time allotted for software tegtare between 26 — 50%. Those
who allot less than 25% of the time accounted %01 As one of the interview participant
confirmed ‘the time spent on software testing ranges between 20% to 30% of the total software development
time.” But other studies indicated that at least 50 %theftime should be allotted for software testing
(Bartolena, 2007). Therefore, in the context ofiétlan software industries very limited time was

allotted for software testing. Studies conductedJayed, et al. (2012) also reported the same

problem.
Time Spent Freq. | %
76%-100% 5 4
51%-75% 12 10
26%-50% 48 42
Less than 25% 22 19

Table 4.3 Time spent on testing
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Frequency of Use of Different Software Testing Metbds

Respondents were asked to indicate the frequenaysefof different software testing methods

including Review, Inspection, Test automation armhual testing. As show in the table below the

majority the respondents confirmed that review (h6#tspection (47%) and manual testing (43%)

methods are being used sometimes. But still highenber of respondents (33%) said that they use

manual testing always. The majority of the respoisiendicated that they don't use automated

testing tool.
Always Sometimes Never N/A Unknown
Methods Freq. % Freq. | % | Freq. % Freq. % Freq. %
Review 17 20 49 56 0 0 0 0 21 24
Inspection 0 0 41 47 0 0 0 0 0 0
Automated Testing 0 0 17 20 28 32 20 23 22 25
Manual Testing 29 33 37 43 0 0 0 0 21 24

Table 4.4 Frequency of Use of Different Software Testing Methods
Test methods /tools/ Techniques Utilization Level
Respondents were asked to indicate the level dization of different software testing
methods/types, Techniques and Tools. As it is showable 4.5 below the majority of the
respondents strongly agreed that they apply usitaed integration test with mean value of 4.5 and
4.6 respectively. In the case of technigues mospardents agreed that they apply white box
techniques with mean value of 2.9. Regarding tdbks majority of respondents strongly agreed that
they use open source tools with mean value of ld.1their study Lee et al. (2012) also found that
although the use of software methods and toolssgipgortunities for improvements, low usage rate
of software test methods and tools were observedalgost of tools and methodsom this we can
conclude that most software companies dominantgtire functional level testing and they don't
give much attention to system test and non-funetidgesting including security and performance
which highly compromises the quality of the softatain terms of tools only depending on open

source test tools and ignoring the commercial basl its own negative impact on efficiency and
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effectiveness of software testing and thus, thdityuaf software. One respondent recommended
that:
“All companies should at least perform unit testing, integration testing and performance testing since they are

fundamental test types in spite of the resource constraints that companies face.”

Total Mean | Stan.De
1.Method/Type
1.1 Unit Tes 87 4.t 1.2¢€
1.2 Integration Te 87 4.€ 1.2¢
1.3 Security Tes 87 2.€ 0.7:
1.4 Performance Te 87 2.2 0.61
1.3 System Tes 87 2.t 0.7
2.Technique!
2.1.Black box te: 87 1.7 0.47
2.2.White box tes 87 2.¢ 0.€
3.Tools
3.1.0pen source toa 87 4.1 1.1¢F
3.2.Coomercial Tool 87 1.6 0.t
3.3.Locally developed too 87 0.7 0.2¢

Table 4.5 Test methods /tools/ Techniques levéltibization
In relation to the above question respondents \asked to list the type of tools they use for each
level of testing. Some of the tools include Selemi(for Unit Test), Jmeter (for Integration Test),
Vpscan (for System Test), Sanipro (for Securityt)lasd Test link (for Performance Test).
Usage of Automated Test Tools
Respondents were asked to indicate whether thegutsenated software test tools. As it is shown in
Fig. 4.6 below only 10% of the respondents confartiet they use automated test tool whereas 54%
of them responded that they don’'t use automatedtdets. Although authors like Anitha (2013)
argue that automation is a good way to cut dowre tand cost, software companies in Ethiopian
context couldn’t maximize such benefit since theesleof utilization of automated test tools is very

low.
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Figure 4/6ages of Automated Test Tools
Use of Test Tool for Test Processes
Respondents were asked to answer for which tesepsado they apply test tool. As indicated in the
table below companies use tools mainly for tesoripg which accounted for 57% of the total
respondents. Regarding test design and test mamagehe majority of respondents, 61% & 60%

respectively, confirmed that tools are not usetthenstated two test processes.

Yes No No
response
Test process Freq. | % | Freq. | % Freq.| %
Test Desigr 23| 26 53 61 11 13
Test Managemet 26| 30 52 6C 9 10
Test Reporting 50| 57 30 34 7 8

Table 4.6 Use of Test Tool for Test Processes
Software Testing Standard
Respondents were asked to indicate which stantiagdare applying in their company. As we learn
from Figure 4.7 About 49 respondents (67.12%) icored that they don't apply any standard at all
to conduct software testing followed by 4 (4.6%@tthse standards like CMMi and TMMi. One of
the participants of the interview said that:

“Most of the companies in Ethiopia don’t strictly follow the international standards or don’t have customized

standards to carry out testing”
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Figure 4.7Software Testing Stand:
Customer participation

Respondents were asked whether their company eagesircustomers to participate in softwn
testing. As indicated ifrigure 4.8 below 72% of respondents confirmibat they don’'t encourage
customer participatiorduring the test process whas 28% of thensaid that theyencourages
customer to participate testing activitie. One of the interview participangsid that
“Our company allows the participation of customers during test process and we believe that their
involvement can assist us in _finding bugs during the test process by comparing the actual system against
the minimum expectation represented by the system requirements.”
Other participant also added:
“Customer is a Rey factor in the success of software industry; ....our company provides relevant training
until they can operate on the system by themselves. We also believe that unless the customer has the right

Rnowledge the industry will not grow as it is expected “.

0, 0%
M customer
particpation

25, 28% H Yes

No

Figure 4.8 Customer participation
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Decision Criteria for Selecting Test Level
Respondents were asked to indicate their decisrdaria for the selection of test level (unit,
integration, system....). As it is presented in tbkofving table respondents almost strongly agreed

that all the decision criteria are valid and use@ &asis for selecting the test level.

Total | Mean | Stan.De
Availability of Expertisi 87 4.32 1.31
Experience of teste 87 4.25 1.3t
Availability of adequate budg 87 4.14 1.2t
Complexity of the tested syst: 87 4.08 1.2¢
Delivery Time 87 4.14 1.28

Table 4.7 Criteria for selecting test level
Challenges in the Use of Tools, Methods, Techniquaad Test Automation
Respondents were asked to rate their agreemeheguossible challenges that affect the adoption of
methods, techniques, tools/automation. As it iswshan Table 4.8 all challenges except lack of
proper attention and reservation in usefulness @sl effectiveness affect the adoption of test
methods and techniques. But the dominant factatsniost respondents agreed are lack of expertise
and lack of adequate budget. In addition, all tkiedl challenges affect the use of tools includes)

automation, but the dominant factors are lack eigadte budget and time-consuming to use.

Total | Methods/Techniques Tools/Automation
Challenges Mean | Stan.Dev Mean| Stan.Dgv
Lack of expertis 87 3.87 1.04 3.67 0.98
Lack of adequate bud 87 3.87 0.0 4.06 1.09
Costly to us 87 3 0.t 3.19 0.85
Difficult to use 87 3.t 0.9¢ 3.55 0.95
Time-consuming to us 87 3.4¢ 0.9: 4.14 1.11
Lack of proper attentio 87 1.14 0.3: 3.88 1.04
| don’t think it is useful or cost effecti 87 2.4¢ 0.67 3.56 0.95

Table 4.8. Challenges in Tools, Methods and Techesgnd Tools Automation
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Recommended Solutions for Challenges in Software $&ng
Respondents were asked to identify the possiblatisnb for challenges in software testing in
general. As we learn from the following Table 4lBthe solutions are strongly supported by the

respondents with slight variations in the rating.

Solutions Total [ Mean | Stan.Dev

Recruit appropriate skilled test 87 4.4] 1.47
Training existing teste 87 4.5¢ 1.61
Identify and purchase the right testing t 87 4.0¢ 1.3¢
Identify new methodand techniques appropriate for our cor 87 4 1.2¢
Developing and adopting appropriate testing precesde 87 4.2 1.4
Allocate more budget and resource for softwarepastes: 87 4.2t 1.41
Engage with specialist test provider to benefitfiaxternal 87 4.2¢ 1.45
expertise to maximize the level of importance aeddiit

Table 4.9 Recommended solutions for challenges
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4.3 Summary of Results from Interview
As it is stated in the methodology, interview methwas employed to collect qualitative data. Fifteen

software project managers, quality assurance temuels and senior testers were involved from

software companies selected for the study. Intenpeotocol was developed in such a way that the

questions can address the major research objeclihesresults of the interview are summarized in

themes which are derived from the interview questmd questionnaires and observation made

during the study using the following table 4.10.

No

Themes

Explanations

1.

Software test process

The following key reswexre found in relation to the questi
pertaining to the current software test processtsgbperformed irj
the company. Respondents confirmed that:

there is no formal software testing process inrtbempany;
company owners give less attention to softwardangsind give
more emphasis for increasing their revenue throughkt
development and delivery of final software prodwctustomers;
because of the above situation they lack properravess and
practical skill in software testing process

they perform mainly functional level testing thamnstitutes 109
of the entire development process

limited skilled staff, limited time, lack of budgahd technological
infrastructure are the major constraints
In addition to the respondents that stated abaltd test process
in their company, there are also few respondewis fonly three
companies that stated about their good practiceselation to
software testing. They said that:

their company practically applies the major tesicpss like test
planning, designing, executing, reporting and manant of the
whole test process (Techno Brain, Aposit, CNet,ANS

they have dedicated test team (INSA, Techno Brgosit, CNet)
their company is certified in CMMi 4 and apply timternational
standard in software testing process (Techno Brain)

their company uses commercial software test tdbISA)

their company uses open source software test t@bhsost all
companies)

Test

strategy and Test plarn

policy,

Tes

[ Regarding test policy, test strategy and test ghanfollowing results
were found based on the researcher’s observatidnmesmponses fror
participants:

=

* most of the companies include in this study do mete test
policy, strategy and plan;

An integrated Software test Frame work | DATA PRESENTAION AND ANALYSIS



only few companies are in a better position in terof
developing their own policy, strategy and test plBat it is
not yet operationalised;

Best practices

Some of the best practices nreediby respondents include:

assigning quality assurance personnel who is piiyn
responsible for testing related activities in sarhéhe medium
scale software companies have started, although
application of standard software testing practicatiits lowest
stage

introducing internal audit system (Techno Brain)

having well established internal and external trgjrprogram
and testing center which is strongly committedhe transfer
of knowledge to internal staff and customers (TecBrain)

the

Challenges

The major challenges identified spoadents include:

lack of sufficient budget,

lack of skilled manpower,

lack of training

lack of appropriate test environment including inet
connectivity, workspace, guidelines,

lack of awareness on test processes, methods,ideelsnand
tools,

information gap among staff members,

poor documentation of test processes,

tight schedule being assigned for testing,

being unable to adopt test standards

developers serving as software testers

demotivation among staff of software companies

lack of collaboration among project managers, dsis and
testers

dynamism and fast changing software environmenttaaalgy
unable to adjust to such situation

Proposed Solutions

Participants of the interyieoposed the following solutions in ord
to cope up with challenges:

raising organizational commitment towards softwasing,
placing internal audit system,

providing relevant training/creating awareness agnataff
members regarding software testing processes, ugthmols,
techniques,

restructuring and institutionalizing software tagtias an
independent function,

recruiting personnel with adequate skill in softevaesting
coupled with motivational schemes,

er

experience sharing in software testing practicesrmally with

An integrated Software test Frame work | DATA PRESENTAION AND ANALYSIS



senior experts and externally with software comgsni

» developing or adopting customized standards fotwsoé
testing which can easily be applied in our context,

» enforcement by the government towards ensuringwsaodt
quality through applying acceptable standards,

e provision of adequate infrastructure with optimailization
through pull system,

» the current situation doesn’t allow small scale tvgafe
companies to produce quality software, survivehia tarket
and transform themselves into medium scale. Thexetbey
need government support and protection throughtingeéair
competitive environment,

e proper documentation of test processes includisy taseg
and test report,

« create a platform for communication among staff awith
customers,

* giving due emphasis on the fulfilment of each aawkry
requirement specification during testing,

e encouraging customers to participate in softwastrig

Table 4.10 Summary of interview results
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CHAPTER FIVE

Software Testing Improvement Framework (STIF)
5.1. Background

A framework is a constructive blend of various t&gees, standards, perceptions, methods,
conventions, system hierarchies, modularity, etbicwv are structured to represent an industry
process (Nirmala and Maheswari, 2015), in our cadtvare testing process. One of the primary
objectives of software engineering is deliveringrhguality software to the customer (Nirmala and
Maheswari, 2015). Software testing plays a key iol¢his regard.Testing takes a large share of

software development efforts (Karlstrom et al., 200

Although different software testing improvementnfi@vorks were developed including TMMi and
CMMI they are too expensive for small and mediugedi software companies (Karlstrom et al.,
2005) which are dominant in developing nation likiiopia. The high level of formalism of the
frameworks makes them difficult to introduce inmaadl and medium sized organization. They also
require huge resources which are unaffordable bye#isting companies. Companies also lack staff

with the required knowledge and skill (Karlstromaét 2005).

Therefore, the standards are on a more strategt, lend there is a need for more practice-oriented
support (Karlstrom et al., 2005). In order to copewith such challenges different frameworks were
proposed by different authors that address problenked with specific context and based on
requirements of the specific study context. Fomgxa, Karlstrom et al., (2005) proposed Minimal
Test Practice Framework (MTPF) which defines thedkof practices that are needed in small and
emerging software companies but the study focuseth® specific context without addressing the

phase based approach to mitigate the problem delateesources .
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5.2. Software Testing Improvement Framework

The building of the proposed software test improseinframework starts by identifying the

summary of major challenges, practices and oppiiesrof the Ethiopian software industries so as
to mitigate the problems associated to softwarentgsn order to make the testing process efficient
and effective by developing a guide line for reseurconstrained environment like Ethiopian

software industries.

5.2.1 Summary of Challenges

The following table 5.1 summarizes major challengesived from the empirical study. These
challenges were the basis for proposing a framewbet introduces a phased approach of
introducing software testing practices in the Eprao software company’s context. The major areas

identified in this summary are derived both fronalifative and quantitative study.

Areas Challenge:
limited experience of teste
limited skilled staff/ lack of skilled manpow
Staff no formal training in software testi
lack of proper awareness and practical skill irvsafe testing proce
lack of awareness on test processes, methodsjdeelsrand tool
developers serve as softw tester.
demotivation among staff of software compa
limited application of test processes includingipiag, estimation, desig
execution and management
high dependence on manual testing and limited tiaatomated testir
The majority of the companies perform unit test eymbre integration, system,
well as non-functional testing (e.g. security, parfance, etc.)
high dependence on open source test tools over eocrahtool:
Test process only few of the companies use automitest tool:
Most of the companies do not follow software tegsitandarc
challenges indicated by respondents in using msthedhniques, too- lack of
expertise, lack of adequate budget, believingithatcostly to use, difficult to use,
time consuming to use and poor attention,
there is no formal software testing process in rnbthe companie
they perform mainly functional level testing thanstitutes
Organizationa In most of the companies, there is no formal tedt er departmer
Structure

lack of collaboration among project managers, dmaals and teste
Communication There is information gap among staff mem

Time tight schedule being assigned for tes
Test environmel lack of appropriate test environméncluding internet connectivity, workspax
guidelines,
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Custome There is no customer participation in softwareingsin most of the compani

Organizationa company owners give less attention to softwarénigsind give more emphasis

Commitment increasing their revenue through fast developmedtdelivery of final software
product to customers;

Budge lack of budget allocated for testil

Policy/Strategy/pla No test policy, strategy and plan in most of thepanie

Documentatior poor docurentation of test process

Standard Most of the companies do not follow software tagstandarc

Requiremen Requirements are not used as a basis for t

Specification

Table 5.1 Summary of major challenges derived ftioenempirical study
5.2.2 The Structure of the Framework

Our proposed framework is specifically developesdeolaon the current status of software industries
in Ethiopia, the types of challenges they are fgacamd the requirements they have in terms of
improving software testing process. Our framewor&inly focused on addressing the existing
challenges that software companies face in softwestng and possible remedial solutions derived
from empirical research and literature. Therefdsased on the existing situation of software
industries in Ethiopia and the requirements idedithrough both quantitative and qualitative study
we proposed Software Testing Improvement Framew8iKF). The framework is structured in
three major areas of challenge with four sub-catiegdeveled in three phases. The three major areas

of challenge and the corresponding sub categarasde:

» Test Management this category encompasses all managerial aetvitelated to software
testing. The major challenges in this categoryemsociated with test policy/strategy/plan,
departmentalization of software testing, budgetisigffing and collaborative environment
(communication & coordination).

* Test Environment & Process:this category has four sub-categories.

» Methods/Techniques: challenges associated with the proper adoptidesiflevels
(unit test, integration test, system test, secumst, performance test, etc.); test

techniques (black box, white box, gray box testing)
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Phases of Implementation

= Tools: challenges associated with the use of differeftivare testing tools (open

source, commercial or locally developed softwargtiig tools; availability of

proper infrastructure — Software, Hardware, Corinigg}

= Test design and execution: challenges associated with capturing all the teis¢s

and executing the test

= Test Documentation: challenges associated with all sorts of documemist- test

case, test report, etc.

Standards: challenges associated with the adoption of differeternational standards for

software testing and quality assurance. The thnesgs include:

Phase | —Software testing initiation phase (baseline adésit— paper works, awareness

creation, training.

Phase Il 4mplementation with minimalist approach

Phase lll — Full-scale implementation with advanced feature.

¢ Mgt. Commitment Optimization of « Commercial Comprehensive | « Collaborative Adoption of
Phase 3 |. Staff Motivating Methodsé& test tools test execution document international
« Collaborative Techniques and review authoring and standards
Environment validation and sharing system Certification in
+ Test monitoring and verification international
control standards
Enforcement
¢ Departmentalization Cost minimizing « Open source selection of test | « Open source Customized
Phase 2 | . Budgeting Methods & test tools case design document standards
« Recruitment techniques « Infrastructure techniques management
« Training/ awareness defining test system
» Team formation case
develop test
procedures
basic test
execution
» Test Policy/ Strategy/| « Training/ ¢ Training/ Training/  Training/ Training/
Phase 1 Plan Awareness Awareness Awareness Awareness Awareness
* Roles and Test method/ ¢ Define test Gather « Identifying Checklist
Responsibilities technique selectionq  level requirements major
criteria ¢ Test tool specification documents
selection Define the test | » Organizing
criteria objectives documents
Methods/ Tools Test Design & Test
Techniques Execution Documentation
Test Management -
Test Environment & Process Standards

Challenges
Fig. 5.1 Software Testing Improvement FrameworklF$Tor Resource Constrained

Environment
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5.2.2 Description of the Framework
I. Test Management

0 Phase 1: The software company should start with definirg} folicy that describing the
principles, approach and major objectives regartisgng. Similarly it should also define
test strategy consisting description of the testlleand the testing within those levels.

0 The third element is test planning that constiegémation of the number of test cases,
resource utilization, responsibilities, risk andbgties. Another important function under
this phase is defining responsibility testers whintiudes developing a test plan for each
new project, administering the test environmentniadstering the problem reporting,
continuously assessing the testing practices amdtanimg the need

0 Phase 2: the company should be able to departmentalizeatdstities with its own staff
of testers in order to make software testing inddpat and introduce responsibility and
accountability. Budgeting is also another importaciivity at this stage which requires a
proper and cost effective allocation of testingateti budget by considering each
requirement, time, expertise, software size andureatThe recruitment process for
software test should be based on having skilledqmerel. The newly recruited test staff
should be provided with appropriate training or eam&ss session in a form of induction.
Team formation is another component in this phdsielwshould be based on project size,
duration, available testers and available resourcésst environment. There is a need to
consider interpersonal skills at the time of forgitast team.

Phase 3: building strong commitment of staff and company eventowards software
testing is the most important activity in this pha$he management should be committed
in terms of providing sufficient and appropriateoerces and managing the time pressure,
commercial pressure and workload. There is a neaddtivate test team by providing

different incentive mechanisms including rewarddessfor finding good quality bugs.
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Keep some weekly or monthly competitions such asg'Bf the week’ to reward
them. This will help to build a successful softevéest team”.

Setting clear goals and increasing task varietysarse of the ways to motivate test team.
The company should create a collaborative platforrarder to facilitate communication
among project managers, developers and testerslssvsharing expertise, skills and
experiences among testers. The platform shouldienesters to work cohesively
together, follow the test processes and deliver dommitted piece of work within
schedule. Test Monitoring and control is one of tdst management aspects that should
be dealt at the third phase. The purpose of testitorong is to give feedback and
visibility about test activities. Information to lmonitored may be collected manually or
automatically and may be used to measure exitrigrjitsuch as coverage. Metrics may
also be used to assess progress against the pladnedule and budget. The monitoring
and control should involve measuring the amountwofk done in test case and test

environment preparation, test case execution, tlafentification, test coverage, etc.

I1.Test environment and Process:

Test environment and process component of the framkeconstitutes four major classifications,
i.e., Methods/Techniques, Tools, Test Design & Exeo and Test Documentation. All the four
major parts have their own activities to be implated in three phases. In all the phases providion o
training/awareness are common with respect to Mistfi@chniques, Tools, Test Design &
Execution and Test Documentation. This is impdrta@tause one of the key challenges associated
with software testers in our context is lack of ryppiate skill and/or awareness. The key activitees

be performed in each phase under each compon¢estoénvironment and process are summarized

as follows:
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¢ Methods/Techniques:

o Phase 1: developing the right selection criteria delection of test methods and
techniques. This should consider cost effectivertase, and availability of experts
and level importance

o0 Phase 2: implementing cost minimizing methods auatiiques which are selected
based on the criteria set in phase 1.

o Phase 3: mainly focuses on optimization of testhods and techniques so as to
make testing more efficient and effective.

* Tools

o Phase 1: this phase requires defining the test (ewé test, integration test, system
test, etc.) that the company intends to performaddition, as there are too many
tools that can support different levels of testingre is a need to set selection criteria
which considers potential benefits, risks and ¢ogp techniques (data
driven/keyword driven).

0 Phase 2: at this phase the company is expectesldct nd implement appropriate
open source test tools as well as arrange and #wailrequired infrastructure
(software, hardware, connectivity, etc.)

o0 Phase 3: this phase may require the applicatimomimercial tools that can provide
full-fledged features for undertaking comprehengesting.

» Test Design & Execution

o Phase 1: one of the key activities recommendeldisiphase is determining the test
objectives (i.e. broad categories of things to)tedtich leads to the creation of a
testing matrix reflecting the fundamental elemehts needs to be tested to satisfy
an objective. In addition, there is a need to gatlled organize requirement

specifications which must be used as a major ifgouesting.
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o0 Phase 2: having the clear objective and systemirezgent set in phase one, the
second phase concentrates on conducting basiexesution (preliminary testing,
e.g. unit testing and integration testing).Thisuiegs selection of test case design
techniques, deriving test cases for testing thet masmon situations and actions
and developing test procedure.

0 Phase3: at this level the company is expected twerimke compressive test
execution involving all levels and types of testitigalso involves review of all test

0 process in planning, management and report. Theaoynshould also form a team
to conduct the validation and verification procasd a tester should be a member of
the team.

* Test Documentation

o0 Phase 1: one of the major activities at this phaseentifying major documents
including test plan, test design and test caseifsgaon, test strategy, test incident
reports, test logs, test data, bug report, tessitagus and test summary reports,
weekly status reports, user documents/manualsagskssment. In addition, there is
a need to systematically organize these documents.

0 Phase 2: At this phase the company should starg sistems to manage the above
stated documents. One of the cost saving optionsisg open source document
management system

o0 Phase 3: the company should deploy a collabordixeement authoring and sharing
system in order to fully automate the developmentl aharing of different
documents associated with software testing.

o lll. Standards:

* Phase 1: the company should at least develop dbetiiht enables testers to verify the very

minimum quality of the software. Checklist can lewveloped for the most important tasks
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* such as GUI testing and platform testing. This &hsicshould be reviewed and updated to fit
the needs of the new projects.

» Phase 2: at this phase the company is expectegfiteedkey indicators from the international
standards including TMMi and CMMi with minimalisipproach, i.e., by considering the
available expertise and resources.

» Phase 3: this phase requires the adoption of iatiemal standards including ISO/IEEE/IEC,
TMMi and CMMi comprehensively. This should be condd with certifications to be

* Secured by the company in such international stalsdd&nforcing the application of these

standards at the organizational level is also eepleitom the management.
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CHAPTER SIX
VALIDATION

6.1 Introduction

This chapter describes the validation of an integisoftware test framework. Firstly, we introduce
why we tested the framework and what we expecteteive as the results from the case study.
Secondly, we describe the participants and giveghsons why they were selected. We continue and
report how we carried out the study and summahedrterviews. Finally, we provide the results of
the case study.

6.1 Introduction to an integrated test frame work

The framework provides test managers with the meéansvaluate a tool while removing large
portion of subjectivity from the process. The tewtnager can now see which features test software
test frame work should support for a company weitain set of characteristics. To confirm the
usability of the software test frame evaluatiomfeavork, we carried out a case study among three
testers. The purpose of the study was to understéuether the frame work fit for use and to find
out what should be done to improve the framewaoukahility.

6.2 Participant Selection

Three test specialists were contacted and askedaloate the frame their companies are using. The
limitation of the participants to three persons wag to the limited humber of software companies
who are currently practicing with better one andehtéest personnel who have an experience in
software testing. Secondly, we wanted to carryaoamall proof-of-concept test, not to make a full
research on the matter.

The participants were selected from three compainiesrder to confirm how the company specific
product diagram would be perceived. The study tlse=e respondents who are working as test

engineer’s one person and two were test managers.
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6.3 Evaluation Framework Usability Interviews
The study gathered responses to the questionndiheessing the usability of the test framework
evaluation. We used personal approach and performiegviews with the respondents. This
provided closer feedback and allowed us to asktiaddi specifying questions when the answers
were vague or superficial. Firstly, we introducedttie participants the purpose of the framework.
We explained that the product diagrams are crdadsdd on theoretical studies and market research
which was later confirmed by performing survey amosoftware companies of Ethiopia
companies. The survey results were analyzed, faest frameworks based on the existing using
minimalist approach. The respondents were askeéad the guideline first and then to evaluate
their company’s software testing as compared tee#igting one in their companies by applying the
evaluation framework. Additional information wasopided when questions regarding the
framework were raised.
After the evaluation with the framework, the respents were requested to respond to the short
guestionnaire. We were interested in five aspects:

» How easy is the framework to learn?

* How efficient is it for frequent software test framork evaluation?

* How easy is it to remember the activities in edchage of the framework?

* How satisfied are you with the framework?

* How easy it is to understand the benefits of thenfwork?
The first two interviews revealed that the guidelmrequires a change. We improved the framework
guideline thus making it easier to understand. iAttti@t, we proceeded with next respondents. The
interviews with the respondents lasted on an aeeeghour by raising relevant comments by the
respondents. Three of the interviews were recous@ty phone while two respondents asked us only
to make footnotes. The goal of the interviews wasiriderstand whether improvements should be

made to the framework and to get feedback on thbility.
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6.4 Results of the Case Study

Each of the study participants was asked to gigdldack on the framework usability and to rate it on

a scale of 1 (lowest) to 5 (highest). We providebsults in Table 6.1 below

Respondent| Respondent| Respondent

Questionnaires I 1 i
How easy is the framework to learn? 4 4
How efficient is it for frequent Test frame workadwation? 3 4 5
How easy is it to remember the activities in edcase of the 5 4 4
framework?
How satisfied are you with the framework? 4 4
How easy it is to understand the benefits of taengwork? 4 4 4

Table 6.1 Response to validation
The first response about the ease of learningwiell than the others, since improvements were made
to the framework guideline based on the interviel¥ee rest of the survey does not have outstanding
differences.

* How easy isthe framework to learn?
After applying improvements to the guideline, abpondents considered the framework easy to
learn. People understood the workflow how to useftamework. They also implied that there are
clear activities are mentioned in each of the phas&espondents recommended creating the
evaluation framework a good approach in understanttie test process

* Howefficientisit for frequent framework evaluation?
The respondents understood that for frequent eseers responded that it would only have use the
frame work frequently for sometimes then it is easyemember. As such, most respondents found
that the framework is rather efficient for frequese.

* Howeasyisit to remember the activitiesin each phase of the framework?
Most of the interviewees told th#tte activities in each of the phase are easy temndver. They said

that activities in the phases are logical and duitidlowed. One respondent did suggest shortening
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the activity names, however to keep the framewakydo learn, but due to time constrain we did
not make the change.

» How satisfied are you with the framework?
This question turned out to be the hardest to anskie participants had never used a framework for
evaluating a software quality; it was new expereefar them. While they did not say they were not
satisfied with the framework, they were also redmnttto confirm, that it met their expectations. fehe
was one exception, one of the test managers bdlighat evaluating a software test framework
should be done by company employee and not basedfamework, since “the employee knows
what is required by the company”

* Howeasyitisto understand the benefits of the framework?
All respondents understood clearly the benefitthefframework mitigation of the subjectivity of
evaluation by using an evaluation framework basedtouctured approach. Similar to the previous
question, there was outstanding respondent whogirdelieved that the framework would not be
beneficial for his company. Despite the outlyingule, majority of the interviewees agreed that the
benefits are rather easy to understand. Finalgpardents were asked to bring out the best aspect o
the framework. Three interviewees told that theyyayolear number representing how much the tool
met with the company expectations. The other twreed) that the framework is excellent for
frequent use and saves time.
6.5 Threats to Validity
We have applied the guidelines (e.g. personalvigess, objective questions, addressing potential
risks to validity) suggested by Goed al., (2008) to minimize the threats to the validitycafr case
study. However there are still few which shoulddpaitention be to when reviewing the results. The
first and probably the biggest threat, is the numdfeparticipantsin the case study. We asked 3
testers to evaluate our framework. The number efpdrticipants was kept low due to the scope of
this research. For future work, further analysisusth be carried out by including more respondents

to the evaluation framework’s usability case stulilyother aspect which should be mentioned is that
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the framework validation focused only on the usgbdnd did not address the completeneisthe
test evaluation framework. To address this risktaatthl research should be carried out to confirm i
all required test features have been included ¢oetaluation framework. Finally, a threat to the
validity of the case study comes from not confirgnithe correctnessf the evaluation framework.
We have not investigated if the framework will pucd the same results for different respondent
groups who evaluate the same test frame work wkightést evaluation framework. Our focus was
only on the framework usability and thus, the ccimess is subject for future work.

6.6 Summary of the Evaluation Framework Testing

The researchers carried out a case study to igatstihe usability of the software test evaluation
framework. The study involved 3 practitioners ahdytwere asked to evaluate their company’s test
framework using the test management framework. Easipondent evaluated their companies
separately. The result of the evaluation confirimat the framework is easy to learn, efficient for
frequent use and fit for purpose. There was ongoredent, who was doubtful of the tools suitability
for the task, especially the list of test frameuiegments. He believed subjective evaluation of the
software would meet company’s expectations bettéowever the software test evaluation
framework relies on the current selected Ethiopsoitware companies’ expectations, thus,
mitigating the subjectivity of test framework evation at least in this geographical area. In
conclusion, the strongest aspects of the testiagndr evaluation framework are that using it

frequently is efficient and it gives clear measlgalalue for the software testing frame work.
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CHAPTER SEVEN
CONCLUSIONS AND FUTURE WORK

7.1 Summary of major findings

Software testing is a critical element in the saftevdevelopment life cycle and has the potential to
save time and money by identifying problems eanhg do improve customer satisfaction by
delivering a more defect-free product. Softwarevigtes a comprehensive tool set for building
powerful applications. Without adequate testingwéweer, there is a greater risk that an application
will inadequately deliver what was expected by lginess users or that the final product will have
problems such that users will eventually abandawiitof frustration. In either case, time and money
are lost and the credibility and reputation of bitth developers and software tester and company at
large is damaged. More formal, rigorous testing wd far to reduce the risk that either of these
scenarios occurs.

Software testing is a critical element in the sait&vdevelopment life cycle and has the potential to
save time and money by identifying problems eantg 4o improve customer satisfaction by
delivering a more defect-free product. Softwarevigtes a comprehensive tool set for building
powerful applications. Without adequate testingwéweer, there is a greater risk that an application
will inadequately deliver what was expected by lbisiness users or that the final product will have
problems such that users will eventually abandawiitof frustration. In either case, time and money
are lost and the credibility and reputation of bitté developers, software tester and the company at
large is damaged. More formal, rigorous testing wd far to reduce the risk that either of these
scenarios occurs. This study assessed the existfigvare testing practices, processes and
challenges with the aim of proposing an integratiesmework that guides software testers in

ensuring software quality through appropriate bestiThe study
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addressed three research questions and the rebtiis study are summarized under these research
questions.

The first research questionfocused on identifying the existing practice andgass of software
testing in the Ethiopian software companies. Acogydo the findings, software testing process is
not given due attention by most software compaimegthiopia. This is demonstrated by the
following existing situations in software compani&xcept few, most companies do not have a
separate department or team that focus on softtesteng and they don’t perform formal testing
process. Most of them assign no or very limitekpegienced staff as tester. Testing is dominantly
performed by programmers. Most employees of thepaones do not get formal training in software
testing and they lack the required up-to-date kedgé and skill. Major test processes like test
planning, estimation, design, execution and managérare not being properly performed by the
dominant number of software companies. Those coreparho try to perform software testing also
allot very limited time. The testing method is Higldominated by high level review or inspection
and manual testing and automated testing is notiegpjry almost all the companies. Most
companies focus only on unit and/or integratiortingsusing white box techniques ignoring other
methods and techniques that ensure software quality use of appropriate software test tools is
also very limited. The use of tools is mainly ligdtto reporting rather than other testing processes
Almost all companies do not follow any internatibetandard like CMMi and TMMi. The majority
of companies do not involve customers in softwasitg process. Poor documentation; lack of
proper communication among project managers, pnogrers and testers; and demotivation among
staff are some of the major problems.

The second research questiorwas mainly concerned with identifying major chatjes that
Ethiopian software companies are currently faciNgjor challenges identified by the study include:
lack of test policy/strategy/plan, lack of institutal set-up dedicated for software testing, latk o

expertise or skilled staff, lack of adequate budigek of proper attention from the owners, lack of
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appropriate technological infrastructure and ladk ppoper training and awareness on test
processes/methods/techniques/tools.

The solutions recommended by respondents incleeuiting appropriate skilled testers, provision
of appropriate training, identifying and purchasthg right test tools, identifying new methods and
techniques appropriate for the Ethiopian contdiicating adequate budget and resource, assigning
guality assurance personnel, introducing internaitasystem, raising organizational commitment,
institutionalizing software testing, experience rgh@ internally and externally, developing or
adopting customized standards, enforcement in plpécation of acceptable standards, provision of
adequate infrastructure, proper documentation,tiogg@ommunication platform and encouraging
customer participation.

The third research question focused on exploring the possibility of proposiag integrated
framework that can guide software companies tooperfeffective software testing and ensure
software quality in a resource constrained enviremim Based on the existing situation of software
testing in Ethiopian Software Companies, the pilagichallenges and possible solutions
recommended by respondents and other similar stwadégeproposed a Software Test Improvement
Framework. The framework is structured in three amareas of challenge having four sub-
categories with proposed activities divided in ¢highases. Researchers believe that this phased
approach enable software companies to introduaadioand effective test processes that ensure
software quality given their resource constraiifitee originality of the of the framework is signifie

by the fact that: 1) it is developed based on theigcal findings on the local study context and 2)
although the terms are common around software ntestiterature, the categorizations or
classifications as well as prioritization of sotuts are typical to the study context. Challengesthas

categorization and prioritization of solutions ieav we tried to introduce as a new perspective.
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7.2. Contribution of the Study
The study will have the following key contributionne both the practice and to the body of

knowledge.

It demonstrates the significance of performingwafe testing

It proposes cost saving mechanisms of introducoftyare testing in the first and second
phases of the framework

It organizes and prioritizes software testing atés in a way a software company can easily
implement testing in a more effective way given éhesting resource constraint.

The framework is a contribution by itself for thedy of knowledge that can be used as an
input for developing theories in the areas of saftwtesting applicable for resource

constrained environment

7.3 Recommendation

Based on the findings of the empirical study théowing recommendations were made in order to

implement phase of software testing activities ethdled in the proposed framework.

The owners of software companies and software gropanagers should give due attention
to software testing process and producing quatifinare

Owners and/or managers should create institutietalip for software testing

The owners and/or managers should be committedldoate and avail adequate budget,

resources and infrastructure for software testing

The management should be committed in identifylrg key challenges of the company in

software testing and addressing those challengeagh phased and minimalist approach as
it is proposed in the framework.

The management of software company should focubetter staffing in terms of skilled
testers as well as building their capacity withrappiate training

The management should be committed to enforce dopt@n of either customized or
international software testing standards at orgditg level

The government should institute software qualiguaance and monitoring mechanism
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7.4 Future Research

Since the present study was restricted only in Addaba in a limited software companies further
research should be conducted to investigate thetipea and challenges of software companies to
enhance the frame work and make it applicable aatanal level. In addition, further research

should be conducted with the aim of improving tlwactionality and operationalization of the

framework by introducing different categorizaticersd prioritizations of software testing processes.
There is also a need to conduct rigorous validatibthe framework by extending the sample size
and deploying other validation techniques. One @ap select software companies, implement the

framework and assess the impact of the framewotkeareal environment.
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Questionnaire
ST.MARY’S UNIVERSITY
SCHOOL OF GRADUATE STUDIES

FACULTY OF INFORMATICS

Dear respondent,

First of all, | would like to thank you in advanéer devoting your precious time to fill in the

guestionnaire. The information that you providelvaé used to undertake a study entitledl

INTEGRATED SOFTWARE TEST PROCESS: THE CASE OF SELECTED ETHIOPIAN SOFTWARE

COMPANIES IN ETHIOPIA”

The study is part of the requirements for MasteSoience in Computer Science. The information
you provide will be very confidential, and hencepuyare encouraged to freely express your views
and concerns. Your data is expected to contributehfe success of the study tremendously. If you

have any quires, you may contact me via the addtassd below.

Thank you so much for your cooperation in advance

Shimelis Tamiru

E-mail: shimelistamiru4@gmail.com

Mobile:+251-913-289802

Addis Ababa
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Please choose the one that you believe is apptepbased on the service experience you have
within the software company and put “X” mark ihd box in front of your choice of preference
|.PROFILE OF RESPONDENTS

1. Sex
() Male Female (3
2. Age
20-303 30-4 above 40 @
3. Marital status
(] Single Married (3
4. What is your highest formal education attended?
(J Diploma or below(3J First Sedategree and above —
5. Which of the following best describe your cutrpostion?
Project Managerr—  Software teste Web designer (3
Programmer— Requirement Enginec3System Analyst (—
6. Year of service as a software tester
Less than 1 year— 1-3 yearp— 3a&rg (] 5 years above—
7. Do you have a software test process in yogarazation?
Yes (3 3 No
8.. Who is primarily responsible for software tegtin your company?
(A single, centralized software testing department
(O Testing staff divided among application groups
U No formal software testing staff or department
9. Do you have any formal training in softwareitagor quality assurance?
CJyes ([3 No
10. Please indicate your answer for column (a)chdmn (b) for the major test processes and sub-

activities summarized in the following table.
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@ (b)
Do you practice the (If your answer for column (a) is Yes
following major and specify the type of tool and technique
Test Process and Sub-Activities sub-activities in you use
software testing
process?

Yes No

Test Planning

Test Estimatior

Test Design

Test Executio

Test Managemer

Test Reporting

11. What percentage of a software tester's tirspesit actually on testing an application?
CJ 76%-100% 51%-701 269840 J Less than 25% (J

12. How do you perform software testing in your gamy?

Activity Always Sometimes Never N/A Unknown

Review

Inspectior

Automated Testin

Manual Testing

13. What type of testing methods , techniques ants tbeing applied by your company (rank the

level of utilization for the following Software tidsg method, techniques and tools)
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Methods/ Techniques/ Tools Very high Moderate low Not at
high all

1.Method/Type
1.1 Unit Tes
1.2 Integration Te
1.3 Security Tes
1.4 Performance Te
1.3 System Te:
1.5 Others .........

2.Technique!
2.1.Black box te!
2.2.White box tes

3.Tools
3.1.0pen source toa
3.2.Coomercial Tool
3.3.Locally developed too
14. If question number 3.3.3 if you have locallyeleped software testing please specify its name

and purpose.

15. .Does your companies use automated softwaregeeols?
() Yes (No
16. If your answer is yes, for question number 16 fbick software testing process do you apply

automated software testing tool?

Test process Yes No If yes please specify it's name and type (Ops
commercial or locally developed

Test Desigr
Test Managemet
Test Reporting

17. Do you use any tool regarding the followingt tmethods?

If yes please specify its name and type (Open
Methods Yes No commercial and locally developed

1.Method/Type

1 Unit Tes

2 Integration Te:

3 System Te:

4.SecurityTes

5. Performance Te
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18. If your answer for question number 19 is padrat are the major challenges?

19.Which software testing standard is being appliegour company?
(3 ISO Series () T™™MM
) CMMi Not at &xist -
20.Are customers encouraged to participate in softwsesting?
CJ Yes CJ No
21. What are the major challenges to the adoptioftware testing methods, tools, techniques and

test automation? You can choose more than onemsspo

Disagree Agree

Strongly Disagree Neutral Agree Strongly

Methods/Techniques/Tools

» Lack of expertise

» Lack of adequate budget

» Costly to use

» Difficult to use

» Time-consuming to use

» Lack of proper attention

* | don'tthink it is useful or cost effective

e Others

Test automation

» Lack of expertise

» Lack of adequate budget

» Costly to use

« Difficult to use

» Time-consuming to use

» Lack of proper attention

* | don'tthink it is useful or cost effective

e Others

22. What criteria does you company uses to exitdbng phase

Criteria Always | Mostly | Sometimes | Never

N/A

All planned test activities must have beperformet

Each requirement has been tested at leas

Delivery time has been react

The value specified in the metrics have been rad

The planned test budget is deple

Sufficient defect have been found to have tin the softwar
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23. What criteria does your company uses to makecsion as to which level of testing should be

implemented
Strongly Disagre! Neutra Agree Strongly Agre
Disagree
Availability of Expertist
Experience of teste
Availability of adequate budc
Complexity of the tested syst:
Delivery Time
Other
24. What do you think in order to solve the currsritware testing challenges?
Strongly | Disagre: Neutra | Agree | Strongly
Disagree Agree

Recrui appropriate skilled teste

Training existing teste

Identify and purchase the right testing t

Identify new methods and techniques appropriate@forcontey

Developing and adopting appropriate testing procesde

Allocate more budget and resource for softwarepestess

Engage with specialist test provider to benefitrfrexternal
expertise to maximize the level of importance aeddiit

Interview questions for the research

1. What is the current software testing process i gompany?

2. What are the current challenges of the currenintggiractices in your company?

3. How did you cope up with the challenges faced iaryampany?

4. Does your organization have Test Policy, StrategyRlan? If yes please specify the detail.

5. How do you make decision criteria to selectingwafe method, tools and techniques?

6. Do you make decisions on resources to be allo¢atdte software testing?

7. What do you suggest in order to improve softwaséing challenges?

THANK YOU!
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