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ABSTRACT
Context: Software testing is a knowledge intensive process and the use of Knowledge Management
(KM) methods and principles makes software testing even more beneficial. Thus there is a need of
adapting KM into software testing core process and attain the benefits that it provides in terms of cost,
quality etc. There has been an extensive literature published in the context of KM in software testing.
But it is still unclear about the importance of KM with respect to testing techniques as well as testing
aspects i.e. each activity that takes part during testing and the outcomes that they result such as test
artifacts is considered as testing aspect. Thus there is a requisite for studies to focus on identifying the
challenges faced due to lack of KM along with the importance of KM with respect to testing aspects,
testing techniques and thus can provide recommendations to apply Knowledge Management to those
that get benefited from it.
Objectives: In this thesis, we investigate the usage and implementation of KM in Software testing. The
major objectives of current thesis include,
1. To identify various software testing aspects that receive more attention while applying KM.
2. To analyze the software testing techniques i.e. test design, test execution and test result analysis
and evaluate them and highlight which of these have more involvement of KM.
3. To identify the software testing techniques where tacit or explicit knowledge is currently used.
4. To gather challenges faced by industry due to lack of KM initiatives in software testing.
Methods: We conducted a Systematic Literature Review (SLR) through a snowballing method based
on the guidelines from Wohlin [1] in order to identify various software testing aspects and testing
techniques that have more involvement of KM and challenges that are faced due to lack of KM. A
questionnaire intended for web-based survey was prepared from the gathered literature results to
complement and further supplement them and to categorize the testing techniques based on the type of
knowledge they utilize. The studies were analyzed in relation to their rigor and relevance to assess the
quality of the results. The data obtained from survey were statistically analyzed using descriptive
statistics and Chi-square test of significance.
Results: We identified 35 peer reviewed papers among which 31 were primary and 4 were secondary
studies. The literature review results indicated 9 testing aspects being in focus when applying KM within
various adaptation contexts. In addition, few testing techniques were found to get benefited from the
application of KM. Several challenges were identified from the literature review such as improper
selection and application of better suited techniques, low reuse rate of Software Testing knowledge,
barriers in Software testing knowledge transfer, impossible to quickly achieve the most optimum
distribution of human resources during testing etc. 54 full answers were received to the survey. The
survey showed that Knowledge Management was being applied in software testing in most of the
industries. It was observed that test result analysis, test case design, test planning and testing techniques
stood out as the most important testing aspects being focused while KM is applied. Regarding software
testing techniques, 17 test design techniques, 5 test execution techniques and 5 test result analysis
techniques gain more attention in the context of KM. Moreover, the results suggest that tacit knowledge
was utilized for most of these techniques. Several new challenges are obtained from the survey such as
lacking quality in terms of testing results or outcomes, difficulties in finding relevant information and
resources during testing, applying more effort than required during testing, having a huge loss of knowhow by neglecting explicit and tacit knowledge during test design etc.
Conclusions. To conclude, various challenges are being faced due to the lack of KM. Our study also
brings supporting evidence that applying KM in Software Testing is necessary i.e. to increase test
effectiveness, selection and application of better suited techniques and so on. It was also observed that
perceptions vary between the literature and the survey results obtained from the practitioners regarding
testing aspects and testing techniques, as few aspects and techniques which are being categorized as the
most important in the literature are not given the same priority by the respondents. Thus the final list of

testing aspects and testing techniques is provided and empirical findings can likewise help practitioners
to specifically apply KM more for those that are very much in need of it. Besides, it was found that most
of the techniques require and utilize tacit knowledge to apply them and techniques such as shadowing,
observing, training and recording sessions can help to store tacit knowledge for those that are in need
of it. Thus researchers can recognize the advantages from this thesis and can further extend to various
software life cycle models.
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Terminology
Challenge: a stimulating task or problem [2]
Aspects: a part of something [2]
Practices: Activities taking into account the knowledge, expertise, skill or
competence and which are utilized as an normal way of doing something
[3].
Testing techniques: Testing techniques include the process of executing a
system with its main goal for finding errors [4]
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INTRODUCTION
Software testing is considered as a process constituting of various activities,
techniques, tools and resources [5]. Rise in technologies and the existence of more
critical applications make testing a complex task [5]. Various process models for
enhancing test process improvement were being utilized with a specific end goal to
guide testing and enhance the quality. In any case, this alone is not sufficient to enhance
the testing process and the usage of Knowledge Management (KM) in software testing
process contributes in enhancing the testing process along with its quality [5].
In general, professional organizations are often not exceptionally effective in
dealing with their intellectual capital [6]. In most cases, these organizations are not even
aware of the presence of their intellectual capital. In addition, there is a significant loss
of intellectual capital due to turnover of staff, knowledge being restricted and having
limited knowledge among each of them [7][8][9].
One of the qualities of software testing is that it has an extensive intellectual capital
and can subsequently benefit from the utilization of experience gained from previous
projects [10]. Moreover, experiences are limited to each individual and are not being
shared within the organization or team members [10][11][12][9]. In this context,
Knowledge Management emerges as a vital supporting tool. Software testing can thus
benefit from the solutions provided by KM. The adoption of Knowledge Management
principles can help software testing experts to advance the knowledge reuse, testing
process and to encourage management discussions across the organization. There are
numerous benefits of actualizing KM in software testing such as [10][11][8][13]
 Increasing test effectiveness
 Decreasing costs, time and effort
 Determination and application of more suited testing techniques
 Enhancing the quality of results
 Supporting decision making process
As a vital example of how KM benefits software testing for a specific organization,
Consider that “In 1978, NEC embraced an activity for "learning from bugs"”. This
activity was aimed in finding out the reasons of software failures and thus prevent the
bugs from occurring such as system bugs, software development mistakes [14]. Upon
this initiative, it thus managed in enhancing the productivity and decrease in the defect
level, in spite of the fact that its greatest achievement was to have a betterment of
software development process through the execution of systematic process
improvement activities. In terms of cost, Chevron has reduced its operating cost
structure by more than $2 billion by knowledge transfer and usage of best practices [15].
In general, software testers gather day to day knowledge and experiences with a
view of two goals i.e. usefulness and applicability [10]. Moreover, this knowledge is
stored either on paper, digitally or is left in people’s minds. When faced with an issue,
individuals search for experts in their workplace depending on the person they know or
else they search for documents that can help overcome this issue. But documents or
papers have constrained accessibility and is difficult for the individuals to keep a track
and updating them [16]. Moreover, in large organizations it is difficult to find the
individuals who know about a certain matter and therefore this knowledge is leftover in
individuals’ minds and is lost when they leave the organization. Hence, Software
testing knowledge must be systematically gathered and stored in a repository and should
be shared within the organization.
In software testing, KM will be utilized to capture the knowledge and experience
generated amidst the testing process. It is worth to be noted that all the knowledge and
experience gained during the testing tasks can be reused. Software testing in specific
can benefit from reuse of test models, test cases, test techniques, lessons learned and
experiences gained.
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Regarding the types of knowledge in software testing, explicit knowledge [17]
(knowledge that can be documented and can be accessed by multiple individuals)
includes documents such as test manuals, procedures of testing and also test artifacts.
The test artifacts or archives produced by testing processes mostly contain the
knowledge (i.e. technical knowledge) used in Software testing which includes test
planning, test design specifications, testing logs and so on [18]. Whereas tacit
knowledge [17] (knowledge based on experience and is a subjective part of knowledge
which cannot be documented) in Software testing is probably gained from test execution
experiences and discussions with software testers etc. [19]
In this study each activity that takes part during testing along with the artifacts that
it results is considered as a testing aspect. Several studies have reported testing aspects
that are being focused while applying knowledge management i.e. test planning,
execution and test result analysis [12][9][7][20][21], test case design [13][22][23],
testing phases [19][24] , testing technique [25][4][5] , testing type [26][27][28][29],
testing resources [24], test artifacts such as test code [22][23]. But, the real question
arises about the importance of KM in each of the software testing aspect. In which
aspects of software testing is KM more focused on? Therefore this study puts emphasis
on identifying the importance of testing aspects in the context of KM.
Regarding testing techniques, exploratory testing gets benefited from the
application of KM [5]. The literature lacks studies that focused on identifying the testing
techniques that get benefited from the application of KM. Therefore, this work focuses
on identifying various test design, execution and result analysis techniques that get
benefited from the application of KM. The identified techniques will be categorized
into tacit, explicit and both types of knowledge so as to provide a keen view into the
knowledge that these techniques utilize.
Various challenges are faced due to KM shortages, e.g. low reuse rate of software
testing knowledge, barriers in software testing knowledge, serious loss of software
testing knowledge, poor sharing environment of software testing knowledge,
impossible to quickly achieve the most optimum distribution of human resources,
testing knowledge not considered for test planning [11][5]. This study calls for further
exploring additional challenges that are faced due to lack of KM. The intent is to provide
the practitioners a reasonable thought into the impact that software testing faces due to
lack of KM.
In order to achieve the objectives of study, a Systematic Literature Review (SLR)
was led keeping in mind the end goal to recognize the various testing aspects that are
being focused while applying KM in software testing, testing techniques that get
benefited from the application of KM and the various challenges faced due to lack of
KM in software testing. Thereby, the identified testing aspects and testing techniques
are provided in a survey to validate or complement and further supplement (i.e. to find
additional techniques) and to classify them based on the level of significance. The
techniques obtained are categorized based on the types of knowledge such as tacit,
explicit and both through this survey. In addition the challenges obtained through SLR
are validated or complemented empirically and further supplemented (i.e. to find
additional challenges) through the same survey.
The thesis is organized using the following sections. Section 2 focuses on giving
the necessary theoretical background about knowledge management and software
testing and their corresponding practices along with its potential contribution to this
study. Section 3 provides the research design which points out the aims and objectives
of this study, research questions addressed. Section 4 details about the research
methodology which includes methodologies considered and data analysis being carried.
Section 5 depicts the process of conducting SLR and survey. Section 6 details about the
results and analysis of literature review. Section 7 depicts about the results and analysis
of survey. Section 8 discusses about the limitations based on the research questions.
Section 9 answers each of the research question addressed in the thesis. Section 10 gives
out the final conclusion of thesis along with the recommendations for future.
2

2

BACKGROUND

2.1.1

What is KM?
As per Davenport, Knowledge Management is,
"A process that streamlines the procedure of, distributing, sharing, capturing,
creating, and understanding of knowledge. And it has been viewed as a source of
competitive advantage for organizations" [30]

Knowledge management was first introduced in 1986 [31] by Wiig. As per Wiig,
its fundamental goals are,
 To make the organizations function as intelligently as possible to secure
their practicality and their overall achievement.
 To understand or realize the organization about their knowledge assets
and its importance.
In most of the cases, knowledge is confused with information and data, but there is
a difference between these 3 categories. As indicated by Davenport [30], data means a
discrete collection of objective facts about events. In a hierarchical connection, data is
normally depicted as organized records of transactions. Information on the other hand
can be in the form of a document. Having a sender and recipient, the information is
expected to change the way the receiver sees it. Therefore it could be knowledge or
information for a receiver. Therefore knowledge is derived from information so as
information from data. If the information is to become knowledge, humans have to
virtually do the task.
Knowledge is one of the most valuable assets of an organization [5]. Tacit and
explicit are considered as the two types of knowledge. Nonaka and Takeuchi [17]
utilizes the explicit-tacit distinction to separate articulated and un-articulated parts of
knowledge. Tacit knowledge is based on experience and is a subjective part of
knowledge which cannot be documented [17]. This knowledge has indefinite factors
like beliefs, perspectives, values and intuition [17]. Even if one puts their maximal effort
into it, it cannot be fully articulated. Explicit knowledge can be documented and can be
accessed by multiple individuals.
Nonaka and Takeuchi [17] considers knowledge creation as a continuous
interaction between tacit and explicit knowledge. Figure 1 details about the four
different modes of knowledge conversion.

Figure 1 Knowledge Spiral
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Socialization:
Tacit knowledge transfer from one individual to another takes place here.
Socialization basically occurs through brainstorming sessions, dialogues, sharing the
experiences etc. The tacit knowledge held by people is the premise for production of
organizational knowledge [6].
Externalization:
It is the transformation of tacit to explicit with a typical symbolic representation of
tacit. This happens through the utilization of models, theories, depictions, drawings etc.
Combination:
It is the combination of various types of explicit knowledge. For example
combination of various documents might create new archives.
Internalization:
It is the transformation of explicit to tacit. This usually happens while reading the
documents, observations of activities. So from built-in explicit knowledge, tacit is
generated.
Knowledge Management can also be defined as an arrangement of hierarchical
exercise which has to be performed in a systematic way with a motive of gaining,
arranging and communicating both the tacit and explicit knowledge, such that
individuals can utilize this knowledge and make their tasks more productive and
effective.
The conversion between tacit and explicit has to be done considering the importance
of creating, capturing, storing, refining, managing, and disseminating the knowledge
for re-using it and hence is Knowledge Management. Rusli Abdullah et al. [12] in his
paper distinguishes each of this constraints in the following way.
Create Knowledge:
Knowledge has to be created or developed such that the individuals know the ways
of developing things. Moreover, most of the organizations face challenges in
recognizing what information is truly helpful among all the data created inside of the
organization. The data must be thoroughly processed and composed to wind up and
make it meaningful and useful with the goal that it should help in future decision making
process. Thereby, it is essential to know what sort of knowledge items are significant
for the organization. From the literature it was found that many knowledge items might
be relevant for an organization and they are lessons learned [32], best practices [33],
knowledge regarding the application etc. External knowledge is to be brought in if
necessary for creating knowledge in few cases.
Capturing knowledge:
Relevant and valuable knowledge should be captured. However, not every
knowledge available in the organization is valuable. Few of the knowledge items may
have irregularities. For example, individuals can create few knowledge activities which
are not that reasonable or in inadequately clarified formats. Thus it is essential to assess
the knowledge item before giving accessibility to the whole organization, especially its
importance and also should the accuracy. As per Winch [34], observations and
understandings of knowledge change from one individual to another. Therefore,
knowledge must be filtered and assessed before it is made accessible. Montino et al.
[35], recommends the utilization of criteria such as completeness, accuracy, consistency
etc.
Refining knowledge:
Knowledge has to be frequently updated if necessary so that it is actionable. Tacit
qualities have to be captured with explicit facts.
Storing knowledge:
Relevant and useful knowledge has to be stored in a knowledge repository in a
reasonable format, in such a way that individuals in the organization can access it.
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Managing knowledge:
Similar to a library, knowledge has to be kept current. It must be checked on to
confirm that it is pertinent and precise. Criteria have to be defined and valuated with the
chosen knowledge items and the others without importance can be erased. Knowledge
maintenance should be done in light of gathered information amid the valuation (user
feedback). This information can give valuable data to distinguish learning things that
need to be upgraded or evacuated. The absence of maintenance is one of the
fundamental reasons for which a Knowledge Management System does not achieve the
assumed output in the organization as denoted by Abecker et al. [36].
Disseminate knowledge:
Knowledge has to be made accessible in a useful format to anybody in the
organization who requires it, anyplace and whenever neeeded.
For effective knowledge usage, many organizations have adopted Knowledge
Management in their core business processes and have developed lot of software tools
and systems for their usage such as databases, data mining, intranets, internet,
conventional Technologies, wiki’s, yellow Pages, ontologies, data warehouses,
recommendation Systems [37][16].
There might arise a doubt for an individual on where or which situation is KM
applicable. Engelhart et al. [38] have mentioned the following categories where KM is
pertinent such as,
 Tasks required to be done by a team on developing software product in
light of client necessities.
 Tasks that require attention on enhancing team's capacity to build a
software product i.e. improving the tasks.
 Tasks that focus in enhancing the organizations ability on developing
software.

2.1.2

Software Testing

Software testing is a group of activities with its fundamental goal to contribute for
the quality of the product being developed. As indicated by IEEE[39], quality is the
extent to which a group of characteristics fulfill the requirements. In simple words it
can be stated as, if a product meets its requirements on a fundamental level that the
product has, is the perceived or desired quality. In order to have quality software
products, Verification and Validation (V&V) tasks are required all through the
development process. IEEE [39] defines it as
Verification:
It is the process of assessing a system or product to figure out if the outcome or
result of a given development phase fulfills the conditions that are posed during the start
of the phase.
Validation:
It is the process of assessing the product or system amid or towards the end the
development process to figure out if it satisfies its specified conditions or requirements.
Verification and Validation (V&V) activities can be static or dynamic. Static V&V
do not need the execution of the product while Dynamic V&V activities do. Static
activities are ordinarily done by means of inspections and technical reviews or audits,
whereas dynamic activities are done by testing [40]. Hence, software testing comprises
of dynamic V&V activities of the conduct of a system on a finite set of test cases,
towards the assumed behavior [41]. A test case consists of set of inputs, desired
execution conditions and desired results of a specific project or unit. As per Myers et
al. [42] testing is "the process of executing a system with a main goal of ﬁnding errors".
As per Pressman et al. [43], testing can be viewed as effective when the program under
testing fails.
During the 90's, testing was done by software developers and it wasn't being
considered as an essential methodology. There used to be a problem in detecting defects
5

and not all of them were detected. The condition turned out to be more regrettable when
applications began turning out to be more perplexing because of the rise of new
advancements, thus making organizations seek in enhancing software product quality.
It is from this decade, where the software testing started to be dealt not just as an activity
in development process, but rather as an independent procedure [44]. The fundamental
target of testing procedure is to enhance quality of the product being developed by
lowering its defects [44].
Testing activities are upheld by a well-defined testing process. The test process
constitutes of a numerous activities such as test planning, test case design, test execution
and test result analysis [41]. On a brief note, test planning includes coordination of
testing personnel, administration of test facilities and equipment, scheduling test
activities, and planning for conceivable undesirable results. Test case design aims in
designing test cases of the experiments that are ought to be run. Test cases ought to be
executed as defined in test scripts. Amid test execution, test cases are run for results. At
last, during test result analysis, test outputs are assessed to figure out if or not tests have
been effective in recognizing defects.
Apart from the activities mentioned above, testing techniques, testing levels, testing
phases, test artifacts and testing environment are also coordinated into testing process
and are portrayed briefly below.
Testing techniques:
The best way to guarantee the accuracy of software will be through a thorough test
i.e. executing the product with all blends of input values. On the other hand, this practice
is not so attainable, in light of the fact that the input can be infinite or might even be
substantial [42]. Therefore, techniques should be chosen based on the set of test data.
The fundamental reason behind having these testing techniques to be as standardized or
precise as possible is to recognize the software behavior, for example by considering
input classes, data flows, different scenarios etc. [41]. In general, testing technique
classification relies on how the test cases are to be generated or produced [40].
Figure 2 shows about white-box and black-box testing by indicating external and
internal structure of the product. User-acceptance testing was also indicated which will
be done to make sure that the solution works for user [12].

Figure 2 Methods of Software testing
As per Mathur [40], testing techniques can be classified into Black-box testing and
White-box testing. Black-box testing techniques produce test cases depending on the
input/output conduct without the help or use of the code, they test the functionality of
the product as an external structure. At the point when the requirements are casually
specified, one could utilize ad-hoc technique or heuristics such as equivalence
partitioning, decision table testing, boundary value analysis etc. to produce tests.
Whereas in white box testing, the code is utilized as a part in generating test cases or in
general, testing the internal structure of the product i.e. coding part. Control flow
techniques such as sentence, branch, condition, path and decision techniques and data

6

flow techniques such as All-definitions, All-c-uses/some-p-uses, All-uses, All-du-paths
can be utilized for direct and indirect code based test generation.
Defect based testing which is a view of conceiving tests specifically for uncovering
faults such as Mutation technique. Model based testing happens when the requirements
are clearly specified, for instance utilizing one or many mathematical notations, for
example state charts etc.
Test level:
A critical component of testing is that tests are varied based on the phase or stage
they occur i.e. testing for the most part is performed at different levels. Three critical
testing levels are recognized as Unit testing, Integration testing and System testing. Unit
testing emphasis is on the units or single components (smallest testable part of an
application) of a software product. The objective is to guarantee that the unit functions
in compliance with what it is meant to be. Unit tests are basically written by software
developers in order to make sure that the code is in compliance with the design and
behavior as intended. At the point when units are integrated or combined, a vast
component is formed. Testers do integration testing for that component. Integration
testing objective is to guarantee that the combination or integration of units function as
it is intended to. When the whole system has been developed, testing it is referred as to
system testing[41][40]. Apart from these testing phases or levels user acceptance testing
fall under testing level category [45].
Test artifact:
Test artifacts are utilized as well as delivered all through the testing process.
Documentation is an indispensable part of formalization or record of testing procedure
[41][15]. As indicated by IEEE [39], test plans, test procedure, test cases, test code, test
results fall under testing artifacts. During the testing planning stages, key test artifact
"Test Plan" is developed. Test plan depicts how the test is ought to be performed and
gives indications for future or further activities. During test case design process, test
case artifact are produced. Test case artifacts deal with test cases which might include
the input data, assumed results, and general steps for accomplishing the test case. Amid
the test execution activity, tests are run which ought to be documented. The outcomes
are recorded in the test results artifact. During test result analysis, test results are
analyzed and its artifact test result analysis report is generated or created.
Test Environment:
Test environment might be any structure on where testing is performed. Elements
such as human resources and hardware play a crucial role during testing. Human
resource is in charge of setting up a segregated, organized and quantifiable test
environment to guarantee the disclosure of occurrences, and above all, give
confirmation that there is not any outer influence. It is essential for arranging a testing
environment that is in compliance with testing policies and procedures [46].
On grouping the whole, the testing process is shown in Table 1

Table 1 Testing Process
Type
Testing activity
Testing strategy

Testing level target or
Types of tests at
different stages of
Software development
Testing type

Possible attributes
Test planning, test case generation, test execution, test
result analysis and evaluation, defect tracking.
Code based testing, fault based testing, usage based
testing, application type based testing, tester intuition
based
Unit, integration, system, Acceptance

Acceptance testing, installation testing, beta testing,
functional testing, regression testing, performance testing,
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Testing method
Testing technique

Testing automation
level

2.1.3

stress testing, Structural tests, Usability tests,
Performance, Endurance, Stress, Load testing.
Black-box, White-Box, Grey-box
Boundary value analysis, equivalence partitioning,
decision coverage, condition coverage, path testing, dataflow, control-flow, Error guessing, Exploratory, Informal
reviews, Walkthroughs, Technical reviews, Inspection etc.
Manual, Mixed, Automated.

KM in Software testing

What happens if testing knowledge is not shared?
Amid testing planning, testers for the most part select testing strategies, prioritize
tests, define test regression strategies and then choose the best testing technique for a
given project or part. The knowledge about the methods and the techniques is essential
i.e. methodological knowledge. Experience as well as knowledge are additionally
needed to gain a deeper understanding of testing technique behavior [47][48] but testers
do not have tendency to share the knowledge or information that they gain by utilizing
testing techniques with others [7]. This implies that they miss an opportunity of
knowing and learning the experience of others. Testers utilize this experience to
improve their job performance. The issue is, the experience gained by individuals from
distinctive projects is limited to them and isn't known to other or shared to their team
members (in most of the cases). This issue presumably occurs by the fact that the
knowledge associated with testing has specific eccentricities.
Most of the testers are self-educated and have never read a book on the subject [49],
and training will be frequently taken to successfully carry out their occupations [50]. It
is a certainty that testers have very limited constrained knowledge of the testing
techniques that are presently available to them [25]. Technology transfer between the
research and industry in testing often lacks, implying that industry testing practices are
not effective and leave a huge information to be captured and so is testing a knowledgeintensive activity [51].
Testers conduct similar exercises or tasks and come up against similar issues as
they chip away at diverse projects. Testing groups in most of the cases do not use the
knowledge acquired and the experience gained as it is limited to each individual in
particular. Subsequently, same mistakes are about to be made over and over again,
despite the fact that there are individuals in the organization who can stop this errors in
occurring. In such manner, valuable and fruitful practices are not reused. Each and every
testing project serves as a source of knowledge and experience. Thereupon, this
knowledge and experience can be reused by the organizations if and only if the
organization are capable for extracting the testing knowledge and providing access to
the one who are in need of using this knowledge. This serves as a primary aim of KM
discipline.
2.1.3.1

Importance of KM in Software testing:
The primary objective of KM in software testing is to transfer the knowledge and
experience between the individuals in the form of documented test cases as well as
utilizing knowledgeable testing personnel for test designing, executing and
interpretation all the while.
Throughout the testing process from test planning to test result analysis, reporting
the test outcomes benefit through experience as well as knowledge management [52].
Among these activities, the one which utilizes laborious help and utilization of
knowledge are as follows.
During the design of the test cases which also includes finding the test conditions
and objectives i.e. it requires both the domain and testing experience as well as
knowledge to derive test cases, while choosing test information and test assessment
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tasks, while characterizing expected outcomes, while implementing the test cases for
execution, and in addition during compiling test suites and also during test coverage
criteria i.e. test stop criteria (when to stop testing). In addition, knowledge plays a role
as a test oracle to identify whether the obtained result after execution is in compliance
with the expected outcomes i.e. correct, expected outcome or incorrect, defective
outcome. Considering all these aspects, it is clear that there is a vast knowledge that has
to be stored [53].
Considering testing technique selection, experience and KM plays a crucial factor
in selecting the testing techniques that infer and/or choose the test cases in light of the
tester's experience and intuition [54]. The question is how the experience as well as
knowledge can be gained or identified by an individual. In general, testers gain
experience from various sources such as testing the previous versions of the system,
involving in analyzing and fixing the defects, working under development and
maintenance as well as working under similar domain software systems are the one
which are the most mentioned sources [52]. Thus, all this relevant knowledge has to be
captured and stored.
Finally based on KM strategies, we can state that effectiveness and efficiency
increases for the product undergoing testing [55]. Knowledge Management in Software
testing is essential to propel the testing level and strain capacity, enhance quality of the
software and to have many economic advantages [51] (in terms of money or capital) .

2.1.4

Related Work

Desai et al. [9], in their research paper posed various problems faced due to lack of
KM such as less re-use of software testing knowledge, barriers in transferring software
testing knowledge, difficulties in achieving most optimum distribution of human
resources etc. They also proposed a solution that yielded positive results on integrating
KM to software testing.
Regarding knowledge management in software testing, few papers
[10][56][52][55][9][57][19][58][11][7][12] have summarized about the state of art and
few about the state of practice about KM initiatives in software testing
Xue-Mei et al.[56], have summarized the state of art and practice regarding
knowledge management in software testing. A KMS was designed and implemented in
an organization which can help enterprisers to store, maintain and search explicit
knowledge with the help of documents. There by proposed technologies that can be
used under KM in software testing. An example of knowledge map is given on how to
store the employee’s database based on their expertise in software testing.
Taipale et al. [57], discussed about KM practices in software testing which focused
on five organizational units and from the results it was proposed to enhance testing
practices using KM strategies in specific organizational units.
Kein Wei et al. [19], discussed the implementation of KM framework in mobile
software system testing and how it benefits the organization in terms of decreased cost
and increased productivity.
Beer et al. [52], proposed that exploratory testing is the one which requires
experience in software testing.
de Souza et al. [5], have discussed about the studies of KM that were focused on
aspects of software testing such as testing process, test phases, test cases and testing
techniques etc. In a similar way, aspects that are related to KM practices are also dealt
such as knowledge management model, knowledge capturing, knowledge elicitation,
knowledge retrieval, knowledge dissemination etc.
KM has been investigated for two decades and a wide range of tools and
technologies was built. Regarding knowledge management initiatives in software
testing, very few studies reported certain methods, tools and techniques such as
knowledge ontologies, knowledge management model, knowledge maps or yellow
pages and intranets etc. Most of the studies focus on explaining about the storage of
explicit knowledge rather than tacit and even has an empirical evidence
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[56][9][11][57][7]. For example, storage and re-use of test cases is a perspective that
has received more attention [5]. However, most of the studies focused on implementing
a KM framework to strengthen software testing process [7][12].
As KM in software testing being a recent research [5], the authors interest has led
to research in this area. Despite significant efforts performed by authors on the
implementation of KM in software testing, many of the papers cited above have just
reported solutions on storing explicit knowledge but have not mentioned whether they
suite for specific software testing technique.
Research gaps in the presented studies:
1. Focusing on storing the tacit knowledge, its importance and how to store it.
In addition, to get to know about the aspects as well as techniques that are
in need of tacit knowledge and KM aspects.
2. Focusing on testing types and getting to know the importance of the type
that utilize KM practices more.
3. Focusing on the testing aspects, testing techniques that utilize KM practices
more and the knowledge that these techniques require, and additional
challenges faced due to lack of KM practices in software testing.
Due to time constraint of the thesis, author has chosen the third research gap despite
of the fact that the third research gap was having a huge scope rather than the other two.
However, there is no study which focused on identifying what type of knowledge is
required to perform which kind of software testing techniques. Therefore, the need for
finding out the techniques and aspects of software testing that benefit from KM is
required and this problem has motivated for this proposal.
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3

RESEARCH DESIGN

3.1

Aims, Objectives and Research Questions
The main aim of this research is to identify the implementation of KM in software
testing, the software testing techniques that utilizes KM practices more or get benefited
by applying them and the knowledge that these techniques require. In addition
challenges that are faced due to lack of KM practices in software testing are also
investigated. The key research objectives to attain this goals include
 O1: To identify various software testing aspects that are being focused
while Knowledge Management is applied in the literature.
 O2: To identify which of the aspects in O1 received more attention while
applying knowledge management. i.e. the aspects which use KM more
 O3: To analyze the software testing techniques i.e. test design, test
execution and test result analysis techniques and evaluate and supplement
the techniques which have more involvement of KM practices.
 O4: Based on the results from O3, here the objective is to identify software
testing techniques where tacit or explicit knowledge is currently used. This
is obtained by conducting a survey.
 O5: To gather challenges faced by the organization due to lack of KM
initiatives in software testing by conducting a survey.

3.2

Aims, goals and Research questions

3.2.1

What are we studying?

We have studied various testing aspects that are being focused while KM is applied.
We conducted a survey in order to answer our research questions. We studied the testing
techniques and testing aspects that utilize KM practices more and also found various
challenges that are faced due to lack of KM practices in software testing.

3.2.2

What we are interested in and why?

Software testing is the dynamic verification of real against expected project
outcome on a finite set of test cases, suitably chosen from the most part on infinite
execution area [41]. Software testing has turned out be more boundless and is presently
used in critical and complex applications, making this procedure progressively vital,
critical, costly and complex and also for more noteworthy and unwavering quality.
Earlier studies claimed that testing procedure account for half of aggregate in total
project development i.e. 50%.
In addition, Software testing is a knowledge intensive process and the usage of
Knowledge Management methods and principles benefit software testing knowledge.
During software testing, a significant amount of information is generated that needs to
be captured for the re-use of software testing knowledge [10]. Therefore, it is essential
for the usage of KM principles to stimulate knowledge storage and sharing as well as
to act as a source of new knowledge [59]. In order to utilize KM and to overcome the
issues faced during testing, several tools and techniques were developed.
We are interested to know the software testing aspects, techniques that utilize KM
practices more. In order to explore this, we have found various software testing aspects
and testing techniques and studied the impact of KM on it. We were also interested to
know the challenges faced by organization due to lack of KM practices.

3.2.3

Why it should be interesting to others?

This study will enhance the knowledge about the role and importance of knowledge
management in software testing. This will help the testing personnel to capture and store
the knowledge of individuals in specific testing aspects and testing techniques that
require KM practices more. In addition, testing techniques and the kind of knowledge
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it utilizes is also explored. The scope of this study embraces researches that study or
apply KM in software testing to benefit the domains of testing or software performance.
Moreover, finding these results could also help in allocating testing personnel with more
knowledge and skill to the one which requires more involvement of tacit knowledge.
Both the industry as well as the research community will benefit from this research.
Following are the research questions formulated to attain the objectives for this
research.
 RQ1: What are the aspects that are receiving more attention while applying KM
in software testing literature?
Motivation: RQ1 is inspired by De Souza et al. [5], who have done a systematic
mapping to find out the studies related to knowledge management in software
testing. De Souza stated various testing aspects that gets focused while applying
Knowledge Management in software testing literature but lacked in stating the
importance of each testing aspect in the context of Knowledge Management.
Thus, in this paper we found out additional testing aspects being focused in
software testing literature and empirically investigated the importance of each of
the testing aspects in the context of KM.
 RQ2: What software testing techniques benefit most from the application of KM
practices?
Motivation: RQ2 investigates the importance of various testing techniques i.e.
test design, test execution and test result analysis techniques. This question is
partly based on the work of De souza et al. [5], Beer and Ramler [52] who claimed
that exploratory and Ad-hoc testing techniques get benefited from the application
of KM. In this paper, we empirically investigated the De Souza’s view point as
well as figured out in exploring further techniques that might be considered as
important in the context of KM.
 RQ3: Which types of knowledge, tacit and explicit is required to perform which
kind of software testing techniques?
Motivation: RQ3 investigates in finding out the knowledge that each of the
testing techniques require. Since no study has made efforts in finding out RQ3, it
thus motivated to find out the knowledge that the testing techniques require.
Based on the results obtained for RQ3, testing personnel with more knowledge or
experience can be applied to the techniques that require tacit knowledge and are
important in the context of KM.
 RQ4: What are the challenges faced by the organization due to lack of KM
practices in software testing?
Motivation: RQ4 is inspired by Liu et al. [11] who have identified the various
challenges that ae faced due to lack of Knowledge Management. However, they
did not suggest the impact that the challenges have in the context of KM. Thus,
in this paper we empirically investigated the challenges obtained through
literature as well as further explored in identifying additional challenges that are
faced due to lack of KM.
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4

RESEARCH METHODOLOGY
Mixed approach constituting both qualitative and quantitative was utilized in this
study. Systematic Literature review and web-based survey are the activities executed to
answer the research questions of this study.

4.1

Systematic Literature Review
It is worth to note that planning for SLR is independent of the selected search
approach [60]. In the current research, for the fundamental strides of planning and
motivation of systematic literature review, snowballing is chosen as a search approach
rather than the database approach. In the current section, why database search was not
chosen will be explained followed by discussing about the pro's and favorable
circumstances of utilizing snowballing methods, and extended design for start set.
Why not the search database approach (SLR)?
The primary reason behind opting out the database search (e.g. SLR) was that it was
extremely difficult to formulate a good search string, since the utilized terminology is
not standardized and if the search string is reached out to catch in a more extensive
viewpoint then many number of irrelevant and superfluous papers will be found in the
search [1][61][62]. In addition, it makes generous manual work that likewise is errorprone [1]. Additional challenges with the database approach is, for instance
determination of databases, having diverse interfaces for the databases, distinct ways of
developing search strings, distinct search confinements in the databases and
identification of synonyms of terms utilized which certainly prompts the danger of
missing critical literature [1][60]. Wohlin in his research papers demonstrated an
example which portrays the trouble with inconsistency in terminology i.e. while
utilizing database approach, couple of important and relevant papers were not
discovered based on the search string formulated using the guidelines, however these
papers were discovered using snowballing approach [1]. In the current study, there is
an inconsistency in the terminology, since aspects of software testing that receive more
attention while KM is applied were actually not mentioned the same in most of the
literature. As specified earlier, when database search was utilized in such situation it
may result in larger and a broad perspective of capturing studies where the chosen
search string must be enhanced bringing out or resulting in expansive number of
superfluous papers and creating more manual effort. In addition, other goal of this study
was to find out the testing techniques that gain attention while KM is applied which is
not straight forward in the literature, in which string formulated keywords and
continuing with database approach could result in a risk of getting more irrelevant
papers.
Hence, alternative methods such as snowballing procedure was considered, based
on the guidelines by Wohlin [1].

4.1.1

Snowballing as Search approach

Many authors stretch the significance of systematic approaches for building
knowledge through literature, such as evidence based software engineering by
Kitchenham et al.[63], information systems research e.g. by Webster and Watson [64]
and concept of synthesis of results by Hayes [65], Wohlin et al. [1].
Wohlin explained about the ways of utilizing snowballing as a search approach for
systematic literature studies by supplementing the previous guidelines for systematic
review in software engineering [1]. Snowballing guidelines are shown and assessed by
augmenting a published reliability study of SLR [1]. However the assessment gave the
confirmation that utilizing snowballing as the primary approach is tantamount to the
database search as far as efficiency is concerned. The principle benefits of utilizing
snowballing is its emphasizes on papers actually referenced or papers referring i.e. cited
papers is included, where there are more chances that the noise is lesser when compared
with database approach. Likewise, it was also proven to use it for systematic literature
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study since new studies at the least must cite one paper among the previous pertinent
studies or the systematic study already done in that specific area [1].

4.1.2

Why google scholar was not chosen for selecting the start set?

Wohlin proposed google scholar to discover the start set of papers which is the
beginning point for snowballing procedure [66]. It was said that to evade publisher bias,
google scholar could be used. But in certain circumstances, google scholar lacks in
choosing the extent of its scope i.e. it finds too much data. In addition it lacks in
providing certainty in terms of academic quality and currency of most of the records
[67]. Though it might be easy for experts in specific study to select good start set of
papers amongst the results obtained, yet it does not appear to be relevant for everybody
as from the perception of google scholar cons. In addition, experimental study results
indicated that the start set of papers resulted are far from perfect as the resulted start set
papers have same authors in common in most of the papers. Howbeit, since Wohlin
utilized the research questions from the original primary study, no further actions were
taken [1]. Keeping in mind the end goal, to overcome this risk, a careful observation of
the studies from the author's perspective is likewise taken into consideration.
Howbeit the experimentation by Wohlin has demonstrated promising results that
the usage of snowballing is good as multiple database search in terms of efficiency and
productivity. The aforementioned factors have motivated us to employ snowballing for
our SLR. . Thereby, in our approach we selected different database and extended the
design of start set, the details of which are explained in Section 4.1.3

4.1.3

Why only Engineering Village is used to find tentative start set
of papers?

In this research, "Engineering village" was used for selecting the start set papers.
Knisley recommended "Engineering Village" as a prior database to search for papers in
comparison with other databases [67]. This study was done by directing comparisons
of databases along with the search engines for designing data with reference to the
combination of various results provided by researchers under the current topic [67]. In
addition, auto stemming and related papers availability is an additional feature to go
with engineering village.
When comparing it with google scholar on finding the start set of papers, it was
observed that google scholar has drawbacks when including the extent of its scope (it
produces and results lot of data) and con’s such as vulnerability about the academic
value, currency of few records and sorting them in accordance with how important and
well known they are [12]. In the current research google scholar was not picked, as the
study indicates two different terms that are narrowed, such as artificial intelligence ->
Knowledge Management, Software process -> Software testing -> testing aspects and
testing techniques. This demonstrates that this study requires consistency and extent of
finding the relevant articles ought to be more which made us in opting out google
scholar.

4.2

Web-based Survey
After finishing the SLR, the author directed empirical research to validate or
complement and further supplement the findings of it. Empirical research can be done
as such by utilizing surveys, case studies and experiments. Because of the controlled
environment of an experiment and the fact that it is utilized to control the circumstance
and the conduct precisely [68], experiments are not suitable for the current research. In
addition case studies are conducted keeping in mind the end goal to watch why and how
things happen and to examine the facts identified with the context [69]. Finding out the
testing aspects that are focused while implementing KM strategies and finding out each
and every test design, execution and result analysis techniques that benefit from
application of KM practices would have been troublesome. In addition, finding out
challenges due to lack of KM practices would also have been a barrier through case
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study. Besides, summing up the results of a case study in our research context was also
difficult. That is the reason on why the case study approach was not accurate for our
research.
Henceforth, the empirical research was directed with the assistance of web-based
survey. We conducted the survey to investigate the testing aspects in which KM is more
useful, testing techniques that benefit from the application of KM practices, the
knowledge that these techniques utilize, challenges faced due to lack of KM practices
in software testing. The purpose behind conducting survey was to collect more data
from the practitioners working at different organizations. In addition, survey helps in
finding and understanding the opinion of a larger population and also in generalizing
the results.
In light of the evidence found in the literature review, we have designed our survey
questionnaire. The key reason behind choosing questionnaire as the data collection
method is that, “these are the most common field that can be administrated quickly and
easily” [70], less time consuming and the data can be collected from large number of
respondents from various geographical locations. The author has contacted various
individuals working in different positions in the organizations to take part in the survey.
The author has joined in various Testing and knowledge management groups and
forums online and disseminated the survey on those communities. After the finish of
survey, author have discovered the similarities and contrasts between the evidence
found in literature and survey.

4.3

Data Analysis
Non-numeric data having various types of values is dealt as qualitative data [71].
Qualitative data can likewise be termed as data in descriptive form which can neither
be tallied nor be measured [72]. Qualitative data analysis is utilized to convert these
sorts of data into rational findings. In light of the fact that qualitative data analysis is
one of a kind and is intensely dependent upon the reasoning and decision making of an
analyst, there is not any specific equation or formulae for qualitative data analysis [73].
Because of these specified reasons qualitative data analysis turns out to be more
troublesome. Howbeit, there are various types of guidelines available for Qualitative
data analysis. The information gathered through SLR and Survey was initially analyzed
separately and after that it is mutually analyzed i.e. jointly.

4.3.1

Narrative analysis

To subjectively analyze the data extracted through snowballing, we have conducted
narrative analysis. As indicated by Cruzes et al. [74], narrative analysis can be utilized
to analyze reviews from both the qualitative and quantitative researches. It is one of the
most utilized analysis method for analyzing the information gathered through
systematic reviews. A unique characteristic of narrative analysis is the selection and
inclusion of narrative summary of the resulted studies to the synthesis process [75].
Other than depicting the findings from the review, it includes in the determination,
selection, ordering and reporting of data extracted through literature. Utilization of
narrative analysis helped in extracting elucidations on a high level base abstraction.
Information extracted from SLR was analyzed using narrative analysis (#for RQ1, RQ2,
and RQ4).

4.3.2

Comparative analysis

Comparison is an essential part in any research. Thus, as to comprehend the
likeliness and the contrasts between the entities, researchers utilizes various types of
techniques [76]. Qualitative comparative analysis is a technique that can be used on the
issues making causal obstructions on a small quantity of variables [76]. In qualitative
comparative analysis an element is compared with another element to discover which
elements are different and which are basic among them [77]. Since discovering the
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likeliness and contrasts between the literature and survey regarding the techniques that
benefit from application of KM practices, challenges faced due to lack of KM in
software testing are two among the objectives of current research, we chose to utilize
Qualitative comparative analysis which additionally helped out in discussing the
findings.

4.3.3

Statistical analysis

Statistical analysis deals with assessing the information based on the variables and
statistical methods [78]. Following are the statistical methods utilized to analyze the
aftereffects of survey (In terms of demographics with testing aspects and testing
techniques)
4.3.3.1

Likert scale:
Likert scale stands out as the most regularly utilized scales as part of survey
questionnaires. It measures the approval or disapproval of respondents to a question on
a four point scale (sometimes even may be five or three or eight or nine). Scale is
normally requested through the agreements such as (1=Very Important, 2=Important,
3= Not very Important, 4= Not Important) [79]. Likert scale can be dealt as Ordinal or
Interval scale. But in the current master thesis, Likert scale was dealt with ordinal scale.
It is conceivable to utilize either or both of statistical methods such as descriptive
and interferential for analyzing the data. As the objects represent a non-probabilistic
sample, Descriptive analysis was taken into account. Close-ended questions (that
includes Likert scale) in the survey were examined and analyzed based on descriptive
analysis to give synopses of the sample and measures [75]. Descriptive analysis is
likewise used to portray the essential and basic features of information in the study.
Additionally, descriptive analysis helps in condensing and arranging the obtained data
in a precise and justifiable way [68]. We have utilized descriptive analysis to assess the
sample size for the survey numerically based on indexes such as mean, standard
deviation and Variance. Based on statistical analysis we can observe which testing
aspect receive more attention while KM is applied and which testing technique utilizes
and benefits through KM practices more and the knowledge that it requires.
Chi-square test of significance was utilized to find the statistical significance among
two variables. It involves the differences between the obtained frequencies during the
survey and the expected frequencies if there are no differences in the categories of the
variables. It is mainly used to find out if there is any statistical difference between
obtained values and expected values and also to find, if the difference is due to sampling
errors or not [79].
In general, there are two hypothesis associated with the chi square test namely null
(H0) and alternate hypothesis (H1) as follows:
Null hypothesis: A default position or null hypothesis assuming that there is not
any contrast between the one variable and the other with which it is compared.
Alternate hypothesis: An alternate hypothesis assuming that there is a contrast and
difference between the one variable and the other with which it is compared.
Chi square statistics was measured in accordance with the following equation.
(𝑓0 − 𝑓𝑒 )2
𝜒2 = ∑
𝑓𝑒
Where, 𝑓0 = 𝑂𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦, 𝑓𝑒 = 𝐸𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦
After getting the chi-square value, it has to be compared with critical chi-square.
The critical-chi square value figures out if the author can approve or disapprove the null
hypothesis. Before that, the level of significance that this thesis accepts for the results
of chi-square is 0.05 or 95% as indicated by Rea Parker [79]. The degree of freedom
can be calculated using the formulae such as
𝑑𝑓 = (𝑐 − 1)(𝑟 − 1),
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Where, 𝑑𝑓 = 𝑑𝑒𝑔𝑟𝑒𝑒 𝑜𝑓 𝑓𝑟𝑒𝑒𝑑𝑜𝑚,
𝑐 = 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑎𝑡𝑒𝑔𝑜𝑟𝑖𝑒𝑠 𝑐𝑜𝑛𝑠𝑖𝑑𝑒𝑟𝑒𝑑 𝑖𝑛 𝑐𝑜𝑙𝑢𝑚𝑛 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒,
𝑟 = 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑎𝑡𝑒𝑔𝑜𝑟𝑖𝑒𝑠 𝑐𝑜𝑛𝑠𝑖𝑑𝑒𝑟𝑒𝑑 𝑖𝑛 𝑟𝑜𝑤 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒.
Subsequent to getting the chi-square significance value and the degrees of freedom,
it has to be compared as follows which was explained in detail in Table 2

Table 2 Critical Values of the Chi-Square Distribution [79]
∗

𝒅𝒇

𝝌𝟐.𝟎𝟓

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

3.841
5.991
7.815
9.488
11.070
12.592
14.067
15.507
16.919
18.307
19.675
21.026
22.362
23.685
24.996
26.296
27.587
28.869
30.144
31.410
32.671
33.924
35.172
36.415
37.652
38.885
40.113
41.337
42.557
43.773

If the obtained chi-square with respect to degree of freedom value is less than that
of critical chi-square, the researcher can reject the hypothesis and state it as Nullhypothesis (H0) [79]. If the obtained chi-square vale with respect to degree of freedom
is more than that of critical chi-square, researcher can accept the hypothesis indicating
that there is significance i.e. Alternate hypothesis (H1) [79].
In addition, validating the chi-square test of significance values relies upon various
considerations that the author ought to pay attention on while conducting and
interpreting the results. The considerations such as expected frequencies for each
categories should at the least be 1. Furthermore not more than 20% of the categories
ought to have expected frequencies of value less than 5 [79]. On the off chance that
these conditions are not met, then the chi-square results obtained are invalid [79].
4.3.3.2

Friedman test
Descriptive statistics was performed with the aid of Friedman test to test the
variance between the testing aspects and the testing techniques and the KM importance
[80]. It is worth to be noted that Friedman test is usually used for generalizing the overall
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differences but not as to convey which aspect or techniques differs from each other. The
primary reason behind conducting Friedman test is, when there is no significant
relationship obtained from population parameters, non-parametric test such as Friedman
test is dealt to be feasible [81]. By conducting the Friedman test, the difference or the
variance (Standard deviation variance) along with the significance in accordance with
each value can be depicted using mean rank.

4.3.4

Cramer’s V and PHI (𝜙):

While Chi-square decides the presence of relationship among two variables.
Cramer's V depicts the strength of the relationship among two variables i.e. Nominal
scale [79]. The measure ranges from 0 to 1. If V = 0 then there is "No association" and
if V=1 then there is a "strong association" [79]. Cramer’s V can be calculated using the
following formulae.
𝜒2
𝐶𝑟𝑎𝑚𝑒𝑟 ′ 𝑉 = √
𝑛(𝑀 − 1)
Where
𝜒 2 = 𝐶𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒𝑑 𝐶ℎ𝑖 𝑠𝑞𝑢𝑎𝑟𝑒,
𝑛 = 𝑆𝑎𝑚𝑝𝑙𝑒 𝑠𝑖𝑧𝑒,
𝑀 = 𝑚𝑖𝑛𝑖𝑚𝑢𝑚 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑟𝑜𝑤𝑠 𝑜𝑟 𝑐𝑜𝑙𝑢𝑚𝑛𝑠
In such circumstances that the variables contain only two categories then Phi (𝜙)
shall be considered rather than Cramer’s V [79].
𝜒2
𝑃𝐻𝐼 (𝜙) = √
𝑛
Where,
𝜒 2 = 𝐶𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒𝑑 𝐶ℎ𝑖 𝑠𝑞𝑢𝑎𝑟𝑒,
𝑛 = 𝑆𝑎𝑚𝑝𝑙𝑒 𝑠𝑖𝑧𝑒,
When the Cramer’s V, PHI (𝜙) value is in between 0 and 1, it could be interpreted
as per the measures of association as detailed in Table 3.

Table 3 Interpretation of calculated Cramer's V, PHI and Measures of
association [79]
Measure
.00 and under .10
.10 and under .20
.20 and under .40
.40 and under .60
.60 and under .80
.80 to 1.00

4.3.5

Interpretation
Negligible association
Weak association
Moderate association
Relatively strong association
Strong association
Very strong association

Alternate analysis method

There are numerous choices for analyzing both the qualitative and quantitative data.
One conceivable option for analyzing the data extracted through literature review and
survey was grounded theory [82][83]. As indicated by Glaser et al. [84], researchers
ought not to have any pre-considered thought regarding the information for opting
grounded theory. On the other, in our situation we were certain about the extracted
information, its analysis and what we were searching for.
In addition, we could likewise utilize thematic analysis [85] as an alternate analysis
approach. When contrasted with narrative analysis, thematic analysis implies limitation
on the information being analyzed because it searches for repetitiveness of themes
within the accessible information [85]. On the other hand, Narrative analysis helps in
discovering recurring themes from the obtained data however the distinction between
narrative and thematic analysis is that narrative analysis does not simply concentrate on
one specific theme.
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5

DESCRIPTION OF RESEARCH METHODOLOGY

5.1

Snowballing Procedure
Snowballing strategy includes two stages: (1) Deriving the tentative start set of
papers (2) Conducting forward and backward snowballing in iterations

5.1.1

Design and deriving tentative start set of papers

As per Wohlin [1], a good start set ought to have the following qualities:
 Focusing on diversities of papers which ought to cover diverse
communities, different authors, publishers and years. To accomplish this,
it is essential to have following things possessed in start set
 The size of the start set or number of papers in the start set relies upon the
extent of the area being concentrated. For instance, research with a specific
area focus might require less papers that that of a broad area
 If a lot of papers have been obtained based on the search string, then the
papers with high citations and having most relevant references might be an
alternative to get perfect start set papers.
 To alleviate the risk of missing pertinent papers using slightly different
terminology, synonyms can be favored with keywords obtained from
research questions.
Following steps were conducted for selecting the tentative start set of papers,
Step 1: Search string and database selection:
The author has formulated the search string based on major keywords from the
research questions used. Synonyms or alternatives are also used as additional terms to
keywords. In order to Intersect and incorporate the search results based on keywords,
Boolean operator’s namely AND and OR were used. Table 4 lists about the various
types of keywords used in the search string.

Table 4 Keywords Used
Software Testing Keywords
Software testing- A1

Software test- A2

Knowledge Management related
Keywords
Knowledge Management- B1
Tacit Knowledge- B2
Explicit Knowledge - B3
Knowledge creation- B4
Knowledge acquisition- B5
Knowledge sharing- B6
Knowledge retention- B7
Knowledge valuation – B8
Knowledge use- B9
Knowledge discovery- B10
Knowledge Integration – B11
Knowledge theory – B12
Knowledge – B13
Knowledge engineering- B14
Experience transfer- B15
Technology transfer – B16

Following search string was used to find the start set papers for this research.
Search String Used:
(“A1” OR “A2” OR A3) AND (“B1” OR “B2” OR “B3” OR “B4” OR “B5” OR
“B6” OR “B7” OR “B8” OR “B9” OR “B10” OR “B11” OR “B12” OR “B13” OR
“B14” OR “B15” OR “B16”)
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Getting a good start set of papers is similar to the difficulties in identifying search
strings in database searches. As denoted earlier in Section 4.1, the current research
confronts the trouble with inconsistent terminology. Thus, the primary focus here is to
determine a good start set rather than focusing on a good search string unlike database
search. A general search string and Engineering village database were used.
Before conducting the systematic review, we tested its protocol. This test was
directed keeping in mind the end goal to check its feasibility and adequacy by taking
into account a pre-selected set of studies that were relevant to our study. Specifically,
to enhance the search string, the terms were concocted in an iterative manner, i.e. we
began with an initial set of terms and iteratively enhanced this set until all pertinent prechosen studies were obtained. Review was conducted by author and was validated and
examined by supervisor. All the studies were analyzed and evaluated by supervisor.
Step2: Tentative start set of papers
The search string was executed in Engineering village. We included only the studies
that are published just in English. The author has decided the inclusion of the studies
on the basis of title and abstract. In case if we were not able to decide the inclusion/
exclusion of study on the basis of title, the abstract was studied, or the full text if needed.
The primary reason behind this was to ensure that we do not miss any article that is
relevant to our start set selection of papers. We have abandoned those articles that are
lacking full text availability. Inclusion and exclusion criteria is explained below in
detail.
Inclusion Criteria:
 IC1: Articles that are in English and are published from 2003-2015.
 IC2: Articles are published Journals, conferences.
 IC3: Articles that are available in full text
 IC4: Studies should be peer reviewed
 IC4:
I.
Articles that focus on knowledge management practices used for
supporting software testing (design, execution and analysis).
II.
Articles that deals with challenges faced by practitioners due to lack of
knowledge management under software testing.
Exclusion Criteria:
 EC1: The study is an older version of another study which is already done.
 EC2: Grey and white literature studies
 EC3: Duplicate studies
 EC4: Study that does not reflect any research type
Figure 3 illustrates about the selection of start set papers based on Inclusion and
exclusion criteria.

Figure 3 Start set procedure
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The inclusion and exclusion criteria were applied for extracting the start set of
papers. As detailed in Figure 3, the search string execution performed on June 13th 2015
resulted in 4832 papers, upon using IC1 it produced 2774 results i.e. Articles that are in
English and are published from 2003-2015, the primary reason behind choosing papers
from 2003 is that KM initiatives in software testing is recent starting basically from
2003 [5], since then the research under this study was stable. Upon using IC2, and EC2,
2689 results were popped up. Title screening was done for 2689 papers which made us
in selecting 285 papers among them. The abstracts of the 285 papers were screened and
63 were chosen from them. Introduction and conclusion were read from the resulted
papers which paved us in selecting 32 among them. IC3, IC4, EC1, EC3 and EC4 were
applied for this 32 papers and resulted in 16 papers. These 16 papers were read full and
selected for tentative start set. These papers which were reviewed by the author are cross
examined by the supervisor having required experience under this area to overcome the
risk of avoiding relevant papers.
Step3: Start set papers:
Another filtration was done by taking into account the number of references and
citation of each paper. The primary reason behind this is few papers were found being
cited by the tentative start set papers. In such cases it is better to take the paper into
account that has most relevant references and also high cited due to the reason that
snowballing approach essentially focuses on references and citations. Another
imperative task is papers with different diversity. After full text read of the papers, the
paper that are highly cited and with most relevant references was chosen compared to
that of less references and citations due to the motivation that snowballing approach
results in likelihood of producing more coverage of relevant studies [1]. On the off
chance to get to know if the references or citations are significant or not, is defended by
reading the title and abstract of the papers. After this step, 13 papers were finally
selected for the start set based on final review given by supervisor.

5.1.2

Forward and backward snowballing in iterations

For the resulted start set of papers, backward and forward snowballing was
conducted as shown in Figure 4. Five iterations were performed. Backward snowballing
was conducted by looking at the references of each paper in parallel with forward
snowballing by looking at citations. Inclusion and exclusion criteria were applied in
each of the iteration during backward and forward snowballing. During forward
snowballing, google scholar was used to find out the citations of each paper. In
particular, the following inclusion criteria was used.
Inclusion criteria:
 Publication venue: The paper published in the venue where relevant papers
are to be published or not?
Title and abstract of the papers were read and if the criterial where matched up and
if the papers satisfy IC4, paper was chosen by reading the full text (If needed). Final set
of papers for each iteration were examined by the supervisor and the iterations were
done until no new papers were found. During fifth iteration no new papers were found
and the obtained studies were chosen for data extraction and analysis being carried out
alongside the Quality assessment of each paper. Figure 4 explains in detail in a step
wise manner on how the iteration were carried out during snowballing. As it can be
observed from Figure 4, after the completion of step 4, if no new papers are found then
it directly shifts to Step 7 i.e. obtained studies will be chosen for data extraction, or else
Step 5 i.e. iterations are carried out until no new papers are found.
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Figure 4 Iterations carried out during Snowballing

5.2

Data extraction and synthesis
The data extraction properties outlined in Table 5 were examined and then finalized
before applying them. In addition, a spreadsheet was made for extracting the data
properties, where they were mapped with the research questions as mentioned in Table
5. To extract data for the research questions, a checklist was prepared and is categorized
in such a way that there are three types of agreements with respect to primary studies.
Agreements are denoted as Yes, No, and Partial. Table 5 explains in detail about the
data extraction criteria.

Table 5 Data Extraction Strategy
Category
General
Information
Type
of
Study

Data Properties

Author(s), Title, Publication Year,
Abstract, Conclusions,
Evaluation study, Validation study,
Proposing a solution, Opinion
papers, Personal experience papers,
Observational research
Research
Case study, Survey, Mapping study,
methods
Experiment, Grounded theory,
Action research, Unclear.
Study aims, Does the study specify aspects of
Research
software testing that receive more
outcomes
attention while KM is applied?
Does the study specify any Software
testing techniques i.e. test design,
test execution, test result analysis
that benefit from the application of
KM in Software testing?
Does the study provide any problems
or challenges reported due to lack of
KM practices in Software testing?
Data analysis

Mapping to Research
Questions
RQ1, RQ2, RQ4
RQ1, RQ2, RQ4

RQ1, RQ2, RQ4

RQ1

RQ2

RQ4
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Aspects of software testing that RQ1
receive more attention while KM is
applied in Software testing are
properly specified (yes/no/partially)
Software testing techniques that RQ2
benefit from the application of KM
are
properly
specified
(yes/no/partially)
Problems or challenges faced due to RQ4
lack of KM practices in software
testing explained (yes/no/partially)
The author has performed the data extraction and consulted the results with the
supervisor. The extracted data was later synthesized by performing narrative analysis
as per the guidelines provided by Cruzes et al. [74] Rodgers et al. [75]. Patterns in data
are identified and these patterns are grouped into various themes. In addition, for the
confirmation of reliability of each paper we have used rigor and relevance criteria which
helped us in recognizing of results, regardless of whether they are summed up to the
software sector or not, refer Section 5.3 for further.

5.3

Quality assessment based on rigor and relevance
We utilized the assessment checklist for rigor and industrial relevance as per the
guidelines of Ivarsson et al. [86]. The thesis author supported by the thesis supervisor
performed data extraction and evaluated to guarantee the objectivity. Every paper was
allotted with a score utilizing the objective criteria customized for this mapping study.
The primary thought behind exploring rigor and relevance takes after the utilization of
rubric based assessment in the research study [86]. Most of the studies [87][88] have
demonstrated that rubrics build the unwavering quality of the assessments as per the
terms of inter-rated agreement among the researchers.
Rigor in research "refers to the precision or exactness of the research method used"
[86], In other words we can say it as the correct use of any research method for its
intended purpose and carried out in accordance with the best practices. Ivarsson and
Gorschek [86] states that rigor has certain measurements such as the research follows
the best practices for reporting the results. By aggregating all the study aspects from
existing studies, Ivarsson and Gorschek [86] characterized rigor as the degree to which
the study context (C), study design (D) as well as validity threats are portrayed or
depicted. All the features are rated and appraised on a scale in terms of strong, medium
and weak depiction. Check Table 57 in Appendix A for the quality criteria results based
on rigor.
Relevance points out the impact of a study with respect to industry [86]. It
comprises of various aspects such as relevance of the subject studied [89], capacity to
apply the solution in real world industrial context to achieve success, utilizing research
methods that suit to industrial realism [90] and finally procuring a reasonable
circumstance with respect to users, scale and context [86]. As per the guidelines
provided by Ivarsson and Gorschek [86] we characterized rigor into: Context (C),
Research methodology (RM), Scale (S), Subjects used (S), Check Table 57 in Appendix
A for the quality assessment results based on relevance.
Checklist for rigor and relevance based on the guidelines provided by Ivarsson and
Gorschek [86].
Rigor:
Context:
o Strong Description: The study is portrayed to the degree where it gets to be
equivalent to different dimension settings [86]. Specifically, subject types
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o
o

are categorized to graduates, experts, researchers. In the event that all these
stated components are pinpointed, then C is assessed with a value i.e. 1
Medium Description: If any of the aforementioned elements are absent in
the study, then c is assessed to 0.5.
Weak Description: If no portrayal of connection is given in the study, then
C is assessed to 0.

Design:
o Strong description: Research design is depicted to the degree where it gets
to be straightforward and detailed enough for a reader to understand [86].
To be particular, if the study mentions the outcome variables, measurement
criteria, treatments, number of subjects and data sampling then D is
assessed to 1.
o Medium description: If the study is missing in portraying any factors that
relate to design as well as data collection subject, then D is assessed to 0.5.
o Weak description: If the study does not provide any design description at
all, then D is assessed to 0.
Validity threats:
o Strong description: If Validity threats such as internal, external, construct,
conclusion are assessed and reflected upon, then V is assigned 1.
o Medium description: If the study just highlights few threats and misses any
of those above mentioned threats, then V is assessed to 0.5.
o Weak description: If no such validity threats are pointed in the study i.e.
completely, then V is assessed to 0.
Relevance:
Subjects/Users (U):
o Contribution to relevance: If the subjects utilized as a part of the study are
from Industry (experts) then U is assessed to 1.
o Partially contributing to relevance: If the subjects are partially illustrated
such as Graduated students, U is assessed to 0.5.
o Does not contribute to relevance: If the subjects does not provide any
information about the subjects i.e. either under graduate students or just a
single author is taken into consideration, then U is assessed to 0.
Scale (S):
o Contribution to relevance: If the study utilizes an industry size application,
then S is assessed to 1.
o Does not contribute to relevance: Otherwise S is assessed to 0 in case if the
application is down-scaled.
Research Methodology (RM):
o Contribution to relevance: If the Research Methodology chosen in the
study is suitable to apply in real world context and circumstances with
significance for practitioners i.e. Case study, action research, experiment,
Survey, Interview, Implementation. In the event that the study fits in with
any of the above mentioned methodologies, then RM is assessed to 1.
o Does not contribute to relevance: If the study does not utilize any
methodology, then RM is assessed to 0.
Context (C):
o Contribution to relevance: If the study has been executed in a real world
industrial context, then C is assessed to 1.
o Does not contribute to relevance: If the study has been executed under
artificial context such as lab experiment, or if it does not seek to a
connection coordinating real world contexts, then C is assessed to 0.
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5.3.1

Quality assessment for Secondary studies

To assess and evaluate the quality of secondary studies, author have considered the
following aspects:
1. Is the motivation behind conducting systematic literature review and
mapping clearly expressed and defined?
The paper should have a clear questions.
2. Is the process of conducting the systematic literature review or the mapping
clearly stated?
 A precise search of relevant studies: The authors have to ensure
that all the relevant studies have been taken into account. In addition,
a reliable and considerable search strategy has to be done and should
be enclosed with full details in the paper.
 Criteria for selecting the studies for the review: Researchers
have to mention any methodological criteria to entail which studies
will be taken and reviewed.
 Judging the validity of the studies: Not each of the study will be
valid and most of them include methodological flaws [91]. i.e. Papers
has to be categorized into "Good" if the criteria was met completely,
"fair" if the criteria was not completely met and just partially met and
"Poor" if the criteria does not meet. Thus these criteria has a great
impact in concluding whether the results of the review are reliable or
not.
 Perfect method for data synthesis: The data from all the studies
has to be accumulated and combined. In few cases they are to be
done in a mathematical way so as to conclude that all the papers are
part of one large trial. In simple words, a "vote count" should be
given comparing the pros and cons of the studies will be effective.
3. Is there any empirical evidence for the stated systematic literature review
or mapping study?
Conclusions stated by the author has to be drawn from the data presented.
"The strength of the recommendations should depend on the strength of the
evidence" [91]. Measures should be considered in interpreting "no evidence
of effect" as "evidence of no effect". As an empirical evidence adds
weightage to the results generated, it is worth to identify if any empirical
evidence for the stated literature study is done and being defined in the
study as well.
The above questions were answered with
 Yes: if the studies fully satisfy the criteria of each question
 No: if it does not satisfy any criteria stated.
 Partial: If the result lies in between yes and no

5.4

Web-based Survey
A web-based survey was designed and executed to understand the testing aspects,
testing techniques which utilizes KM practices more or the aspects and techniques that
gain much attention during the application of KM, which is one among the important
aspects of this research. The survey was also used to gain information and knowledge
about the aspects that were not covered in the literature.

5.4.1

Survey planning and execution

The survey process includes three steps namely planning the survey, designing the
survey and executing the survey, detailed in Figure 5.
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Survey
Planning

Suvey
Design

Survey
execution

• Objective definition
• Scheduling the survey
• Planning the resources
• Constructing the questionnaire
• Piloting and validating the questionnaire
• Selecting sample
• Collecting responses
• Processing the results
• Reporting the results

Figure 5 Steps followed to conduct the survey

5.4.2

Planning the survey

5.4.2.1

Objective definition:
The first step for conducting the survey is to identify the prime objectives behind
doing it. The identification of goals of the survey helps us to characterize the scope of
the study and from there on serves to characterize the sample population which is crucial
to get pertinent information. The goals of the survey are based on the research questions.
The objectives are as follows.
 To identify aspects of software testing that receive more attention and that
utilize more KM practices.
 To identify the software testing techniques that has more involvement of
KM practices.
 To identify the software testing techniques where tacit or explicit
knowledge is required.
 To obtain and gather additional challenges faced by the organization due to
lack of knowledge management in software testing.

5.4.2.2

Scheduling the survey:
The author has scheduled the survey for three weeks. The time span was chosen
taking into account the aftereffects of the SLR furthermore the time constraint,
requirements and limitation for this research. The responses were turned off following
three weeks attributable to the time constraints of this thesis.

5.4.2.3

Planning the resources:
The survey was directed to online, social media along with the practitioners from
the industry. It is imperative to plan and arrange the resources before posting the link
of questionnaire. Resources must be recognized in order to amplify the reach of the
questionnaire to all the intrigued professionals and practitioners in software testing,
knowledge engineering. Subsequently, the following web and social networking sites
were chosen for posting the survey such as,
 LinkedIn
 Facebook
 Google Groups
 Twitter
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Knowledge engineers and software tester blogs
Blogs of Researchers conducting research in the field of Knowledge
Management in Software Testing.
Apart from the sites mentioned, the author has sent the survey questionnaire to
admins of various software tester sites and have asked them to forward the survey to its
respective members, as the individuals were not visible to the general public. Social
networks were sought with a specific end goal to distinguish the pertinent groups so as
to post the survey questionnaire. Following are the groups sought in LinkedIn,
Facebook, Twitter and google groups.
 Software tester groups
 Knowledge Engineering groups
 Knowledge Management practices group
 Knowledge Management professionals and Experts group
 Test Managers, Test strategy and Test Management group
 Software testing and Quality assurance groups
 Information and Knowledge Management Execution groups
 Groups on individual practices related to software testing and Knowledge
Management.

5.4.3

Survey Design

5.4.3.1

Constructing the Questionnaire
The survey questionnaire contained seventeen questions in total and can be
separated into two principle parts such as demographics and Knowledge Management
in Software testing context adaptation. The survey questions are available in Appendix
D. The demographics of the respondents are tended by questions one to seven which
includes the following information
 Employers’ role in the organization.
 Work Experience in software testing i.e. how long and is it a full-time or
part-time and the how they would assess their testing knowledge i.e.
Ordinal Scale from None- Expert.
 Rating test expert level for each of the software testing practice from one
to five.
 KM familiarity i.e. from Very Low to Very High.
 Involvement with KM in software testing in their organization.
 The questions about adaptation of Knowledge Management in software
testing starts from question eight to sixteen of which corresponds with the
research questions as depicted in Table 6.

Table 6 Research Questions and its corresponding Survey Questions
Research Question
RQ1: Which software
testing aspects receive
more attention while KM
is applied?

Survey Question
Q8: According to you, In
which Software Testing
aspects is KM more
useful?

Type of answer
List of the testing aspects
that are being focused while
applying KM in software
testing is shown down.
Rating scale is provided to
depict the importance
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RQ2: What

software
testing
techniques
benefit most from the
application of KM
practices?

Q9, Q10: Kindly check
the
test
design
techniques mentioned
below and list in which
technique is knowledge
management (to be
specific
knowledge
RQ3: Which types of capturing,
knowledge
knowledge, tacit and storing of individuals)
explicit is required to more useful. In addition
perform which kind of what knowledge does
software
testing that technique require?
(Kindly mark both i.e.
techniques?
Importance
and
Knowledge required)
Q11, Q12: Kindly check
the
test
execution
techniques mentioned
below and list in which
technique is knowledge
management (to be
specific
knowledge
capturing,
knowledge
storing of individuals)
more useful. In addition
what knowledge does
that technique require?
(Kindly mark both i.e.
Importance
and
Knowledge required)
Q13, Q14: Kindly check
the test result analysis
techniques mentioned
below and list in which
technique is knowledge
management (to be
specific
knowledge
capturing,
knowledge
storing of individuals)
more useful. In addition
what knowledge does
that technique require?
(Kindly mark both i.e.
Importance
and
Knowledge required)
RQ4: What are the Q15, Q16: Specify if the
challenges faced by the following challenges are
organization due to faced in organization due
lack of KM practices in to lack of Knowledge
Management practices in
software testing?
software testing

Multiple Choices
 List of test design
techniques and rating
scale is provided to depict
the importance
 Knowledge required to
apply
the
testing
technique in practice i.e.
Tacit/Explicit/Both/Not
known.
Free text
(To mention if any test
design techniques apart
from the one that is
provided in the list).
Multiple Choices
 List of test execution
techniques and rating
scale is provided to depict
the importance
 Knowledge required to
apply
the
testing
technique in practice i.e.
Tacit/Explicit/Both/Not
known.
Free text
(To mention if any test
execution
techniques
apart from the one that is
provided in the list).
Multiple Choices
 List of test result analysis
techniques and rating
scale is provided to depict
the importance
 Knowledge required to
apply
the
testing
technique in practice i.e.
Tacit/Explicit/Both/Not
known.
Free text
(To mention if any test
result analysis techniques
apart from the one that is
provided in the list).
 Multiple Choice
 Free text (To provide
additional challenges (if
any) due to lack of KM
apart from the challenges
provided in the list)

An additional Survey Question such as “Kindly, specify any additional comments
on why you might have considered specific testing aspect or testing technique as
important/Not Important” was provided to mention the reason (If any)
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It is worth to be noted that the definitions for each testing technique addressed in
the survey were taken as suggested and explained by Ahmed [45].
5.4.3.2

Piloting and validating the survey Questionnaire
The questionnaire has to be pre-test in order to make survey as comprehensive,
conservative and precise as possible. Consequently, a pilot was performed in order to
verify the understandability of the queries and whether all the respondents interpret the
meaning of questions. In addition, for evaluating the response rate and for guaranteeing
the data analysis techniques coordinating the expected responses, it is thus intended to
be mandatory as suggested by Kelley et al. [92] Kitchenham et al. [93].
Invitation emails to participate in the pilot study were sent to 22 recipients who fall
under the category of target or sample population. Pilot survey was kept opened for
three days and altogether author have received 14 responses among which 11 were
completed. The input and feedback from the pilot participants were collected and used
to modify the survey design. Two iterations were done which includes the
understandability of the queries, time taken to complete the survey and efficiency for
evaluating it. Iterations applied are detailed in Table 7.

Table 7 Questionnaire developing process and the results from the pilot
study iterations
Criteria
Understandability
of queries

Iteration 1
Respondents felt the
questionnaire was way too
long and few of them were
not understandable and
leads to confusion.
Number
of 23
questions included
Time taken to 18 minutes
complete
the
survey (Average)

Iteration 2
Respondents felt the survey to
be completely understandable
and all of the respondents have
interpreted the same meaning
of the questions addressed
18
13 minutes

23 questions were asked in the first questionnaire. A question which asked about
the KM aspects that are being focused for each of the testing aspects and separate
questions for the testing techniques importance in relation with KM and the type of
knowledge it requires. The respondents suggested that it is quite complex in answering
the KM aspects in relation with testing aspects as few of the organizations does not
explicitly use KM aspects such as KM models, Knowledge representation mechanisms.
Apart from that the question was not intended to answer the research question but to get
to know about the perception of practitioners which is thought not to be relevant and
was opted out. In addition testing techniques importance in relation with KM and the
knowledge these techniques require is separated which made them it way too long to
answer. As per the suggestion of supervisor, these testing technique questions in relation
with KM are grouped with the type of knowledge it requires i.e. Importance and
knowledge it utilizes were provided in the form of checkbox in the same question (Refer
Question9, Question 11, Question 13 in the survey provided in Appendix D). In the
second iteration it was 18 questions in total and the questionnaire was sent to same 22
participants and among which the same 11 members have answered the survey
indicating that the questionnaire was understandable and have utilized 14 minutes of
their time in answering it. Few of the respondents felt that even the 14 minutes time was
way too long, but the supervisor suggested that the author has to choose between getting
trivial data with short questions obtaining more number of responses and getting better,
relevant and reliable data with a little less number of respondents. As it was felt
mandatory to ask all the addressed questions in iteration2, author has decided to proceed
with it and thus it was finally selected for the survey.
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5.4.4

Sampling of survey population

Prior to the survey dissemination, it is important to finalize the set or sample
relevant to the area and field of this research for answering the questionnaire [93]. A
legitimate sample is a subset of the targeted audience. As the research deals with
Knowledge Management in software testing, the targeted audience should include the
set of practitioners working under the field of software testing and who are
implementing KM practices under Software testing or at least individuals who are aware
of it.
The sampling methods as per Kitchenham et.al [93] are sorted into two types
namely probabilistic and non-probabilistic. A probabilistic sampling includes sample
of targeted population known and have non-zero likelihood in being included and
involved in the sample. A non-probabilistic sample is the type of sample where
respondents are picked on the grounds that they are easily available or the researchers
have some support for trusting that they are imperative of the sample population [93].
This kind of sampling includes the strategies of snowball, convenience, quota sampling
and focus groups. In this research non-probabilistic sample was chosen in light of the
fact that the target population for this research is specific [94]. The author has chosen
convenient sampling which "involves getting the responses from individuals who are
willing, intrigued to take part and are available", snowball sampling where "existing
study subjects recruit future subjects from among their acquaintances" [95] which made
us in asking the respondents to pass on the survey.
The targeted audience included Knowledge Engineers, Software Testers, Quality
Managers, Team Leads, Quality Analyst, Project Manager, Researcher under the field
of KM in software testing, Process Engineer, Process Manager, Test Analyst, Test
Designer, Knowledge Analyst, Test Managers etc.

5.4.5

Reporting Survey

After the finalization of survey design, it was updated in the survey tool and was
released for over a time of 3 weeks (11th July 2015 - 2nd August 2015). Invitation
emails were sent to various practitioners who were involved in testing and knowledge
engineers too. In addition, the survey link was posted on relevant LinkedIn, Facebook,
Twitter and google groups that focus on KM in software testing and software testing,
Knowledge management in general. Additionally author have sent the survey
questionnaire via email to the authors of Knowledge Management in Software testing
papers.

5.5

Mapping Research Questions and Research
Methodology
The survey results are planned to be used to triangulate the answers to RQ 1, RQ2,
and RQ4 with the snowballing results. Triangulation is essential to add accuracy to the
empirical research. Based on triangulation, researchers can take distinctive angles
towards the topic addressed and thereby get a broader picture. In addition, triangulation
is essentially required when the research is relying and depending more on qualitative
data [96]. Apart from that, the survey was also used to provide additional data for the
research questions that are not being addressed in the systematic literature review such
as RQ2, RQ3, and RQ4.
Mapping between the selected methodology and the research questions it answers
is shown in Table 8.

Table 8 Mapping between Research Methodology and Research Questions
Research Methodology
Systematic Literature Review
Survey

Research Questions
RQ1, RQ2, RQ4
RQ1, RQ2, RQ3, RQ4
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6

RESULTS AND ANALYSIS OF LITERATURE
REVIEW

6.1

Results

6.1.1

Start set

13 papers (marked as P1, P2, P3… P13) were chosen for the start set from 4832
candidate papers obtained from Engineering Village database. Table 9 details about the
results obtained for start set.

Table 9 Papers Chosen for Snowballing
ID
P1

P2

P3

P4

P5

P6

P7

P8

P9

P10

P11

P12

P13

Papers
R. Abdullah, Z. D. Eri, and A. M. Talib, “A model of knowledge management
system in managing knowledge of software testing environment,” in Software
Engineering (MySEC), 2011 5th Malaysian Conference in, 2011, pp. 229–233.
J. Andrade, J. Ares, M.-A. Martínez, J. Pazos, S. Rodríguez, J. Romera, and S.
Suárez, “An architectural model for software testing lesson learned systems,”
Inf. Softw. Technol., vol. 55, no. 1, pp. 18–34, 2013.
Y. Liu, J. Wu, X. Liu, and G. Gu, “Investigation of knowledge management
methods in software testing process,” in Information Technology and
Computer Science, 2009. ITCS 2009. International Conference on, 2009, vol.
2, pp. 90–94.
A. Desai and S. Shah, “Knowledge management and software testing,” in
Proceedings of the International Conference & Workshop on Emerging Trends
in Technology, 2011, pp. 767–770.
O. K. Wei and T. M. Ying, “Knowledge management approach in mobile
software system testing,” in Industrial Engineering and Engineering
Management, 2007 IEEE International Conference on, 2007, pp. 2120–2123.
É. F. de Souza, R. de Almeida Falbo, and N. L. Vijaykumar, “Knowledge
management initiatives in software testing: A mapping study,” Inf. Softw.
Technol., vol. 57, pp. 378–391, 2015.
O. Taipale, K. Karhu, and K. Smolander, “Observing software testing practice
from the viewpoint of organizations and knowledge management,” in
Empirical Software Engineering and Measurement, 2007. ESEM 2007. First
International Symposium on, 2007, pp. 21–30.
X. Li and W. Zhang, “Ontology-Based Testing Platform for Reusing,” in 2012
Sixth International Conference on Internet Computing for Science and
Engineering (ICICSE), 2012, pp. 86–89.
L. Xue-Mei, G. Guochang, L. Yong-Po, and W. Ji, “Research and
implementation of knowledge management methods in software testing
process,” in Computer Science and Information Engineering, 2009 WRI World
Congress on, 2009, vol. 7, pp. 739–743.
A. Beer and R. Ramler, “The role of experience in software testing practice,”
in Software Engineering and Advanced Applications, 2008. SEAA’08. 34th
Euromicro Conference, 2008, pp. 258–265.
J. Itkonen, M. V. Mantyla, and C. Lassenius, “The role of the tester’s
knowledge in exploratory software testing,” Softw. Eng. IEEE Trans. On, vol.
39, no. 5, pp. 707–724, 2013.
K. Nogeste and D. H. Walker, “Using knowledge management to revise
software-testing processes,” J. Workplace Learn., vol. 18, no. 1, pp. 6–27,
2006.
Koznov, D., Malinov, V., Sokhransky, E., & Novikova, M. (2009). A
Knowledge Management Approach for Industrial Model-based Testing. In
KMIS (pp. 200-205).
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6.1.2

Iteration 1

6.1.2.1

Backward Snowballing
For first iteration based on backward snowballing, 346 references are thoroughly
examined and evaluated of which 51 were removed based on the publication type, 5
were not matching the Language criteria, 16 were duplicates, 105 were removed based
on title screening, 44 were removed based on the year they have published, 87 were
excluded after reading the abstract, 11 were excluded after reading the full text and 20
were excluded as there is absence of full text. Finally 7 papers pointed as P14, P15...
P20 as shown in Table 10 were included

Table 10 Iteration 1 Backward Snowballing Results
ID
P14P2Ref39

Papers
S. Vegas and V. Basili, “A Characterisation Schema for Software
Testing Techniques,” Empir. Softw. Eng., vol. 10, no. 4, pp. 437–466,
Oct. 2005.
P15S. Vegas, “Identifying the relevant information for software testing
P2Ref32 technique selection,” in 2004 International Symposium on Empirical
Software Engineering, 2004. ISESE ’04. Proceedings, 2004, pp. 39–48.
P16Souza, E. F., R. A. Falbo, and N. L. Vijaykumar. "Knowledge
P6Ref35 management applied to software testing: a systematic mapping." Proc.
of the 25th International Conference on Software Engineering and
Knowledge Engineering (SEKE 2013), Boston, USA. 2013.
P17Tinkham, Andy, and Cem Kaner. "Learning styles and exploratory
P11Ref38 testing."Proceedings of the Pacific Northwest Software Quality
Conference. 2003.
P18S. Vegas, N. Juristo, and V. Basili, “Packaging experiences for
P2Ref38 improving testing technique selection,” J. Syst. Softw., vol. 79, no. 11,
pp. 1606–1618, Nov. 2006.
P19X. Liu, G. Gu, L. Yongpu, and W. Ji, “Research and Application of
P2Ref28 Knowledge Management Model Oriented Software Testing Process,”
2008.
P20J. Itkonen, M. V. Mantyla, and C. Lassenius, “How Do Testers Do It?
P11Ref34 An Exploratory Study on Manual Testing Practices,” in Proceedings
of the 2009 3rd International Symposium on Empirical Software
Engineering and Measurement, Washington, DC, USA, 2009, pp.
494–497.

6.1.2.2

Forward Snowballing
During forward snowballing, 140 citations are analyzed among which 6 turned out
to be duplicates, 19 citations were removed based on the publication type, 41 were
excluded based on the title, 66 were removed after reading the abstract and 3 were
omitted based on the language that it got published i.e. other than English. Finally 5
papers pointed as P21, P22 … P25 as shown in Table 11 are selected.

Table 11 Iteration 1 Forward Snowballing Results
ID
P21 P3Cit6

Papers
T. Abdou and P. Kamthan, “A knowledge management approach for
testing open source software systems,” in Performance Computing and
Communications Conference (IPCCC), 2014 IEEE International, 2014,
pp. 1–2.
32

A. Freitas and R. Vieira, “An Ontology for Guiding Performance
Testing,” in Proceedings of the 2014 IEEE/WIC/ACM International Joint
Conferences on Web Intelligence (WI) and Intelligent Agent
Technologies (IAT) - Volume 01, Washington, DC, USA, 2014, pp. 400–
407.
P23Lee, Ted E. "Applying Knowledge Management Approach for Software
P12Cit6 Testing."
P24É. F. Souza, R. A. Falbo, N. L. Vijaykumar, S. José, C. São, and P. S.
P2Cit9 Brazil, Ontologies in Software Testing: A Systematic Literature Review.
P25J. Sirathienchai, P. Sophatsathit and D. Dechawatanapaisal, "SimulationP7Cit11 Based Evaluation for the Impact of Personnel Capability on Software
Testing Performance," Journal of Software Engineering and Applications, Vol.
5 No. 8, 2012, pp. 545-559.
P22P9Cit5

By grouping backward and forward snowballing, first iteration resulted in including
11 papers. The results are pointed out in Table 58 in Appendix B

6.1.3

Iteration 2

6.1.3.1

Backward Snowballing
During backward snowballing, 262 references were examined among which 135
references were removed on title screening, 5 turned out to be duplicates, 21 references
were removed based on the publication year, 37 were removed based on the publication
type, 2 were removed based on the language it got published i.e. other than English, 5
were removed due to unavailability of full text and 54 references were removed after
reading the abstract. Finally 5 papers denoted as P26, P27 ... P29 as shown in Table 12
are selected.

Table 12 Iteration 2 Backward Snowballing results
ID
P26P22Ref18
P27P25Ref37

Papers
W. D. Valeh H. Nasser, “An Ontology-based Software Test Generation
Framework.,” pp. 192–197, 2010.
C. Kerkhof, J. van den Ende, and I. Bogenrieder, “Knowledge
management in the professional organization: a model with application
to CMG software testing,” Knowl. Process Manag., vol. 10, no. 2, pp.
77–84, Apr. 2003.
P28N. Juristo, A. M. Moreno, and S. Vegas, “Reviewing 25 Years of Testing
P14Ref10 Technique Experiments,” Empir. Softw. Eng., vol. 9, no. 1–2, pp. 7–44,
Mar. 2004.
P29E. Y. N. Ellen Francine Barbosa, “Towards the Establishment of an
P22Ref27 Ontology of Software Testing,” pp. 522–525, 2006.

6.1.3.2

Forward Snowballing
During Forward snowballing, 164 citations are thoroughly examined among which
13 citations were duplicates, 31 were removed based on the type of publication, 55 were
removed based on the title, 4 were removed based on the language it got published, 54
were removed after reading the abstract and 4 were removed after reading the full text.
Finally 3 papers pointed as P31, P32, P33 as shown in Table 13 are selected.

Table 13 Iteration 2 Forward Snowballing results
ID
P30P14Cit9

Papers
S. Vegas, N. Juristo, and V. R. Basili, “Maturing Software Engineering
Knowledge through Classifications: A Case Study on Unit Testing
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P31P20Cit29
P32P16Cit1

Techniques,” IEEE Trans. Softw. Eng., vol. 35, no. 4, pp. 551–565, Jul.
2009.
Gentry, Richard, and Farid Shirazi. "A Knowledge Management
Analysis of an In-House Manual Software Testing."
E. F. Souza, R. A. Falbo, and N. L. Vijaykumar, “Using Ontology
Patterns for Building a Reference Software Testing Ontology,” in
Enterprise Distributed Object Computing Conference Workshops
(EDOCW), 2013 17th IEEE International, 2013, pp. 21–30.

Results from the second iteration of backward and forward snowballing are
depicted in Table 59 in Appendix B.

6.1.4

Iteration 3

6.1.4.1

Backward Snowballing
During backward snowballing, 178 references are carefully examined in the current
iteration among which 44 were removed based on the publication type, 13 turned out to
be duplicates, 61 were removed based on the title, 14 were removed based on the
publication year, 44 were removed after reading the abstract and 1 paper was removed
due to unavailability of full text. Finally 1 paper pointed as P34 as shown in Table 14
is selected.

Table 14 Iteration 3 Backward Snowballing Results
ID
Papers
P33NASSER, Valeh H.; DU, Weichang; MACISAAC, Dawn. KnowledgeP32Ref21 based Software Test Generation. In: SEKE. 2009. p. 312-317.

6.1.4.2

Forward Snowballing
During forward snowballing, 294 citations are examined among which 19 turned
out to be duplicates, 39 were removed based on the publication type, 145 citations were
removed during title screening, 2 citations were removed due to unavailability of full
text, 79 were removed after reading the abstract and 9 citations were removed after
reading the full text. Finally 1 papers pointed as P34 as shown in Table 15 is selected.

Table 15 Iteration 3 Forward Snowballing Results
ID
Papers
P34H. Li, H. Guo, F. Chen, H. Yang, and Y. Yang, “Using ontology to
P32Cit4 generate test cases for GUI testing,” Int. J. Comput. Appl. Technol., vol.
42, no. 2–3, pp. 213–224, Jan. 2011.
Results from the third iteration of backward and forward snowballing are depicted
in Table 60 in Appendix B.

6.1.5

Iteration 4

6.1.5.1

Backward Snowballing
During Backward snowballing, 50 references are examined thoroughly among
which 4 turned out to be duplicates, 19 were removed during title screening, 5 were
removed based on the type of publication, 5 were removed based on the year it got
published, 16 were removed after reading the abstract. Finally 1 paper denoted as P35
as shown in Table 16 is selected after carefully reading the full text of the article.

Table 16 Iteration 4 Backward Snowballing results
ID
Paper
P35H. Li, F. Chen, H. Yang, H. Guo, W. C.-C. Chu, and Y. Yang, “An
P34Ref8 Ontology-Based Approach for GUI Testing,” in Computer Software and
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Applications Conference, 2009. COMPSAC ’09. 33rd Annual IEEE
International, 2009, vol. 1, pp. 632–633.

6.1.5.2

Forward Snowballing
During Forward snowballing, 12 citations were examined thoroughly among which
4 turned out to be duplicates, 5 were removed based on the title and 3 citations were
removed after reading the abstract.
Results from the fourth iteration of backward and forward snowballing are depicted
in Table 61 in Appendix B.

6.1.6

Iteration 5

6.1.6.1

Backward Snowballing
During Forward snowballing, 7 references were carefully examined among which
2 turned out to be duplicates, 3 were removed based on title and 2 papers were removed
after reading the abstract.

6.1.6.2

Forward Snowballing
During forward snowballing, 4 citations were examined among which 1 citation
turned out to be duplicates, 2 citations were removed based on title and 1 citation was
removed after reading the abstract.
Results from the fifth iteration of backward and forward snowballing are depicted
in Table 62 in Appendix B.

6.2

Overview of selected studies
35 papers were identified in the snowballing iteration among which 31 were
primary and 4 studies were the secondary studies. From 2003-2005 author have 5
research papers, the primary reason for such lower number of publications in the
beginning is because organizations have just started implementing Knowledge
management into their core business under software testing. Much of the work under
KM in software testing has been done during 2006-2009 meaning that the organizations
started taking interest in utilizing knowledge management in software testing to procure
the benefits and to overcome the issues associated with software testing due to lack of
KM. Figure 6 depicts the chosen papers and their distributions over the years,

Number of Publications
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Number of Publications

Figure 6 Publications over the years
35

This section focuses on the four aspects with respect to the research questions, see
Figure 7. 35 studies were reviewed out of which, 23 studies have reported about the
various aspects of knowledge management that have been explored when applying
knowledge management in software testing, the rest 12 studies have not focused on
specific KM aspect but have dealt about knowledge management related to software
testing and have discussed about the tools that support KM in software testing. Among
the 12 studies, 2 of the studies have just defined each KM aspect in general and have
not implemented them. When reviewing the studies on the aspects of software testing,
it was observed that most of the studies have just focused on software testing in general,
without focusing on a specific aspect.
All 35 studies have discussed about the various aspects of software testing that are
focused while KM is applied in Software testing. 12 papers have discussed about the
various challenges faced due to the lack of knowledge management practices in
software testing. In addition 10 studies have focused about managing knowledge in
testing techniques with its main focus on helping testers to select better suited testing
techniques. The overall classification of studies according to their reports can be seen
in Figure 7 below.
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Figure 7 Classification of selected papers
Conference articles have been the principle venue for discussion for exhibiting
Knowledge management in Software testing, 60.0% (21 studies out of 35). Journals
correspond to 34% of the studies (14 out of 35). It is worth mentioning that 32 different
publications were obtained out of 35 papers, one for each study demonstrating that
presently there is no entrenched gathering for discussing about this topic. Publication
sources such as Knowledge management, software engineering, and information
technology are more open for exhibiting studies and research in this area. Table 56
provides about the publication source of each paper in detail.

6.2.1

Categorization of papers

Among the papers chosen, 31 were primary studies and 4 were secondary studies.
Among the 4 secondary studies, 2 were literature reviews [P24, P28] and 2 paper used
systematic mapping as the research method. The 31 primary studies that are identified
relevant to knowledge management in software testing are categorized into research
methodology (i.e. Case study, survey, experiment etc.) and type of study (i.e.
evaluation, proposal, solution, opinion, experience based etc.) dimensions. X-axis in the
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Figure 8 represents research methodology taking case study, survey, framework, tool
proposal constraints as defined by Per runeson et al. [97] and Y-axis entails the
classification of studies considering evaluation, proposal, validation ,solution
constraints as defined by Wierlinga et al. [98]. Evaluations undertaking case study as
the research methodology dominated among the chosen papers with 20 papers [P2, P3,
P4, P5, P8, P11, P12, P13, P18, P20, P25, P30, P31, P33, P34, P35] of which 3 were
interview studies [P2, P11, P31] and we represent them as qualitative case studies.
Evaluations using frameworks were found in 5 papers [P9, P14, P15, P27, P29].
Framework-proposal category was being classified in 4 papers [P17, P22, P23, P26].
We classified 2 paper in each of case study-validation [P7, P10] and tool proposalsolution category [P21, P32]. Finally categories such as case study-proposal [P19] and
survey-evaluation [P1] received only one paper. Figure 8 outlines the categorization of
paper based on the research methodology and the type of study.

Figure 8 Categorization based on papers

6.2.2

Quality assessment based on rigor and relevance

Figure 9 points out the papers categorized based on Rigor and Relevance analysis.
Primary studies are sorted into four quadrants (A, B, C and D) as per their rigor and
relevance scores. The process of classification is detailed below.
1. Papers which fall under the score from (0-1.5) are categorized as low rigor and
those that fall in between the score of 2 or above are considered to be as high
rigor.
2. Papers with the score from (0-2) are considered to be as low relevance and the
papers that fall in between 2.5 or above are considered to be of high relevance.
We characterized 13 studies as having high rigor and high relevance, refer quadrant
A in Figure 9, and these outcomes are the most reliable. In addition, we classified 12
studies under Quadrant C with high relevance and low rigor. Moreover, 6 papers have
fallen under category D having low rigor and low relevance were relevance scores carry
higher than that of rigor scores. Refer Table 57 in the Appendix A for rigor and
relevance scores.
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Figure 9 Rigor and relevance analysis
6.2.2.1

Quality Assessment for secondary studies
Table 17 shows about the results of quality assessment of secondary studies. From
the Table 17, it is clear that all the 4 studies [P6, P16, P24, P28] have met and satisfied
the criteria required.

Table 17 Quality Assessment for secondary studies
Quality Assessment Question
P6
Is the motivation behind conducting systematic Yes
literature review and mapping clearly expressed
and defined?
Is the process of conducting systematic literature Yes
review or mapping clearly stated?
Is there any empirical evidence for the stated Yes
systematic literature review or mapping study?

6.3

P16
Yes

P24
Yes

P28
Yes

Yes

Yes

Partial

Yes

Yes

Yes

Data extraction and analysis
*

6.3.1

Indicates that the paper is of high rigor and high relevance.

Aspects of Software testing while KM is applied

In the current section, the selected papers were analyzed in order to identify the
various aspects of software testing that are focused while KM is applied. Before moving
to these aspects, it is beneficial to identify the KM aspects that are focused, while
applying KM to software testing.
23 studies have discussed about the various KM tools, KM aspects that are focused
when applied to software testing. The research focus from KM aspects over the years
has been illustrated in Table 18. Most of the studies focused on knowledge
representation (13 papers) through various technologies such as ontologies, yellow
pages, conventional technologies and knowledge capturing (12 papers). In addition,
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Knowledge Management Systems (8 papers), Knowledge Management Model (8
papers) were also mentioned for managing knowledge.

Table 18 Research Focus on KM aspects over the years
KM aspects

200
3

2004

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

-

-

-

P12

P5*

P19

P3,
P9

-

P1*,
P4

P8

-

-

2
0
1
5
-

Knowledge
Management
System
(KMS)
Knowledge
Management
Model

P27

-

-

-

-

P19

P3,
P9

-

P1*

P8.
P25*

P2*

-

-

Knowledge
Representati
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Knowledge Management System (KMS):
Knowledge Management Systems are necessary to enable successful knowledge
management. It serves as an important hotspot for taking care of issues and produces
many advantages. It is also considered as an essential source for competitive advantage
[99]. Further, the organizations without strong knowledge management systems work
inefficiently, consequently decreasing the quality of work [100].
8 studies [P1*, P3, P4, P5*, P8, P9, P12, P19] have discussed about Knowledge
Management System and its importance in the context of software testing.
In [P1*], a KMS was proposed and its processes through the knowledge life cycle
starting form knowledge acquisition, storing, dissemination and the knowledge
application were discussed. Further, the steps followed during the implementation of
the model were also discussed. In their case study, they found out that using this model
resulted in reduction of errors, enhanced quality, reduced effort and cost.
Ong and Tang in [P5*], proposed a KMS concentrating on mobile software system
testing. The primary aim was to enhance the quality and to reduce the cost and effort of
software testing. This was done by using the experience acquired earlier in testing
cycles such as regression with system testing or implementing the experience gained
under telephone models with similar features. They have used a document management
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system for testing documents such as testing manuals, test requirements and testing
procedures to the one which utilize explicit knowledge. In addition, they maintained a
knowledge database to gather knowledge regarding problem-solving tasks,
characterized by its attributes (telephone model, test components, issues, arrangements
and contact of the person) which can be directly referred to yellow pages. But the KMS
in this paper only focused on the domain knowledge leaving technical knowledge and
test process management knowledge aside.
In some articles [P3, P9, P19], a similar KMS was implemented and it used
knowledge life cycle management as a guide. It helped enterprises to store, manage,
search and share various kinds of knowledge with the help of knowledge documents. In
addition, this KMS identified the individuals who have knowledge based on statistics
which enhanced and paved the way towards knowledge sharing across the organization.
A KMS was used to create, explore, refine, store, manage and disseminate
knowledge [P4]. It helped the organization adapt to turnover, fast change and
downsizing by making experience of each individual widely accessible. A similar KMS
[P8] was used to store the daily and weekly discussion of the testers and to maintain the
knowledge map so as to approach that specific person when someone is in need to
overcome issues (if any). In [P12], a KMS was proposed to build and store tacit
knowledge for reusing it which made them easy in searching the relevant documents
and resolve issues whenever raised.
Knowledge Management Model:
8 studies [P1*, P2*, P3, P8, P9, P19, P25*, P27] detailed a model for knowledge
management by taking the knowledge process into consideration and aspects such as
knowledge carriers for managing the knowledge.
In [P1*], a model of KMS in managing the knowledge of software testing was
considered. In their case study, they achieved positive results in terms of quality and
time by making use of this Knowledge Management Model. In [P2*], an architectural
model was proposed where it served as a foundation to conquer the impediments to
sharing and reusing the experience gained in software testing. It helped to create and to
develop lesson learned systems related to software testing.
In [P3, P9, P19], a similar knowledge management model was used in case studies
which included communication database, Knowledge map, and Knowledge database in
it with an involvement of software testers, managers and knowledge analysts.
Knowledge databases consisted of the knowledge assets of the company and a
knowledge map was created which shares the contact of experts on a specific topic. In
addition, the knowledge analysts frequently checked the knowledge database and
advanced the knowledge level of staff and kept track of updates. When a software tester
is in need of knowledge related documents, he engaged in a discussion with the
communication database and traced an individual capable of rectifying the problem
through knowledge map.
In [P8], a KM model was developed for test case reuse. The primary elements of
this model are test engineers and reusable test case repository. Organizations in their
case study extracted the testing knowledge from individuals’ tacit knowledge and test
projects data for creating test knowledge database. Test specialists may recover
appropriate reusable test case based on similarities of the project with the previous one
or find the experts based on the knowledge map. In addition, test managers can find
suitable test engineers for a specific project based on the expertise required. All the
individuals in the organization can talk unreservedly in the organizational library which
records the inquiries raised and their answers. In view of the analysis of discussions,
knowledge analysts store the best practices in the database and update the knowledge
level of each individual on the organization and maintained the repository.
In [P25*], Knowledge sharing model was created in the case study which followed
5 sequence steps constituting of 5 different processes. The first process is to "identify
knowledge needs", where the top management which is responsible for organizational
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strategy will recognize the areas of knowledge relevant for a certain project. The second
step is to "creating knowledge" which captures existing knowledge or gathers a buy-in
for new knowledge if necessary. The third process is to "storing knowledge" where
analysis and extraction of knowledge is carried out with the aid of storage techniques
and tools. The fourth process is “organize knowledge” to check whether the maintained
knowledge is in the correct format. The fifth process "share knowledge" takes place
before utilization of knowledge for a specific purpose. Finally, knowledge distribution
and transfer takes place based on these five staged process.
In [P27], a KM model was developed to identify the gaps in KM practices and fill
out the gaps based on a remedy. Four competencies are taken into consideration and
these competencies are termed as phases [101]. The four phases form a cyclic path
where the first phase i.e. Absorption, is the process of acquiring new knowledge from
the external environment of the organization i.e. experts are brought into the
organization. The second phase diffusion concerns the dissemination of knowledge
among individuals in the organization, which mostly happens through email/discussion
lists, search engines, best practices. The third phase generation involves the
improvement of new knowledge and the procedure of making tacit knowledge to
explicit is done through brainstorming sessions, joint design and source studies. The
fourth phase exploitation is referred to as commercialization of knowledge. The model
was applied to professional organizations which yielded positive results. This model
can serve to transform KM from an abstract idea into a useable toolkit.
Knowledge Representation:
13 studies [P3, P5*, P8, P9, P14*, P15*, P18, P19, P22, P29, P32, P33, P34] here
describe the aspects related on representing testing knowledge. Knowledge
representation in the literature was mainly performed using ontologies, characterization
schema and Test Procedure Specification (TPS) and Software Requirement
Specification (SRS).
In [P29, P32], ontologies were used for knowledge representation that supports
acquisition, organization, reuse and sharing of test knowledge. Ontology in this paper
was developed in such a way that it comprises of all the ontologies of testing activities
such as testing process sub-ontology, test phase, test step, test resource ontology. Based
on the characteristics of a given project, one can perform testing activities based on the
ontologies allocated for each of them.
In [P3, P9, P19], an ontology was created to be used a method for knowledge
representation and sharing. It also served as a medium in describing about the relative
concepts, attributes and relations related to knowledge in their case study.
In [P8], a similar ontology was used for knowledge representation mainly to reuse
the test cases. In general, a reusable test case has its own test objective that is pertinent
to specific domain area and testing type. By using distinct testing methods and by
following different testing steps, test data is designed based on the skills and experience
of the designer. In such manner, based on the characteristics for a given project, one can
choose the re-usable test case based on its similarities.
In [P22], an ontology served as knowledge representation for performance testing.
The proposed ontology comprised of data such as the features that are to be considered
during testing, goals, objectives in a way that, for a given project, it matches specific
individuals based on its characteristics and required expertise.
In [P34], the key idea was to generate test cases for GUI testing by introducing
Knowledge representation through ontology. The results in this case study showed that
the usage of Knowledge representation and management provides a great support to
generate test cases for GUI systems. This Ontology was constructed based on the
guidelines provided by Li and Zhang [13].
In [P14*, P15*], a characterization schema was developed which includes a
spreadsheet containing various attributes such as test objectives, test scope, testing
technique required, test case generations required, test tools. It also contains a project
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satisfaction form which was given to each individual after the completion of the project,
to answer about the benefits, problems and opinions on using the testing technique. One
can choose a testing technique not just based on their knowledge but also on the existing
information in the repository.
In [P5*], TPS and SRS were used to represent explicit knowledge. Issue spreadsheet
was maintained which captures the knowledge of the engineers and was used to
communicate and coordinate with offshore test centers for clarifying doubts. The ways
to deal with tacit knowledge was not explained.
Knowledge Capturing:
13 studies [P1*, P2*, P3, P5*, P9, P14*, P15*, P18, P19, P21, P26, P33, P35*]
mention knowledge capturing and various aspects related to capture and store testing
knowledge.
In [P1*], external knowledge was brought in for knowledge capturing and if this
new knowledge is valuable, then it is captured. In addition, Knowledge that is found to
be important is stored in a reasonable format in their knowledge repository so as to
provide a way for the individuals to access it whenever required.
In [P2*], lesson learned systems were used to capture the knowledge and
understanding gained by experience, either it be a positive or negative. Unlike other
knowledge artifacts, lesson learned systems focus on experience and portray both
successes and failures.
In [P3, P9, P19], knowledge analysts set the knowledge level of the individuals as
indicated by the consequences of knowledge related discussions which includes
individuals’ project experiences as well as the knowledge documents issued by them.
This is how knowledge was captured in their case study.
In [P5*], knowledge was captured or recorded into an Issue Spreadsheet before it
was sorted out in an organized way. This spreadsheet served as a medium to resolve
issues during the test cycle. In this case study, instead of using a spreadsheet for each
cycle, the task of problem solving was captured and stored in the knowledge database.
In this manner, issues were classified based on the phone model and test features
In [P21], wikis were used for leveraging test knowledge and relevant knowledge
was captured whenever required. In [P14*, P15*, P18], Knowledge was captured based
on the feedback given by the producers and consumers using the characterization
schema.
In [P35*], testers knowledge and experience were recorded and represented to as a
substantial quantity of component sequence in an XML file, where components are the
instances characterized in the ontology developed.
In [P26], ontology based framework was developed to capture the experience and
knowledge gained in test techniques. This knowledge is exploited by the coverage
criteria rules for identification of testing objectives.
In [P33], Ontology based framework was developed for applying KM in software
testing and for generating test cases from various artifacts in dissimilar domains which
yielded them positive results. They provided a brief note on what needed to be tested
based on ontologies and also algorithms for generating high level tests.
Knowledge Retrieval:
5 studies [P2*, P3, P5*, P9, P19] here describe about the ways to elicit knowledge
from experts and testing individuals.
In [P2*], yellow pages were used to retrieve the human knowledge such as an expert
and non-human such as a web page that has additional knowledge i.e. key knowledge
that is most certainly not specified in the knowledge repository.
In [P3, P9, P19], knowledge document retrieval and specialist retrieval were done
based on metadata. If users cannot find the required knowledge archives, specialist
retrieval was utilized to tell the clients where the individual is, who can take care of
issues.
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In [P5], during their case study a spreadsheet was maintained which included the
contact information of an expert who is pertinent in solving an issue with respect to a
specific phone model and thereby rectify the test features affected.
Knowledge Dissemination:
4 studies [P1*, P2*, P21, P23] here describe the ways to spread out testing
knowledge.
In [P1*, P21], knowledge was made available in a useful, readable format to the
individuals who are in need of it in the KM model proposed.
In [P2*], for disseminating the software testing lessons, two different strategies were
proposed of which the first one is active dissemination, where the software testing
lesson learned systems disseminates the lessons learned as per various parameters (ex:
scattering of conceivably helpful lessons learned towards the beginning of every testing
activity by means of a testing activity descriptor). The second way is passive since the
user is responsible for communicating and asking for the conveyance of the software
testing lessons learned systems.
In [P23], a knowledge management framework was developed and few cyclic steps
were considered for disseminating testing knowledge and they are as follows: identify
relevant knowledge, collect the knowledge that is needed, adapt to knowledge, organize
the knowledge in a readable format and apply the knowledge assets to situations where
there is a need of it.
Knowledge Elicitation:
3 studies [P2*, P5*, P27] describe different ways to elicit knowledge from experts
and testing individuals.
In [P2*] an architectural model is developed and the knowledge is elicited based on
the lesson learned systems which included the knowledge of experienced individual
(here, a KM manager as well as expert testers worked as a team and verify the
knowledge).
In [P5*], knowledge was elicited from experts whenever it is required and the
obtained knowledge was captured and documented in a spreadsheet.
In [P27], during the absorption phase in the developed KM model, elicitation takes
place by acquiring knowledge from the external environment i.e. experts.
Knowledge packing:
4 studies [P1, P14, P15, P18] describe focusing on how to pack the knowledge.
In [P1], knowledge packing is done with the aid of Knowledge Management System
by following the knowledge lifecycle which starts from acquisition to application of the
knowledge.
In [P14, P15, P18], a characterization schema constituting of various attribute levels
such as tactical, operational and historical was developed for packaging the experience
of individuals.
Knowledge Evolution:
4 studies [P8, P14, P15, P18] describe focusing on knowledge evaluation and
maintenance of testing knowledge.
A characterization schema was proposed in [P14*, P15*, P18] and a librarian
maintains the repository by taking care of coherence of the information it contains and
updates the repository based on the feedback provided by consumers and producers
using the schema.
In [P8], knowledge analysts were assigned to analyze the discussions that happen
and update the knowledge repository and maintain the database.
Knowledge Acquisition:
4 studies [P2, P21, P29, P32] describe focusing on obtaining testing knowledge.
In [P21], wiki's served as a medium for knowledge acquisition in their case study
whereas in [P29, P32] ontologies and in [P2] lessons learned systems were served as a
medium for knowledge acquisition.
It is also worth figuring out the technologies used for supporting knowledge and
most of the papers have discussed about various technologies. Table 19 portrays about
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the various technologies used for supporting Knowledge Management in Software
testing over the years. Most of the studies used conventional technologies (14 papers)
which included databases, internet and intranet to manage the knowledge, ontologies
(14 papers) have also been used in the same manner. In addition yellow pages (9 papers)
have also been used for knowledge representation.

Table 19 Technologies used for supporting KM over the years
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Organizations can capture, store and create testing knowledge base and
simultaneously use testing knowledge repository. These repositories are termed as data
warehouses as per De Souza [5] and 8 papers have discussed on this technology as
denoted in Table 19.
These technologies in collaboration with knowledge management aspects have
discussed about the various software testing aspects. Table 20 indicates the research
focus from the testing aspects perspective over the years. Most of the papers have
addressed and focused on testing technique (10 papers). In addition testing process (7
papers), testing type (6 papers), test case reuse (3 papers) have also gained more
attention. The key focus of most of the papers was to reuse the test cases and testing
knowledge utilized while designing them.

Table 20 Research Focus on testing aspects over the years
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Testing Process:
7 studies [P1*, P4, P12, P21, P25*, P29, P32] here focus to manage knowledge in
the context of a given testing process such as test planning, test case design, test
execution and test result analysis.
In [P1*], a KMS was used and the conclusions indicated that the model is a very
important feature for Community of practice (System designer, programmer, system
tester, user etc.) to get the knowledge of software testing process environment. This
model was divided into three main components or layers such as tester community of
practice, KMS functionality in software testing, KMS architecture. Software testing
process is carried in terms of knowledge structure with the aid of KMS developed, i.e.
beginning from system requirements of product specification to verification and
validation of product, which comprises of system design, coding and development.
In [P4], when KMS is integrated with software testing, data warehousing and
mining technique alongside artificial intelligence, it turned out to be useful for easy
storage and retrieval of data precisely and accurately. This is especially helpful for
discovering different modules which are scattered along the memory locations amid
software testing process. KMS usage along with software testing indicated that the
overall software testing process is faster compared to its usage in regular i.e. starting
from test planning, test case development, test execution, test result analysis to
management reporting.
In [P12], a KM approach was used to effectively revise a utility retailer’s software
testing process. The case study results indicate that test planning skills were improved
based on the usage of KM framework that they developed. The findings in this paper
i.e. combination of workshop units, workshop evaluation feedback and lesson learned,
indicate that KM approach was an effective way for organizations that are in need of
capturing tacit knowledge in software testing. The subjects studied in this case study
found the testing process to be effective and efficient by the usage of KM framework
even though they were relatively new to knowledge management.
Abdou et al. [P21], advocates that a software test process should be comprehensive,
established and practical to enable Open Source Software system testing. A Framework
for the testing process, which includes test planning, forming test design, deriving test
cases/ test suites, test execution, accepting test results is developed. The results indicate
that an in-depth understanding of test knowledge is essential for a successful execution
of test process. In their case study, it was crucial for them to convert tacit knowledge to
explicit knowledge because in case it remains tacit, it cannot be archived, or shared
across the organization. Thus Wiki's were used to leverage test knowledge. Thus, based
on the steps in Knowledge management life cycle, it made them easier to capture the
relevant knowledge required.
Sirathienchai et al. [P25*] aimed at improving software testing process with the aid
of Knowledge Management. The three distinct models for test planning, test preparation
and test report were built for software testing process. The main aim was to present a
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decision making process in three steps of knowledge management. Firstly, cost
assessment of test knowledge management to different projects was established. In
addition, two knowledge management models were used representing experts with
knowledge sharing and inexperienced persons with internal training. Secondly,
performance evaluation of software testing process is done by different experienced
personnel. Third, a comparative financial analysis was done to figure out the best
solution by return on investment, payback and benefit cost ratio. A case study was
performed to evaluate how the software testing industries need to fabricate effective test
organization with high quality personnel for practical advancement and change. The
case study focused on system testing leaving aside integration and system integration
testing as many projects exclude them due to time constraints. The findings from the
case study on simulation evaluation revealed that the long-term continuous investment
on knowledge management can improve the testing process performance more effective
than the short-term counterpart.
In [P29], a testing process is defined in the light of an advancement technology,
development paradigm and on a testing strategy. Testing life cycle models are generally
utilized as a part of definition of testing process, building macro steps and also reliance
relationship between them. This ontology captures all the relevant knowledge that takes
place during testing process and stores in the repository. In such manner, individuals
can use the knowledge required during testing process using the ontology developed.
For properly managing the testing knowledge, there is a need of mutual
comprehension of the testing ideas, with a specific end goal to associate semantics to a
substantial volume of test data. Keeping in mind the end goal to manage this issue, the
ROost (Reference Ontology on Software Testing) was developed. The main difference
between ROost and other ontologies is that ROost was developed in a principle way
following a well-established method named SABiO which was used in several ontology
development efforts [102]. Meanwhile ROost was developed by taking into
consideration of several positive attributes from various Ontologies. ROost covers
aspects related to software testing process and its activities, artifacts that are utilized
and produced by the activities, testing techniques for test case design and test
environment including human, software and hardware resources as similar as OntoTest
[P29] with a prime motive to manage testing knowledge.
Test Case and test code:
3 studies [P8, P26, P35*] discussed knowledge management for test cases and test
code for reusing them.
In [P8], an ontology and knowledge management model was applied for test case
reuse in a third party testing center. Upheld by the management level, testing center has
built the reusable test case repository with more than 12,000 cases. Furthermore an
organizational exchange library was built on internet. The reusable repository was
applied to forewarning management system for coal mine and the meal ordering system
to direct documentation testing, functional testing and usability testing. The case study
results demonstrate that the effectiveness and efficiency of the test case design and the
work circumstances of test engineers and managers has enhanced clearly. Likewise the
test case quality and knowledge transform efficiency has enhanced according to the
judgment given by test engineers. Thus with the aid of ontology and knowledge
management model, test engineers have retrieved and reused test cases flexibly and also
design efficiency of test case has been improved.
Nasser et.al [P26] exhibited a knowledge based software test generation framework
that permits characterizing the domain and system specific coverage criteria for
different software artifacts and domains, specifically concentrating on test cases. By
utilizing the custom coverage criteria, the test specialists can control on what tests are
to be incorporated in generating test suites. For this reason, the framework used
reasoning on ontologies to address the test case selection issue for re-use. Based on the
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ontology, test individuals can choose and select relevant previous test cases for a given
project based on the characteristics it possess.
In [P35*] a test case generation based on the test code for reuse in GUI testing
process is established based on 5 steps. In the first step, testers experience is recorded
and represented as an extensive quantities of segment in a XML document. Here,
segments are those instances defined in a GUI ontology. In second step, all components
that are related to data elements are distinguished and marked in sequence. In third step,
for each data element, the component sequence that are related to data element are
gathered into the same sequence set. In fourth step, for each sequence set, data
dependent elements among user related components are recorded. In fifth step, for every
sort of knowledge components, outcomes with comparative sensible relations are
figured out. If the recurrence of a legitimate connection surpasses the normal level, it is
concluded as a rule for test case generation. This approach was evaluated in their case
study which indicated that test case generation for GUI testing was found efficient using
this approach and can be reused.
Test levels or Testing Phase:
2 studies [P5, P29] here focused on managing knowledge and application of
Knowledge Management in a specific testing level or phase such as unit, integration,
system testing.
Wei and Yeng [P5*] emphasizes that to deliver high quality and high productivity
of testing during system testing, a KM framework should be integrated into organization
such that test knowledge of mobile test features and execution will be incorporated by
each individual to sustain the phone software system test and maintain the quality of
testing.
Barbosa et al. [P29] suggested an ontology which captures all the relevant
knowledge that takes place during testing phases and stores in the repository. Thus
individuals can use the knowledge required during testing phase using the ontology
developed.
Testing technique:
10 studies [P10*, P11*, P13, P14*, P15*, P17, P18, P20*, P28, P30*] discuss about
managing knowledge in the context of specific software testing techniques with its main
aim to help testers in selecting better suited techniques. As there are enormous testing
techniques that aren't universally applicable, there is a need for selecting a better suited
testing technique for a given project. One of the main quality aspects that impact the
quality of software testing is the set of test cases used. The test case generation is closely
linked to the selection of testing techniques [103]. Ad-hoc, exploratory and model based
testing have been focused in the papers.
In [P14*, P15*], a characterization schema was developed and includes various
attributes such as comprehensibility, maturity level of the individuals performing
testing, cost of application , inputs, dependencies (relationships among testing
techniques), repeatability (whether two persons generate the same test cases), software
type and experience required to use the technique and knowledge required to apply the
technique. Based on the characteristics for a given project and the knowledge that it
utilizes, testing technique are selected.
Beer and Ramler [P10*] claimed that Ad hoc testing, subsuming casual testing
methodologies; and exploratory testing are benefited through the application of KM
practices, where the design of test cases and execution are interwoven to constantly
design new tests using the information and experience gained
Itkonen et al. [P11*] suggested that exploratory testing technique benefits from the
KM practices application. Knowledge in exploratory testing can be applied to distinct
tasks and purposes. Firstly, knowledge can be utilized as data to guide exploratory test
design and secondly, knowledge can be utilized to perceive failures, i.e. as a Test oracle
to differentiate between expected correct outcome and incorrect defective outcome
[104]. Thirdly, knowledge together with the observed actual behavior of tested system
can be utilized to make new better tests amid exploratory testing. All this together
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indicate that by usage of KM practices, one can capture, store and use knowledge
whenever required and thus exploratory testing benefits from the application of KM
practices.
Tinkham and Kaner [P17] suggested that many factors contribute to a tester’s
choice of exploration style such as tester's skills, past experience, detailed knowledge
on usage of technique, personality (including learning style), all this are to be essentially
needed for a perfect utilization of exploratory testing and it happens through capturing,
storing testing knowledge which can be done through KM practices. By making usage
of KM practices, exploratory testing can be done effectively and efficiently.
Vasily [105] claimed that one of the main obstacles for universities moving or
transferring formal methods to industry is due to lack of knowledge management
methods in this area. Explicit knowledge is being focused always leaving aside the tacit
knowledge and could be extracted only when they are participated in testing. Ex: model
based testing needs well defined and documented requirements which is not really done
in real time projects. Hence knowledge has to be captured and stored to make usage of
model based testing in an effective way. In addition, it turned out as a barrier for
beginners to use model based testing technique and hinders development of knowledge
libraries. Upon usage of KM practices, model based testing can be made successfully
to use in universities as well as organizations.
Itkonen et al. [P20*] results indicated that knowledge engineering techniques plays
a crucial role for making use of testing techniques in a more effective way.
Testing type:
Testing Types deal with what aspect of software would be tested, while Testing
Techniques deal with how a specific part of the software would be tested. 6 studies
[P12, P22, P31*, P33, P34, P35*] focused on managing knowledge in a specific software
testing type such as regression, performance, endurance, stress, GUI testing etc.
Nogeste and Walker [P12] conducted a case study which has proven that a KM
based regression process was reliable in light of the fact that regression testing depends
on identification, collection, sharing, documentation and use of a blend of both the tacit
and explicit knowledge. In other words, regression testing benefits from the application
of KM practices.
Performance test is a type of software testing that goes for assessing software
performance at a given load level, however it requires specific Knowledge regarding
tools, activities and metrics in the domain. Frietas and Vieria [P22] developed an
ontology to investigate performance testing from a practical perspective for
representing the core knowledge. Since ontologies serve as a representation of domain
knowledge that empower knowledge sharing among different individuals, it was
investigated with performance testing and the results indicated that it yielded better
results in decision making, decreased costs and increased quality during testing. Frietas
and Vieria [P22] Indicated that this ontology can also be extended to endurance and
stress testing which are both the subclasses of performance testing for better results.
In [P34], Ontology based test case generation is proposed and developed so as to
facilitate GUI testing and producing test cases from the viewpoint of users. GUI testing,
whose fundamental steps are test case generation and execution results validation, is
knowledge intensive that requires both knowledge of GUI systems and tester experience
and a knowledge based technique is to be proposed to manage GUI testing.
In [P35*] an ontology based approach was proposed to make efficiently generate
test cases by making the use of tester experience. The approach is semi-automatic and
the key thought is to generate test cases by introducing knowledge management and
knowledge representation via ontology. The approach first built a GUI testing ontology
by examining source code with reverse engineering techniques. Secondly, the test case
generation rules which are used to create test cases are extracted from testers’
experience. The proposed approach was evaluated and the results indicated that usage
of Knowledge representation and management provides a great support in test case
generation for GUI systems. With the help of ontology GUI testing was finished in a
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more effective way as said in their case study. Henceforth the current approach makes
GUI test more user driven, enhances test knowledge and simplifies the test generation
process.
Valeh et al. [P33], reports the application of knowledge engineering techniques in
automated software testing to enhance the control of test experts on test generation. The
results indicate that based on the usage of ontology, the benefits it can bring to
automated testing is specification of extensible test oracles which can model test
specialists mental model and lend themselves to define custom coverage criteria. The
system grants control to a test specialist to determine or indicate which test cases ought
to be produced and generated to increase test suite's quality. Moreover, additional
benefits of the system are that the produced test suite ontology is programming language
independent and can be deciphered into various languages, and the expert knowledge
ontology developed can be reusable.
The case study in [P31*] used the transaction cost and knowledge management
theories to examine to what degree software development organization will utilize inhouse manual software testers. Based on interviews and a survey conducted in 15
Canadian software development companies, the results indicated that software
development organizations will probably utilize in-house manual software testers when
tacit knowledge is obliged to successfully test a software application. Software
development companies will probably keep manual testing in-house, since the
relationships between testers and other internal employees may build the viability of
testing. Software development organizations are more averse to outsource manual
testing, so as to expand production, when domain specific knowledge is essential to test
the product.
Testing Resource or tools:
Testing resources are obliged to the achievement of a testing step. A testing resource
can be a human resource such as tester or test manager or test analyst, hardware or
equipment or software such as testing tools or supporting systems. Hardware and
software resources are characterized in terms of a testing environment, which can be
utilized to mechanize the testing methods. 2 studies [P10*, P29] discuss about managing
the knowledge about usage of testing tools or resources.
In [P10*], automating the test cases obliged extensive experience with the
automation frameworks and tools. Tool experience has been emphasized in their case
study where the testers utilized unique testing devices and a vendor specific test
environment. Extensive experience with the setup and the utilization of tools was
required and was mentioned as a key factor for producing reliable test results.
Testing tools which provide automated backing to performing the tests are a special
kind of software resources. Barbosa et al. [P29] classified this resources into primary,
organizational and supporting tools. In view of the involvement in testing, they have
represented in OntoTest, an arrangement of functional modules that an essential testing
tool ought to give such as test requirement module, test case execution module, test
result analysis and measurement module. In such manner, knowledge regarding the
resources was captured and provided to the one who are in need of.
General:
The studies here discuss managing knowledge and applying KM to software testing
in general and not specially focusing on a specific software testing aspect.
Papers [P2, P3, P6, P9, P16, P19, P23, P24, P27] just discuss about KM applied to
software testing and not explicitly on a specific testing aspect.
In addition, studies [P5, P7] have focused on dealing with KM applied to various
circumstances of testing which will be done by a third party. It is worth mentioning that
third party testing is not considered as a testing aspect to depict the importance in the
context of KM because it is a kind of testing where in the testing activities being carried
out at third party. This testing has similar activities as mentioned above. The only
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difference is that the process is carried out elsewhere but all the activities of this process
are similar.
Table 21 brings the summary of KM utilization in each testing aspects

Table 21 Utilization of KM in test aspects
Testing Aspects
Testing process

Test code

Testing phases

Testing technique

Testing type
Testing resource

6.3.2

KM Utilization
Test Planning: The main aim is to manage knowledge
in the context of test scenario creation, test cases
design, preparing the test data as well as a test
environment.
Test case design: Aim is to manage knowledge about
the test cases. For example: Reusing the test cases
Test execution: Aim is to manage Knowledge during
test execution i.e. about the number of test cycles on
the basis of project. For example, most of the projects
run two test cycles by adhering to time and cost
conditions
Test result analysis: Aim is to manage knowledge
during test result analysis
Aim is to manage knowledge about the test code (i.e.
which takes into account about the test scripts and
drivers)
The main focus is on applying KM strategies to phases
in software testing such as unit testing, component
testing, integration testing, system testing, acceptance
testing, alpha testing, beta testing.
The key focus is on managing knowledge on testing
techniques, i.e. to help testers to choose better suited
testing technique for designing the test cases, executing
and analyzing the tests.
The focus is on managing knowledge in a specific
software testing type such as GUI, Load testing etc.
Focus is on managing the knowledge about usage of
testing tools or resources.

Software testing techniques that benefit from the application of
KM practices.

As explained earlier in Section 6.3.1, few testing techniques that benefit from KM
were explored by various researchers. Table 22 illustrates about the various testing
techniques that get benefited while KM is applied.

Table 22 Testing techniques that benefits while KM is applied
Testing Technique
Discussed papers
Model based testing
P13
Ad hoc, Exploratory testing
P10*, P11*, P17
Exploratory testing is mentioned as a testing type in few papers such as [P17], but
is also called as a testing technique in few papers such as [P6, P16, P10*] and testing
approach in few [P11*]. But in this research it is considered exploratory testing as a
testing technique in light of the fact that it is noted as test design technique by Irena
[106] Rex [107].
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6.3.3

Software testing techniques that are considered for the survey

There are a numerous ways to produce tests from different sorts of techniques.
There are many testing techniques that are being used by many testing practitioners
[45][42][108]. We use the classification suggested by Ahmed [45] Irina [109] Rex [107]
in the survey. Techniques are classified into test design, execution and analysis.
Following are the various types of test design, test execution and test result analysis
techniques as entailed by Irina [109] Ashfaq Ahmed [45] Rex[107] are listed in Table
23.

Table 23 Classification of testing techniques
Black-Box (Dynamic
technique)

Test Design Techniques
Boundary value analysis, Equivalence
partitioning, Cause-effect graphing, Modelbased testing, Random testing, Pair-wise, UseCase testing, State transition testing.

White-box(Dynamic technique)

Condition coverage, decision coverage, path
testing, Loop-testing, statement Coverage
testing, Control flow, Data flow, LCSAJ testing

Defect-based testing

Mutation testing i.e. standard mutation and
selective mutation
Static technique
Informal Reviews, Walkthroughs, Technical
reviews, Inspection.
Test Execution technique
Dynamic techniques
Exploratory testing, Error guessing testing, adhoc, Negative testing, Fuzz testing
Test result analysis technique
Active testing, Fault-tree analysis, root cause analysis, Pareto analysis, Causeeffect analysis (Fishbone diagram)
As explained in Section 2.1.2, during the verification phase, static testing
techniques such as Informal reviews, walkthroughs, technical reviews and Inspections
come into the existence and during the validation part of the testing, test design
techniques such as White-box, Black-box which are also called as dynamic techniques
come into existence. Experience based or dynamic techniques come into the picture
during the test execution phase and the techniques are mentioned in the Table 23. Active
testing, fault-tree analysis, root cause analysis and Pareto analysis were the test result
analysis techniques.

6.3.4

Challenges due to lack of KM practices.

12 papers [P1*, P3, P4, P6, P7*, P9, P16, P19, P20*, P22, P25*, P32] made attempts
to provide the various challenges that are faced due to lack of KM. It is worth to be
noted that all the challenges faced below are taken from empirical studies. Table 24
illustrates the identified challenges faced due to the lack of KM practices in the paper
that they are addressed.

Table 24 Challenges faced due to lack of KM in software testing
Challenges faced
CH1:Low reuse rate of
software testing knowledge
CH2: Barriers in Software
testing knowledge transfer
CH3:
Poor
sharing
environment for software
testing knowledge
CH4: A serious loss of
software testing knowledge

P1*
X

P3
X

P4
X

P6
X

P7*

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

P9
X

P16

P19
X

P20*

P22

P25*

P32
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Ch5: Impossible to achieve
the
most
optimum
distribution of human
resources quickly
CH6: Determining whether
or not adequate testing has
been done
CH7:
Difficulties
in
achieving test coverageNumber of test cases
CH8: Determining whether
or not the outputs are
correct
CH9: Documentation is not
being updated
CH10: Troubleshooting
documentation was
inaccurate
CH11:
Schedule
and
release information from
the testing organization to
development found to be
insufficient
CH12: Determining what
you can say about the
software when testing is
completed. Proceed further
or not to proceed further
CH13: Improper selection
and application of better
suited technique
CH14: Increase in cost and
time
CH15: Decreasing test
effectiveness
CH16: Lacked practices for
logging and tracking in
testing
CH17: Less exchange of
requirements knowledge to
testers and not using the
fullest.
CH18:
Unclear
in
identifying whether the
most critical aspects of test
components are tested
CH19: Less support for
Decision making
CH20: Testing knowledge
not considered in test
planning
CH21:
Lacking
test
technique skills
CH22: Missing of high
severity defect detection

X

X

X

X

X

X

X

X
X

X

X

X

X
X
X

X

X

X
X

X
X

 CH1: Low reuse rate of software testing knowledge [P1*, P3, P4, P6, P9,
P19]:
Due to lack of KM practices, open learning and public knowledge in software
testing has not been amassed consciously. By neglecting in capturing the knowledge
and experience of individual within the organization, there leads to occur repetition of
same mistakes again and again, even though there are individuals in the organization
with the knowledge and experience who can rectify or prevent it from occurring. By
low testing knowledge reuse, it also increases the effort and cost to accomplish a task
in software testing. Even if there are few databases about the testing knowledge and
experiences within an organization, most of the staff neglect using them without the aid
of KM practices, which makes testing knowledge neglected and disused and prompts
the low reuse rate of testing knowledge and experience. Regarding reuse, software
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testing in general takes into consideration in reusing test cases, test modules, test
components and experience of individuals.
 CH2: Barriers in Software testing knowledge transfer[P1*, P3, P4, P6, P9,
P19]:
Without a proper application of KM practices, it makes very hard to perform
knowledge transfer. In addition, individuals always bitterly look for the knowledge that
they require and not the entire repository. Yellow pages can serve as a medium for
rectifying that problem. Moreover, IT staff cannot get a handle of new testing
knowledge without the aid of KM practices. This happens because most of the
knowledge in organization is tacit which is usually got through experience and it is
difficult to articulate it.
 CH3: Poor sharing environment for software testing knowledge
[P1*][P3][P4][P6][P9][P19]:
In case if there is not any formal, unique and sorted knowledge sharing environment
in the organization, then staff members has few chances of shared communication. A
knowledge sharing model as indicated by Sirathienchei [21], has to be accumulated
within organization to overcome this issue.
 CH4: A serious loss of software testing knowledge [P3, P4, P6, P9, P19] :
Due to lack of KM practices, numerous knowledge and experience are grasped by
just few individuals and haven't really become public knowledge. Thus by maintaining
knowledge repositories and databases that store knowledge of each individual and
hence can make use of it whenever required. In addition, a sudden turnover in the staff
impacts a lot and a severe loss of testing knowledge. By proper aid of knowledge
engineering practices, one can rectify the problems from occurring.
 CH5: Impossible to quickly achieve the most optimum distribution of
human resources [P3, P4, P6, P9, P19]:
Knowledge management is an integration of human, process and technology among
which human is the most essential part. In the event that the managers doesn't have the
foggiest idea about the staff's knowledge level, the ideal team will not be sorted out in
another testing project which itself makes a huge drastic impact in achieving the
optimum distribution of human resources [11].
 CH6: Determine whether adequate testing has been done [P4]:
Due to lack of KM, it leads in a dilemma to depict whether adequate testing has
been done or not. Applying knowledge as a test oracle mentions on when to stop testing
and points out whether adequate testing has been done or not [9].
 CH7: Difficulties in achieving test coverage- Number of test cases[P4]:
Due to lack of KM practices, it is hard to find out the untested parts of the code base
as well as their arise a situation where reusable test case is being neglected and not
stored in the repository which makes it increase in effort and time for performing the
task. In general, a reusable test case has its own test objective that is pertinent to specific
domain area and testing type. By using distinct testing methods and by following testing
steps, test data should be designed based on the skills and experience of the designer.
Thus, based on the characteristics for a given project, one can choose the re-usable test
case based on its similarities as indicated by Li and Zhang [13].
 CH8: Determining whether or not the outputs are correct[P4]:
Knowledge plays a role as a test oracle to identify whether the obtained result after
execution is in compliance with the expected outcomes i.e. correct, expected outcome
or incorrect, defective outcome [28]. Thereby, due to lack of KM practices, it results in
a huge negative impact to determine whether or not the outputs are correct as the
relevant knowledge is neglected.
 CH9: Documentation is not being updated [P7*]:
Due to the lack of KM practices, updating knowledge repositories is rarely done
which results in having an outdated repository. Relying in such repositories provides
inaccurate results [57]. In such case, Knowledge evolution and maintenance methods
has to be done frequently by allocating knowledge analysts or a specific confound
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person i.e. allocating a librarian that maintains the repository by taking care of
coherence of the information it contains and updates the repository regularly as
indicated by Vegas et al.[25]
 CH10: Troubleshooting documentation was inaccurate[P7*]:
Due to the lack of KM practices, knowledge documents which retrieve human
knowledge such as an expert knowledge is not efficiently done[57]. Knowledge
manager and experts are to be allocated who frequently check the knowledge database
as well as verifies the knowledge that is accumulated and stored in the repository and
rectify the problems [10].
Further challenges include
 CH11: Schedule and release information from the testing organization to
development found to be insufficient [P7*]
 CH12: Determining what you can say about the software when testing is
completed, proceed or not to proceed further [P4].
 CH13: Improper selection and application of better suited technique [P32].
 CH14: Increase in cost and time [P32].
 CH15: Decreasing test effectiveness [P32].
 CH19: Less support for Decision making [P22]
 CH20: Testing knowledge not properly considered for test planning [P6]
 CH21: Lacking test technique skills [P25*]
 CH22: Missing of high severity defect detection [P25*] are few more
challenges that are faced due to lack of KM practices in software testing.
Based on the qualitative observation study on manual testing practices in four
software companies [110], challenges below are observed.
 CH16: Lacked practices for logging and tracking in testing [P20*]
 CH17: Less exchange of requirements knowledge to testers and not using
the fullest [P20*].
 CH18: Unclear in identifying whether the most critical aspects of test
components are tested [P20*].
The aforementioned challenges cause inefficient software testing, moderate
response to the market, weak strain capacity. As per Liu Xiu mei et.al [56], proper
utilization of KM practices can rectify the mentioned issues, hence it is imperative to
carry out KM practices in the field of Software Testing.

6.3.5

Discussion and Conclusion of SLR

35 Papers talked about testing aspects but only 23 talked about various KM aspects,
10 papers discussed about testing techniques and 11 papers dealt on challenges faced
due to lack of KM.
6.3.5.1

Overview of the SLR results
Most of the studies have a base of Liu et al. [51] Andrade et al. [10] Li and Zhang
[13] papers. From these studies, the testing aspects were focused in most of them with
empirical evidence. As entailed by de Souza et al. [5], the usage of KM practices
provides larger benefits in terms of effort, cost and quality.
Some of the studies have just proposed a solution and have not performed further
extension, for example: Artur Freitas et al [26] have just proposed on developing an
ontology for guiding Performance testing and have not executed or extended further
due to lack of research and also because of concrete research available on KM in
software testing.
Knowledge Management aspects such as Knowledge management models,
Knowledge Management systems, Knowledge capturing, Knowledge representation
through ontologies or yellow pages etc. have gained more attention in the literature.
Knowledge retrieval i.e. to elicit knowledge from experts, was also one of the aspect
which has gained more attention. Knowledge dissemination, Knowledge packing,
Knowledge evolution are another aspects that avoids the barriers and reduces the
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negative impact that testing faces and can enhance the quality of the product upon
utilizing them in testing. The remaining KM aspects such as Knowledge acquisition,
Knowledge elicitation have gained little attention on applying it to testing and are not
so popular.
Moving onto the software testing aspects, most of the studies have discussed about
various testing aspects in relation to KM. Table 20 shows the different kind of testing
aspects that are obtained through literature review. Among which test planning, testing
technique, testing level or testing phase and test execution are the one which have
received more attention. In addition, test case design was the one which has been
specifically focused in most of the papers stating the significance it gains based on the
usage of KM. Testing resources and testing type have also been focused in the chosen
papers but are less concentrated. In the empirical studies chosen, Knowledge analysts
used to gather the knowledge of the individuals and experts and store them in a database.
With the aid of KMS, KM model, KM tools and techniques, test experts that are
required for a specific project are assigned accordingly and the stored knowledge is reused by individuals who are in need of it. The KMS and KM models have been
evaluated which yielded positive results in terms of time and cost.
Testing types such as regression testing, GUI testing are dealt as most important in
the context of KM in the literature. Few of the testing techniques are being focused and
are dealt in relation with KM. KM models and ontologies were built for reusing the
knowledge gained through testing techniques and to store this knowledge. However,
different testing techniques require different knowledge. Most of the studies have not
specified and have not focused on the knowledge relevant for a specific testing
technique. Techniques as explained in Table 22 such as exploratory, Ad hoc, Model
based testing where focused in literature review. When KM practices are used for these
techniques while on implementation, it can be observed that most of the organizations
have gained benefits in terms of time, cost, quality, efficiency.
In addition, various challenges are being faced due to the lack of KM in software
testing and are specified in most of the studies, among which a few need to be
empirically validated as there is not any empirical evidence in stating those challenges.
Challenges faced are specified in Table 24.
To summarize, KM aspects along with few KM tools and technologies where used
in several testing aspects to overcome the challenges faced due to lack of KM. In
addition, from the experience reports and the case studies, it can be said that utilizing
Knowledge Management during testing technique selection and during implementation
can make it more reliable [12][11].
When KM and testing are combined, benefits such as reduced cost, time and effort,
improved product quality, improvement of intellectual capital etc. can be achieved.
Finally, KM can be used as troubleshoot for software testing by making the testing
process efficient.
6.3.5.2

What is missing in the literature
Most of the researchers specified the various testing aspects being focused while
applying KM in software testing
 Some of the research requires further information on the aspects being focused.
Where the experience reports and case studies are concerned, they are executed
in industries with pertained project characteristics. Numerous experience
reports have observed that for executing KM in software testing in an
organization it takes some time for the team and organization to adopt to it. In
addition various reports have claimed different aspects that are being focused
while applying KM and lacked in depicting its importance in relation with KM.
Thus, there is a need to understand in which testing aspects KM is more useful
so that organizations can make use of KM practices for that specific testing
aspect in order to claim the benefits the KM provides.
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It can also be observed that researchers still required to validate specific testing
aspects, testing techniques for their efficiency. On the other hand, regarding the
implementation of KM in test design, execution and result analysis techniques,
none of the studies have discussed regarding the impact a technique has on
applicability of KM and the knowledge it requires. Guidelines and suggestions
for adopting KM practices during software testing should be identified focusing
on each of the software testing techniques i.e. test design, execution and result
analysis techniques and shall be implemented in the industry.

Thus, findings from literature review will be validated or complemented
empirically and further supplemented by conducting survey with the practitioners. By
performing the survey, this research can identify which testing aspects gain more
attention while applying KM, testing techniques that benefit from the application of KM
and the knowledge these techniques require, challenges faced due to lack of KM in
software testing.

6.4

Threats to validity of the literature study
Validity threats under the snowballing phase of the thesis are discussed according
to the four validity categories as suggested by Wohlin et al. [68] Pietersen et al. [111].
How these threats are addressed and dealt to reduce the impact that they have is
explained below in detail.
Internal validity:
The primary idea behind choosing snowballing was to capture all the available
literature minimizing researcher bias, and therefore internal validity ought to be one of
the major challenges for this study. Therefore to rectify it, a review protocol was defined
which included attributes such as forming the search string, search strategy definition,
selecting the database, inclusion and exclusion criteria used, quality assessment being
carried out etc. were made and has been assessed by the supervisor. In addition to this,
threats such as choosing whether or not the articles are to be incorporated or excluded
is also faced, because finding the aspects, software testing techniques that get benefited
from the usage of KM is not usually mentioned the same and is not straight forward in
literature study which prompts the threat of ignoring or skipping relevant articles. This
threat is being moderated by the association of the supervisor on each of the iteration of
snowballing as his experience under this domain adds more weightage to reduce the
researcher bias. Moreover, Internal validity threat is mitigated by following the
mapping guidelines provided by Pietersen et al. [111] and quality assessment criteria as
per the guidelines provided by Ivarsson and Gorschek [86].
Construct validity:
Construct validity focuses on various potential confounding factors regardless of
whether a study had the capacity to capture what it was intended to get i.e. to achieve
the aims and objectives. One of the main concerns for this research was the presence of
various multiple definitions for Knowledge Management. Thereupon, to mitigate this
threat, Davenport [30] concept of Knowledge Management was adopted both in SLR
and Survey.
As indicated by Kaner [112], Construct validity depends on the question of "How
does one recognize that they are measuring what they usually think they are measuring
against?". Structure of the Search string could be one of the construct validities in our
research. Search string formulated might not facilitate us in recognizing relevant and
pertinent articles for the start set. To overcome this, we have refined our search string
with the assistance of our supervisor. Extraction of data from the research papers with
respect to aspects, techniques and challenges could be one of the threats. To avoid these
threats, assistance from the supervisor was taken by continuously sending the updates
of each step that we have taken.
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External Validity:
External validity considers the capability to generalize the results into various
context setting dimensions. Most of the studies fall under case study research category
with more rigor and relevance, check Figure 9 in Section 5.3. In addition, most of the
studies were done in industrial context. Thus, the outcomes are industry pertinent and
are more generalized.
Reliability:
Reliability depends on what degree the data and analysis are subject to a specific
researcher. Thereby to improve the reliability of this study numerous strategies were
considered.
Firstly, to avoid the insignificant studies and to keep up the consistency while
finding the start set for snowballing, database such as "Engineering Village" was
considered which was usually recommended as a fabulous search for research rather
than "Google scholar" which lacks in capturing the scope as it finds superfluous data
[67]. In order to overcome the probability of missing relevant works and also to enable
higher coverage, few manual searches were exhibited in the grey literature in Google
scholar. This activity was performed to cross check with the essential studies resulted.
In addition, there raises a risk of missing primary and secondary studies just with a
single search string. To mitigate this, 13 papers were identified for the start set to
confirm the exactness of search string. On the other hand, it just declines the selection
bias that might affect further research. Moreover we trust that the potential impact of
this bias and inclination have a lesser significance in mapping studies than that of
Systematic Literature reviews. In order to substantiate the search method, author have
used backward and forward snowballing and have obtained relevant additional studies
relating to the context of Knowledge Management in Software testing
Quality assessment of the chosen papers was ensured by using rigor and relevance
criteria. Quality is guaranteed in three phases such as
1) By concentrating on peer-reviewed articles that were included in primary studies
2) By classifying the studies based on the research type
3) Rigor and relevance were done to build the objectivity.
Assessment was carried out by the author and later examined by the thesis
supervisor. A data spreadsheet was created and data properties were mapped with the
research questions as shown in Table 5, so as to achieve the objectives of the study. In
addition, each paper was rated according to rigor and relevance as per the guidelines
proposed by Ivarsson and Gorschek [86] and data extraction properties of each paper
were thoroughly examined by the author and supervisor.
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7

RESULTS AND ANALYSIS OF SURVEY
The survey was executed using an online survey tool named "Survio" [113]. In the
current section, findings from survey demographics and involvement with knowledge
management is pointed and analyzed. Altogether there were about 150 invitation emails
sent out to companies, software testers, knowledge engineers and knowledge
management in software testing authors. Also, there were about 45 invitation postings
in various knowledge management and software testing groups present in Facebook,
LinkedIn, GoogleGroups and various other discussion boards that relate to knowledge
management and software testing. Author has received 62 responses of which 54
completely filled responses were chosen and 3 were removed because they were not
completely filled in and the rest 5 were removed based on the fact that the respondents
were not involved in software testing, since the involvement of testing is a key factor in
the questionnaire to answer. This infers an 88% completion rate of the survey which is
sufficient rate of finishing as indicated by Kitchenham et al. [94]. This helped in
inferring that survey is of good quality and was justifiable and understandable for the
participants and hence completed responses are utilized for further processing.

7.1

Demographics

7.1.1

Analysis of information about the respondents

The survey was targeted on respondents working in various roles and
responsibilities. The author has added a question stating to answer the role of the
respondent in their organization, we have identified 11 different roles from the chosen
54 respondents among which more than half were software testers (32 i.e. 59.3%), 4
were knowledge engineers (7.4%) and test analysts (7.4%), 3 were testing team leads
(5.6%) and test designers (5.6%), 2 were test managers (3.7%) and researchers under
the field of software testing (3.7%) and 1 each on quality manager (1.9%), quality
analyst (1.9%), knowledge analyst (1.9%) and Others (software developer) (1.9%).
Roles of the respondent are presented in the Figure 10.

ROLE OF RESPONDENTS

Quality analyst
Quality Manager 2%
2%
Researcher
4%

Knowledge
analyst
2%

Other
(Software
Developer)
2%

Test manager
4%
Test designers
6%
Test team lead
5%

Software
testers
59%

Test analysts
7%
Knowledge
Engineers
7%

Figure 10 Roles of Respondents
The respondents were asked to assess the software testing knowledge on a scale of
1 to 5 indicating them as none, novice, moderate, skilled and expert. Based on the
obtained responses, it was observed that most of the respondents i.e. 18 were expert
(33.3%), skilled (33.3%) followed by 17 moderate (31.5%). Only 1 person has indicated
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their knowledge as novice (1.9%). The software testing knowledge of the respondents
is shown in Figure 11.

Software testing knowledge of respondents
0% 2%

33%

None

Novice

32%

Moderate

Skilled

33%
Expert

Figure 11 Testing Knowledge of respondents
Also, respondents were asked to mention the experience or the time period of their
software testing involvement which is an essential factor in examining the quality of
the results obtained in the survey. Based on the results obtained, it was clear that the
most number of respondents’ i.e. 28 have more than 5 years of experience in software
testing. Also 13 respondents have 3-5 years of experience under the field of software
testing. All together 76% of respondents have more than 3 years of experience of which
51.9% of the respondents have more than 5 years of experience and 24.1% have more
than 3 years of experience which is quite a good percentage to ensure that the
contribution provided by the respondents are more trust worthy. The period and the
experience of the respondents is provided in the Figure 12.

Working Experience in Software testing
60%
50%
40%
30%
20%
10%
0%
Not Involved in Less than 1 year
Testing

1-2 years

3-5 years

More than 5 years

Work experience

Figure 12 Working Experience of Respondents
The working experience of respondents under software testing sector is calculated
statistically to identify the categories where the minimum and maximum number of
respondents participated. The minimum is observed as 0 which corresponds to the
category “Not Involved in testing”, similarly the maximum value as seen from Figure
12 is 28 respondents from the category “More than 5 years”. The mean, median and
standard deviation as shown in Table 25.
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Table 25 Statistical representation of working experience in Software
Testing
Minimum
0

Maximum
28

Mean
10.8

Median
11

Std. Dev
11.12

In addition, respondents were asked to indicate if they are working full-time or parttime. Among the 54 respondents, 50 respondents (92.6%) work in full-time and 4
respondents (7.4%) work in part-time. Involvement of respondents in the field of
software testing is shown in Figure 13 below.

Involvement in Software Testing
7%

Full-time

93%
Part-time

Figure 13 Involvement in Software testing
To categorize the respondents based on the test expert level, respondents were asked
to categorize each of the testing process based on their skill and level on a scale of 1 to
5 indicating 1 as very low and 5 as very high. The obtained responses are analyzed and
the expert level of respondents is provided in the form of a heat map. Heat maps portray
the number of responses acquired from the respondents for each testing process with
respect to the test expert level. In the heat map provided, respondents with high test
expert level in each of the testing process is shown with the aid of dark color and those
that of the lowest level is shown in light color. Heat map for the test expert level of
respondents in each testing process is depicted in Table 26.

Table 26 Test expert level in each of the testing process

It is clear from the heat maps that the test expert level of respondents in test result
analysis is of very high level and those that of test estimation, test planning, test
execution, is of high level and test design is of moderate and high level. Test expert
level of defect management has been answered as moderate by most of the respondents.
One main barrier for this research is the presence of various multiple definitions of
Knowledge Management. To overcome the construct validity i.e. whether a study had
the capacity to capture what it was intended to get, author has asked respondents to
point out the familiarity of Knowledge Management based on Davenport [30] concept
on a scale of 1 to 5. Figure 14 shows about the respondents’ familiarity with the concept
of knowledge.
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Familiarity with concept of KM
60.00%
50.00%
40.00%
30.00%
20.00%
10.00%
0.00%
Very Low

Low

Moderate

High

Very High

Percentage

Figure 14 Familiarity with the concept of Knowledge Management
From Figure 14, it is clear that 28 respondents (51.9%) are very high in familiarity
with the concept of KM followed by 15 respondents (27.8%) that are moderate in
familiarity with the concept of KM. 11 respondents stated the familiarity with the
concept of KM as high.
The above data is statistically analyzed. Familiarity with the concept of KM by the
respondents is calculated statistically in minimum and maximum rate of percentage
along with its mean, median and standard deviation as shown in Table 27.The minimum
value is observed to be 0 belonging to “Very Low” category. The maximum value is
observed for “Very High” category with 28 respondents. The table is substituted with
mean, median, standard deviation values alongside.

Table 27 Statistical representation of familiarity with the concept of KM
by respondents
Minimum
0

Maximum
28

Mean
10.8

Median
11

Std. Dev
11.691

To know whether the organizations where the respondents have been working
implement Knowledge Management practices or strategies in software testing (which
is a crucial and essential thing to know because the results from the individuals that are
using KM practices can be found to be effective and qualitative), Respondents were
asked to point out either yes or no of which 49 respondents (90.7%) have said yes and
the rest 5 respondents (9.3%) have said no which helps in inferring that the contribution
of the respondents can be trustworthy. Figure 15 depicts in a graphical way to know
whether the organizations where the respondents have been working implement KM
practices or not in software testing.

Involvement with KM in software testing
9%

91%
Yes

No

Figure 15 Involvement with KM in software testing

61

7.2

Testing aspects that gain more attention while KM is
applied in Software testing
With a specific end goal to recognize the level of importance of testing aspects that
are obtained through literature, respondents were solicited to indicate the level of
importance of knowledge management for each testing aspect.
The list of testing aspects that are obtained through the literature were provided to
the respondents and are asked to depict their perspective on the level of significance of
knowledge management in each of the testing aspect. The responses obtained were
examined and analyzed and are organized in the form of heat maps. Heat maps
delineates the amount of responses obtained for each of the testing aspect with respect
to its level of importance of knowledge management as determined by the respondents.
From the heat map provided below, strongest suit of importance is shown with the aid
of dark color and those that of the lowest importance is shown in light color. Agreement
of importance of the identified testing aspects using heat maps is depicted in Table 28.

Table 28 Importance of Knowledge Management in each of the testing
aspects

From the heat map, it is clear that test planning, test design, test technique, test
result analysis and test resources are the aspects that gain much attention while KM is
applied. Test code, testing phase and testing type are categorized as important and test
execution is categorized as moderate by most of the respondents. In order to check the
results in relation with the demographics, chi-square test of significance was done
which will be dealt in Section 7.2.1

7.2.1

Chi-square and Cramer’s V to test the relationship in between
demographics and testing aspects

The author investigates the responses obtained through the questionnaire to find out
if there is any relationship between Importance of testing aspects on one side and the
roles, software testing knowledge, and time duration involved with testing, of
respondents respectively on the other side. The reason behind excluding other
demographics such as Knowledge Management involvement, Full-time or Part-time is
almost 91% of the respondents (refer Figure 15), 93% of the respondents (refer Figure
13 ) were involved in KM and were Full-time employees. This implies that most of the
respondents were involved in testing and are aware of KM and have thereby decided
not to consider the relationship in accordance with test aspects. The relationship
significance was done utilizing chi-square test.
From here on, Chi-square results can be seen based on the following format:
Format:
[(𝑂𝑏𝑡𝑎𝑖𝑛𝑒𝑑 𝜒 2 𝑣𝑎𝑙𝑢𝑒) < 𝑜𝑟 > 𝑜𝑟 = 𝐶𝑟𝑖𝑡𝑖𝑐𝑎𝑙 𝜒 2 (𝑓𝑜𝑟 𝑡ℎ𝑒 𝑜𝑏𝑡𝑎𝑖𝑛𝑒𝑑 𝑑𝑓 𝑣𝑎𝑙𝑢𝑒), 𝑑𝑓 =
(𝑂𝑏𝑡𝑎𝑖𝑛𝑒𝑑 𝑑𝑓 𝑣𝑎𝑙𝑢𝑒), 𝑝(𝑂𝑏𝑡𝑎𝑖𝑛𝑒𝑑 𝑝 𝑣𝑎𝑙𝑢𝑒) < 𝑜𝑟 > 𝑜𝑟 = 0.05, and

Percentage of cells (%) < or > or = 5
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Alternate hypothesis can be accepted if:
((𝑂𝑏𝑡𝑎𝑖𝑛𝑒𝑑𝜒 2 𝑣𝑎𝑙𝑢𝑒 ≥ 𝐶𝑟𝑖𝑡𝑖𝑐𝑎𝑙𝜒 2 ( 𝑏𝑎𝑠𝑒𝑑 𝑜𝑛 𝑡ℎ𝑒 𝑑𝑓 𝑣𝑎𝑙𝑢𝑒) , 𝑑𝑓 =
(𝑜𝑏𝑡𝑎𝑖𝑛𝑒𝑑 𝑣𝑎𝑙𝑢𝑒), 𝑝 (𝑜𝑏𝑡𝑎𝑖𝑛𝑒𝑑 𝑝 𝑣𝑎𝑙𝑢𝑒) ≤ 0.05)
And
At the most 20% of the cells should have value less than 5
7.2.1.1

Respondent roles VS Testing aspects
To remind the reader, Section 7.1 details about the respondents roles. Based on
Figure 10, more than half of the respondents i.e. 32 were software testers (59.3%)
followed by 4 were knowledge engineers (7.4%) and so-on (Kindly refer Figure 10 for
further information).
By combining hypothesis in relation with roles and testing aspects. Null hypothesis
(H0) indicates that there is no significant relationship in between the roles of the
respondents (Variable 1) and testing aspects importance (Variable 2). Whereas, the
alternative hypothesis (H1) indicates that there is significant relationship among these
two variables.
As said in Section 4.3.3.1, Chi-square test obliges that at most 20% of the cells have
anticipated value less than 5. Since there are some roles such as test analysts, test team
leads, test designers and test managers which have received 3 each and 2 responses,
they were grouped into 1 category and were moved to software testers to reduce the
number of cells that received less than 5. In addition, roles such as researcher under the
field of software testing constituted 2 respondents and 1 each on quality manager,
quality analyst, knowledge analyst. These were moved to others category to reduce the
number of cells that have received less than 5.
After executing the chi-square test of significance, the results indicated that the null
hypothesis (H0) is not rejected and thus can conclude that there is no significant
relationship between roles of the respondents and the importance of testing aspects
Reason:
Results of the Chi-square were calculated along with the df, p values and are as
follows:
Test planning: (𝜒 2 = 5.463 < 12.592, 𝑑𝑓 = 6, 𝑝 = 0.486 > 0.05). 83.3% <5
Test case design: (𝜒 2 = 6.555 < 7.815, 𝑑𝑓 = 3, 𝑝 = 0.08 > 0.05). 75% <5
Test code: (𝜒 2 = 8.566 < 12.592, 𝑑𝑓 = 6, 𝑝 = 0.199 > 0.05). 83.3% <5
Testing phase: (𝜒 2 = 7.261 < 16.919, 𝑑𝑓 = 9, 𝑝 = 0.610 > 0.05). 87.5% <5
Testing technique: (𝜒 2 = 9.972 < 12.592, 𝑑𝑓 = 6, 𝑝 = 0.126 > 0.05). 83.3% <5
Test execution: (𝜒 2 = 12.530 < 16.919, 𝑑𝑓 = 9, 𝑝 = 0.185 > 0.05). 81.2% <5
Test result analysis: (𝜒 2 = 5.858 < 7.815, 𝑑𝑓 = 3, 𝑝 = 0.119 > 0.05). 75% <5
Test resources: (𝜒 2 = 6.204 < 16.919, 𝑑𝑓 = 9, 𝑝 = 0.147 > 0.05). 87.5% <5
Testing type: (𝜒 2 = 15.880 < 16.919, 𝑑𝑓 = 9, 𝑝 = 0.126 > 0.05). 87.5% <5
In addition, the minimum expected count is less than 1 which violates the chi-square
test conditions. Thus, it is clear from each of the aspect that alternate hypothesis (H1)
can be rejected as such that it has not met the criteria and thereby it is clear that there is
no relationship significance between the roles of the respondents and the testing aspects.
The Chi-square results are clearly illustrated in Section 12.3.1.1 in Appendix C.

7.2.1.2

Working experience in Software Testing VS Software testing aspects

In addition, author investigated the relationship between software testing
knowledge and the testing aspects importance. It can be seen from Figure 11 that most
of the respondents i.e. 18 were expert (33.3%), skilled (33.3%) followed by 17 moderate
(31.5%) and 1 person has indicated their knowledge as novice (1.9%). Here the
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respondent with novice knowledge has neither been moved to moderate nor considered
because the respondent is one and it should not change the results dramatically. Here,
the Chi-square test of significance was performed to find the significant relationship
between the software testing knowledge and the testing aspects importance. The null
hypothesis (H0) states that there is no significant relationship in between the software
testing knowledge (Variable 1) and the importance of testing aspects (Variable 2).
Whereas, alternate hypothesis (H1) indicates that there is significant relationship in
between these two variables.
The Chi-square test results suggested not to reject the null hypothesis (H0) and thus
can state that there is no significant relationship in between testing knowledge and the
testing aspects importance.
Reason:
Results of the Chi-square were calculated along with the df, p values and obtained
results with respect to each testing aspect are as follows:
Test planning: (𝜒 2 = 2.069 < 9.488, 𝑑𝑓 = 4, 𝑝 = 0.723 > 0.05). 66.7% <5
Test case design: (𝜒 2 = 3.918 < 5.991, 𝑑𝑓 = 2, 𝑝 = 0.07 > 0.05). 50% <5
Test code: (𝜒 2 = 1.267 < 9.488, 𝑑𝑓 = 4, 𝑝 = 0.867 > 0.05). 66.7% <5
Testing phase: (𝜒 2 = 3.427 < 12.592, 𝑑𝑓 = 6, 𝑝 = 0.754 > 0.05). 75% <5
Testing technique: (𝜒 2 = 8.124 < 9.488, 𝑑𝑓 = 4, 𝑝 = 0.127 > 0.05). 66.7% <5
Test execution: (𝜒 2 = 10.811 < 12.592, 𝑑𝑓 = 6, 𝑝 = 0.094 > 0.05). 50% <5
Test result analysis: (𝜒 2 = 3.200 < 5.991, 𝑑𝑓 = 2, 𝑝 = 0.202 > 0.05). 50% <5
Test resources: (𝜒 2 = 5.566 < 12.592, 𝑑𝑓 = 6, 𝑝 = 0.473 > 0.05). 50% <5
Testing type: (𝜒 2 = 3.571 < 12.592, 𝑑𝑓 = 6, 𝑝 = 0.126 > 0.05). 50% <5
In addition, the minimum expected count is less than 1 for each of the aspect with
respect to respondent role (Refer full results in Section 12.3.1.2). Thus we can state that
the results violated chi-square test and can conclude that there is no relationship in
between the testing knowledge of respondents and the testing aspect importance. The
results of Chi-square were detailed in Section 12.3.1.2 in Appendix C.
7.2.1.3

Time duration involved in testing VS Test aspects
To remind the reader, Section 7.1 depicts about the number of respondents with
respect to the time duration involved in Software Testing. Based on Figure 12, it can be
observed that the respondents belong to 4 different time duration categories with respect
to Software Testing. Among which there are 28 respondents with more than 5 years of
experience in software testing constituting more than half i.e. (51.9%) followed by 13
respondents (24.1%) with 3-5 years experienced, 11(20.4%) respondents with 1-2
years’ experience and 2 respondents with less than 1 year category.
The null hypothesis (H0) indicates that there is no significant relationship in
between the tester’s experience (Variable 1) and the importance of testing aspects
(Variable 2). The alternative hypothesis (H1) indicates that there is a significant
relationship in between these two variables.
Since Chi-square test requires that at most 20% of the cells have anticipated a count
less than 5, 2 respondents with 1 year experience were merged into 1-2 years
experienced category.
The results obtained through chi-square test indicated that the null hypothesis (H0)
is rejected and there by proceed with the alternate hypothesis (H1). Thus can state that
there is a significant relationship in between the experience and testing aspects
importance.
Reason:
Results of the Chi-square were calculated along with the df, p values and are as
follows:
Test planning: (𝜒 2 = 𝟗. 𝟕𝟒𝟑 > 𝟗. 𝟒𝟖𝟖, 𝑑𝑓 = 4, 𝑝 = 𝟎. 𝟎𝟒𝟖 < 𝟎. 𝟎𝟓). 18.6% <5
Test case design: (𝜒 2 = 𝟏𝟒. 𝟐𝟑𝟔 > 𝟓. 𝟗𝟗𝟏, 𝑑𝑓 = 2, 𝑝 = 𝟎. 𝟎𝟎𝟏 < 𝟎. 𝟎𝟓). 15.1%
<5
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Test code: (𝜒 2 = 𝟏𝟑. 𝟒𝟏𝟗 > 𝟗. 𝟒𝟖𝟖, 𝑑𝑓 = 4, 𝑝 = 𝟎. 𝟎𝟒𝟗 < 𝟎. 𝟎𝟓). 21.2% <5
Testing phase: (𝜒 2 = 𝟏𝟔. 𝟗𝟑𝟏 > 𝟏𝟔. 𝟗𝟏𝟗, 𝑑𝑓 = 6, 𝑝 = 𝟎. 𝟎𝟒 < 𝟎. 𝟎𝟓). 16.7% <5
Testing
technique:
(𝜒 2 = 𝟏𝟖. 𝟓𝟏𝟐 > 𝟗. 𝟒𝟖𝟖, 𝑑𝑓 = 4, 𝑝 = 𝟎. 𝟎𝟎𝟏 < 𝟎. 𝟎𝟓).
15.6% <5
Test execution: (𝜒 2 = 𝟏𝟖. 𝟔𝟖𝟏 > 𝟏𝟔. 𝟗𝟏𝟗, 𝑑𝑓 = 6, 𝑝 = 𝟎. 𝟎𝟑𝟑 < 𝟎. 𝟎𝟓). 17.5%
<5
Test result analysis: (𝜒 2 = 𝟔. 𝟓𝟗𝟏 > 𝟓. 𝟗𝟗𝟏, 𝑑𝑓 = 2, 𝑝 = 𝟎. 𝟎𝟐 < 𝟎. 𝟎𝟓). 25% <5
Test resources: (𝜒 2 = 16.204 < 16.919, 𝑑𝑓 = 6, 𝑝 = 𝟎. 𝟎𝟒𝟕 < 0.05). 23.5% <5
Testing type: (𝜒 2 = 𝟏𝟖. 𝟖𝟖𝟎 > 𝟏𝟔. 𝟗𝟏𝟗, 𝑑𝑓 = 6, 𝑝 = 𝟎. 𝟎𝟐 < 0.05). 17.5% <5
It can be seen that all the software testing aspects have a great significance
relationship with test duration involved and have met the criteria required. In addition
each of the aspect has a minimum expected count greater than 1 (Refer Section 12.3.1.3
for results). Howbeit, test code, test result analysis and test resources had 21.2%, 25%
and 23.5% of cells that are less than 5. This does violate the Chi-square test rules but
since the percentage is not that high and is hence thought to be tolerable. In addition,
the significance value for this three categories was high (i.e. p = 0.04, 0.02 and 0.04).
Apart from this aspects, test resources had the Chi-square significance value less than
that of critical Chi-square value, but this was also taken into consideration due to the
reason that there is a high level of significance (i.e. p = 0.04) observed. The results of
Chi-square test were detailed in Section 12.3.1.3 in Appendix C.
In order to know the strength of the relationship in between these two variables,
Cramer’s V was calculated. To remind the reader regarding the strength of the
relationship between the variables kindly check Section 4.3.4. The Cramer’s V results
obtained for testing aspects are detailed in Table 29.

Table 29 Cramer's V results for testing aspects with respect to experience
Testing aspects
Test planning
Test case design
Test code
Testing Phase
Testing technique
Test execution
Test result analysis
Test resources
Testing type

Cramer’s V Value
0.402
0.513
0.352
0.356
0.585
0.503
0.419
0.407
0.396

Strength of relationship
Relatively Strong association
Relatively Strong association
Moderate association
Moderate association
Relatively Strong association
Relatively Strong association
Relatively Strong association
Relatively Strong association
Moderate association

From Table 29, it is clear that most of the testing aspects had relatively strong
association with testing experience of respondents and thereby can conclude that the
results obtained from experienced respondents are trustworthy.
Moreover, Table 30 depicts the contingency tables in order to find out the
relationship between the test aspects and respondents time duration involved in testing.
In case if the reader thinks that there is not a significant relationship in between the time
duration involved in testing and the testing aspects since there are violations of chisquare test, then the reader can study the relationships indicated in Table 30. The
percentage in the table indicates about the number of respondents based on percentage
who categorized the testing aspects as important.

Table 30 Contingency table between the time duration of the respondents
involved in testing and testing aspect importance
Time
duration
Involved

Test
planning

Test
case
design

Test
code

Test
Phase

Test
technique

Test
execution

Test
result
analysis

Test
resources

Test
type
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1-2
years
35
years
More
than 5
Years

21.1%

26.0%

22.4%

24.0%

21.3%

36.1%

24.0%

23.0%

24.4%

25.0%

22.0%

26.5%

26.0%

25.0%

33.3%

24.0%

25.0%

26.5%

53.8%

51.8%

51.0%

50.0%

53.8%

30.5%

51.8%

51.9%

53.0%

Since, most of the aspects have very negligible difference in importance, so it is
very hard to pin point the most important aspect in context of Knowledge Management
in relation with time duration involved in testing. Due to this, standard deviation along
with mean ranks are calculated to depict the importance.
The levels of Importance provided were Very Important (4), Important (3),
Moderate (2), Not Important (1). Based on the responses that were obtained with respect
to each level, analysis was done to identify the level of importance (on level basis) of
KM importance in each of the testing aspects with respect to respondents time duration
involved in software testing. The values are as detailed in Table 31.

Table 31 Standard deviation and Mean ranks of Software testing aspects
in relation with its Importance
Testing Aspects

N

Min

Max

Mean

Std.

rank

Deviation

Test Planning

54

2

4

5.97

.529

Test case design

54

3

4

6.27

.392

Test code

54

2

4

3.50

.508

Testing phase

54

1

4

3.60

.572

Testing technique

54

1

4

5.77

.677

Test Execution

54

1

4

3.16

.935

Result Analysis

54

3

4

6.37

.376

Test Resources

54

1

4

5.55

.630

Testing type

54

1

4

4.81

.714

Valid N (list wise)

54

By checking the mean rank values, it is clear from the Table 31 that Test result
analysis stands out as the most important aspect of software testing followed by Test
case design, Test planning, Testing technique, Test resources, Testing type, Test phase,
Test code and Test execution while KM is applied.
Discussion:
As mentioned in the literature review, Knowledge management plays a key role
during test planning, the design of the test cases, testing technique selection, test
execution [5][12], the current study found the additional testing aspects along with its
importance in the context of Knowledge management. One interesting finding is that
test result analysis stood out as the most important aspect of knowledge management
than any. Another important finding was that KM plays a crucial role in test resources
usage, testing type application as well. These results further support the idea of De souza
[5] . Surprisingly, test execution was found as the least important aspect of testing
aspects which is contradictory to the results obtained from De Souza [5]. A possible
explanation for this was conveyed by 4 respondents with more than 5 years of
experience in the survey that,
"As far as industry is concerned, there is not any need of undertaking KM practices
during test execution. As in test planning itself, testers are fixed on implementing tests
either manual or automated based upon which tests are designed and this is where
usage of KM comes into existence i.e. during test design ".
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7.3

Identified Software testing techniques which has
more involvement of Knowledge Management
In order to identify the software testing techniques that have more involvement of
knowledge management or those that benefit from the KM application, the techniques
identified through literature were provided to the respondents for grading. Testing
techniques were classified and categorized into test design, test execution and test result
analysis techniques. Sections 7.3.1, 7.3.2, 7.3.3 provides details about various test
design, test execution and test result analysis techniques and the responses obtained
from the respondents.

7.3.1

Importance of Knowledge Management in Test Design
techniques

To recognize the level of importance of knowledge management in each of the
software test design techniques that are identified through literature, the following
questions were asked in the survey that requested the respondents to mention the level
of significance of knowledge management in each of the test design techniques. The
responses received were analyzed and the perspective of respondents is indicated in the
form of heat maps. From the heat map, strong suit of importance is shown with the aid
of dark color and those that of lower importance is shown in light color. Heat map for
the level of importance of knowledge management in each of the software test design
technique is shown in Table 32.

Table 32 Importance of Knowledge Management in test design techniques

From the heat maps it is clear that Boundary value analysis, Condition coverage,
Decision coverage, Equivalence partitioning, State-transition testing, Pair wise testing,
random testing, statement coverage testing, use case testing are categorized as the most
important ones that get benefited from the application of KM practices. Mutation
testing, Cause-effect graphing was categorized as moderate by most of the respondents.
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Inspection, Informal reviews, walkthroughs and technical reviews are being categorized
as the techniques that has lower importance of KM. In order to check the results in
relation with the test expert level of respondents, chi-square test of significance was
done which will be dealt in Section 7.3.1.1.
Chi-Square and Cramer’s V to test the relationship in between the test expert
level and test case design techniques.
The author investigates the responses obtained to depict if there is any relationship
between the importance of KM (Variable 1) on one side and test expert level in test case
design (Variable 2) on the other side.
Table 26 in Section 7.1 details that around more than quarter of respondents (15 i.e.
28%) stated themselves as having very high expert level in test case design, 20
respondents (37%) have identified themselves as having high expert level and 18
respondents have chosen their test expert level as moderate (33%). There could be a
significant relationship between the test expert level of respondents’ and the importance
of KM in test case design techniques (alternative hypothesis H1). Chi-square test of
significance was done and the results revealed that alternate hypothesis (H1) was
accepted. Thus, the null hypothesis (H0) was rejected stating that there is a significant
relationship in between the test expert level and importance of KM listed in test case
design techniques.
Reason for accepting the hypothesis (H1):
Chi-square test was calculated along with df, p and the values obtained are as
follows.
Boundary Value analysis: (𝜒 2 = 36.755 > 12.592, 𝑑𝑓 = 6, 𝑝 = 0.0001 < 0.05).
18.6% <5
Condition Coverage: (𝜒 2 = 52.501 > 12.592, 𝑑𝑓 = 6, 𝑝 = 0.0001 < 0.05).
14.2% <5
Decision coverage: (𝜒 2 = 50.047 > 12.592, 𝑑𝑓 = 6, 𝑝 = 0.0001 < 0.05). 12.3%
<5
Data flow testing: (𝜒 2 = 61.723 > 12.592, 𝑑𝑓 = 6, 𝑝 = 0.0001 < 0.05). 4.0%
<5
Cause Effect Graphing: (𝜒 2 = 71.301 > 12.592, 𝑑𝑓 = 6, 𝑝 = 0.0001 < 0.05).
16.7% <5
Inspection: (𝜒 2 = 52.067 > 12.592, 𝑑𝑓 = 6, 𝑝 = 0.0001 < 0.05). 18.3% <5
Equivalence Partitioning: (𝜒 2 = 46.741 > 12.592, 𝑑𝑓 = 6, 𝑝 = 0.0001 < 0.05).
18.3% <5
Loop Testing: (𝜒 2 = 63.439 > 15.507, 𝑑𝑓 = 8, 𝑝 = 0.0001 < 0.05). 16.7% <5
Mutation Testing: (𝜒 2 = 12.656 < 12.592, 𝑑𝑓 = 6, 𝑝 = 0.04 < 0.05). 24.2% <5
State Transition Testing: (𝜒 2 = 34.880 > 15.507, 𝑑𝑓 = 8, 𝑝 = 0.001 < 0.05).
15.9% <5
Pair Wise Testing: (𝜒 2 = 26.508 > 9.488, 𝑑𝑓 = 4, 𝑝 = 0.001 < 0.05). 17.5% <5
Path testing: (𝜒 2 = 50.487 > 15.507, 𝑑𝑓 = 8, 𝑝 = 0.0001 < 0.05). 13.3% <5
Random testing: (𝜒 2 = 28.727 > 15.507, 𝑑𝑓 = 8, 𝑝 = 0.0001 < 0.05). 10.1%
<5
Statement Coverage: (𝜒 2 = 47.812 > 15.507, 𝑑𝑓 = 8, 𝑝 = 0.0001 < 0.05).
13.3% <5
Use-Case testing: (𝜒 2 = 34.228 > 12.592, 𝑑𝑓 = 6 𝑝 = 0.0001 < 0.05). 15.1%
<5
Control Flow Testing: (𝜒 2 = 55.264 > 12.592, 𝑑𝑓 = 6, 𝑝 = 0.0001 < 0.05).
18.3% <5
Model Based testing: (𝜒 2 = 90.619 > 12.592, 𝑑𝑓 = 6, 𝑝 = 0.0001 < 0.05).
23.3% <5
Informal Reviews: (𝜒 2 = 58.554 > 12.592, 𝑑𝑓 = 6, 𝑝 = 0.0001 < 0.05).22.7%
<5

7.3.1.1
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Walkthroughs: (𝜒 2 = 24.740 > 9.488, 𝑑𝑓 = 4, 𝑝 = 0.0001 < 0.05). 16.7% <5
Technical reviews: (𝜒 2 = 29.636 > 12.592, 𝑑𝑓 = 6, 𝑝 = 0.0001 < 0.05). 17.5%
<5
LCSAJ testing: (𝜒 2 = 65.448 > 15.507, 𝑑𝑓 = 8, 𝑝 = 0.0001 < 0.05). 7.3% <5
It can be observed that all the test design techniques have a great significance
relationship with the test case design expert level of the respondents. In addition, the
minimum expected count is greater than 1 for each of the technique (Refer Section
12.3.2 for results). There are still some exceptions from the results that mutation testing,
model-based testing, informal reviews have not met the Chi-square acceptance criteria
i.e. mutation testing has 24.2 % of cells less than 5 followed by model based testing
with 23.3 % and Informal reviews with 22.7%. This does violates the Chi-square test of
Significance criteria, since the percentage is not that high, it is thus felt to be tolerable.
In addition to this, the significance value along with the Chi-square value for this three
techniques was very high (i.e. p= 0.04, 0.0001, 0.0001) which made us to get into
conclusion in accepting the alternate hypothesis. The entire results of the chi-square test
were detailed in Section 12.3.2 in Appendix C.
To know the strength of the relationship between these two variables, Cramer's V
was calculated. Cramer's V results obtained for test case design techniques was detailed
in Table 33.

Table 33 Cramer's V results of test design techniques with respect to test
case design expert level of respondents
Testing techniques
Boundary Value analysis
Condition Coverage
Decision Coverage
Data flow testing
Cause-effect graphing
Inspections
Equivalence Partitioning
Loop testing
Mutation testing
State-transition testing
Pair-wise testing
Path testing
Random testing
Statement Coverage
Use-case testing
Control-flow testing
Model-based testing
Informal reviews
Walkthroughs
Technical reviews
LCSAJ testing

Cramer’s V Value
0.583
0.697
0.681
0.756
0.813
0.694
0.658
0.766
0.287
0.568
0.495
0.684
0.516
0.665
0.563
0.715
0.762
0.736
0.479
0.524
0.778

Strength of relationship
Relatively Strong association
Strong association
Strong association
Strong association
Very Strong association
Strong association
Strong association
Strong association
Moderate association
Relatively Strong association
Relatively Strong association
Strong association
Relatively Strong association
Strong association
Relatively Strong association
Strong association
Strong association
Strong association
Relatively Strong association
Relatively Strong association
Strong association

From Table 33, it can be seen that most of the testing techniques stated have strong
association with test case expert level of respondents which stresses that there exists a
significant relationship in between the expert level of respondents (under test case
design category) and the answers provided.
In case if the reader thinks that alternate hypothesis H1 is rejected since that there
are violation under Chi-square test, reader can check Table 34 that depicts the
relationship between the test case design expert level of the respondents and the test
case design techniques that get benefited from the application of Knowledge
Management. The percentage in the contingency table indicates the percentage of
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respondents who have categorized it as “important” based on their test case design
expert level.

Table 34 Cross-tabulation between test design techniques importance and
test case design expert level of respondents
Test case design techniques
Boundary Value analysis
Condition Coverage
Decision Coverage
Data flow testing
Cause-Effect graphing
Inspection
Equivalence Partitioning
Loop testing
Mutation testing
State transition testing
Pair wise testing
Path testing
Random testing
Statement Coverage
Use case testing
Control flow testing
Model based testing
Informal reviews
Walkthroughs
Technical reviews
LCSAJ testing

Moderate (3)

High (4)

28.5%
29.8%
31.3%
17.9%
25.5%
100.0%
29.7%
20.0%
38.7%
23.8%
34.6%
24.3%
25.5%
26.6%
32.6%
28.2%
45.4%
100.0%
78.0%
83.0%
26.6%

40.8%
37.2%
39.2%
46.1%
41.8%
0.0%
38.2%
42.5%
48.3%
42.8%
36.6%
43.9%
42.5%
42.2%
36.7%
39.1%
36.3%
0.0%
22.0%
17.0%
37.7%

Very
High(5)
30.6%
29.4%
29.4%
35.8%
32.5%
0.0%
31.9%
37.5%
12.9%
33.3%
28.8%
31.7%
31.9%
31.1%
30.6%
32.6%
18.1%
0.0%
0.0%
0.0%
31.1%

Since, Table 34 portrays the distribution of votes between the respondents who
considered it as “Important” in relation with their test expert level, we cannot conclude
the important techniques only based on this table. Thus, we decided to perform mean
ranks and standard deviation for these values.
Five point Likert scale (Very Important (5), Important (4), Not very Important (3),
Not Important (2), don’t know (1)) was provided to depict the importance based on the
respondents perspective. Based on the responses that were obtained with respect to each
level, analysis was done to identify the level of importance (on level basis) of KM in
each individual test design techniques with respect to respondents test expert level under
test case design. Table 35 points out the mean ranks and standard deviation results that
were obtained.

Table 35 Standard deviation and Mean ranks of Software test design
techniques in relation with its Importance
Testing Techniques

N

Min

Max

Mean

Std.

ranks

Deviation

Boundary Value Analysis

54

2

5

13.86

.771

Condition Coverage

54

2

5

13.58

.634

Decision Coverage

54

2

5

13.56

.720

Data Flow testing

54

2

5

12.09

.991

Cause- Effect Graphing

54

2

5

10.69

.868

Inspection

54

2

5

5.66

.890

Equivalence Partitioning

54

2

5

12.81

.971
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Loop Testing

54

1

5

11.12

1.280

Mutation Testing

54

2

5

9.07

.760

State transition testing

54

1

5

12.83

1.132

Pair Wise Testing

54

3

5

14.94

.529

Path Testing

54

1

5

11.40

1.228

Random Testing

54

1

5

14.01

1.005

Statement Coverage

54

2

5

13.05

.811

Use Case testing

54

2

5

14.25

.769

Control Flow Testing

54

2

5

12.74

.869

Model-Based Testing

54

2

5

9.69

.940

Informal Reviews

54

2

5

6.19

.873

Walkthroughs

54

2

4

4.29

.677

Technical Reviews

54

2

5

4.51

.740

LCSAJ Testing

54

1

5

10.66

1.069

Valid N (list wise)

54

Based on the mean rank values, see Table 35, it is clear that Pair wise testing, Use
case testing, Random testing, Boundary value analysis, Condition coverage stands out
as the test design techniques that receive more attention when KM is applied.
Discussions:
As mentioned in the literature, testing techniques is categorized as one among the
aspects that receive more attention while KM is applied [5]. As per our convenience,
testing techniques are segregated as test design, test execution and test result analysis
techniques. In reviewing the literature, no data was found which dealt about the
importance of KM in test design techniques. Prior studies that have noted the
importance of KM in test design technique was dealt in Section 6.3.2 i.e. just model
based testing was explained as the one which receives more attention while KM is
applied. Thus the present study was designed to determine the KM importance in
additional test design techniques.
The most important finding is that Pair wise testing, Use case testing, Random
testing, Boundary value analysis, Condition coverage etc. were considered as the test
design techniques that receive the most attention while KM is applied. What is
surprising is that model-based testing is considered as important by very few survey
respondents and these result differ from Koznov et al. [105]. In addition to this, static
techniques such as Inspections, Informal reviews, Walkthroughs and Technical reviews
are being considered as the least important test design techniques (since most of the
respondents have mentioned these techniques as not important at all). Even though
some might still argue that in static techniques KM is important. A possible explanation
was provided by respondents for considering the static techniques as not important
i.e. “Static testing deals with testing of software manually or with certain tools but
they are not executed. In addition, dependency is not required while implementing static
testing techniques”
It is worth to be noted that whenever dependency is needed, KM is required [114]
and this might be a possible reason for the respondents on choosing KM is not essential
for static testing techniques.

7.3.2

Importance of Knowledge Management in Test Execution
techniques

From the testing process explained in Section 2.1.2, it is clear that test cases are
designed based on the test objectives and during test execution these test cases are
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executed simultaneously. Apart from the test design techniques mentioned in 6.3.3, test
execution techniques as suggested by Rex[107] Ashfaq [45] and Irina [109] are taken
into account in the survey. To recognize the level of importance of KM during test
execution, the respondents were asked to grade the level of significance of knowledge
management in each of the test execution techniques. The responses received were
analyzed and the perspective of respondents is indicated in the form of heat maps. From
the mentioned heat map, strong suit of importance is shown with the aid of dark color
and those that of lower importance is shown in light color. Heat map for the level of
importance of knowledge management in each of the software test execution technique
is shown in Table 36.

Table 36 Importance of Knowledge Management in test execution
techniques

From the heat maps it is clear that Error-guessing, Exploratory, ad-hoc and Negative
testing are categorized as the most important ones that get benefited from the application
of KM practices. Moreover Fuzz testing was categorized as the techniques that has
Moderate importance of KM. In order to check the results in relation with the test expert
level of respondents, chi-square test of significance was done which will be dealt in
Section 7.3.2.1.
7.3.2.1

Chi-Square to test the relationship in between the test expert level and test
execution techniques
The author investigates to find out if there is any significant relationship in between
test execution expert level of respondents on one side (Variable 1) and importance of
KM in test execution techniques (Variable 2) on the other side.
Table 26 in Section 7.1 shows that 40% (22) of the respondents are having high
expert level in test execution followed by 34% (18) with moderate level and 18% (10)
with very high expert level. There might be a significant relationship between the test
expert level of respondents and test execution techniques that are listed as important
with respect to KM (alternate hypothesis H1). Based on Chi-square test of significance,
the results revealed that there is no relation in between test expert level of respondents
and test execution techniques importance (Null hypothesis H0).
It is worth mentioning that 4 respondents have pointed their test expert level under
test execution as Low. To reduce the number of cells that expects a count less than 5,
these 4 respondents were merged with moderate category, yet there is not a significant
relationship found in between test expert level and test execution techniques importance
in relation with KM.
Reason:
Chi-square along with df and p values are calculated and are as follows:
Exploratory testing: (𝜒 2 = 36.818 > 12.592, 𝑑𝑓 = 6, 𝑝 = 0.0001 < 0.05).
58.3% <5
Error-Guessing testing: (𝜒 2 = 24.905 > 9.488, 𝑑𝑓 = 4, 𝑝 = 0.0001 < 0.05).
66.7% <5
Ad-hoc testing: (𝜒 2 = 15.709 > 5.991, 𝑑𝑓 = 2, 𝑝 = 0.001 < 0.05). 50.0% <5
Negative testing: (𝜒 2 = 31.699 > 12.592, 𝑑𝑓 = 6, 𝑝 = 0.0001 < 0.05). 58.3%
<5
72

Fuzz testing: (𝜒 2 = 47.285 > 15.507, 𝑑𝑓 = 8, 𝑝 = 0.001 < 0.05). 66.7% <5
There still seems to be a significant relationship between both the variables since
the chi-square and p value have satisfied the criteria, but there are violations that make
the results invalid such as more than 20% of the cells have expected a count less than 5
and all of the cells have the values less than one (Refer Section 12.3.3 for results).
Thereby, these violations negate the conditions of Chi-square test and thus null
hypothesis is acknowledged. The entire Chi-Square test results have been detailed in
Section 12.3.3 in Appendix C.
Since there is not a significant relationship in between the population parameters,
the Friedman test was conducted to get the importance of KM in test execution
techniques by calculating the mean ranks. Based on the responses received for each
Importance level, analysis was performed so as to obtain the importance of each
individual test execution technique that utilize KM and is in need of it. Outcomes of
Friedman test for each of the test execution techniques with respect to its level of
importance in context of KM was provided in Table 37

Table 37 Friedman Test for test execution techniques and its Importance in the
context of Knowledge Management
Test execution

N

Mean

technique

Std.

Min

Max

Dev

Percentiles
50th-

25th

75th

Median
Exploratory testing

54

4.35

.955

2

5

4.00

5.00

5.00

Error Guessing

54

4.72

.529

3

5

4.75

5.00

5.00

Ad Hoc Testing

54

4.83

.376

4

5

5.00

5.00

5.00

Negative Testing

54

4.46

.926

1

5

4.00

5.00

5.00

Fuzz Testing

54

3.96

.990

1

5

4.00

4.00

5.00

Mean Ranks
Testing Technique

Mean Rank

Exploratory testing

2.89

Error- Guessing testing

3.29

Ad-Hoc Testing

3.55

Negative testing

3.06

Fuzz testing

2.22

Test Statisticsa (a. Friedman Test)
N

54

Chi-Square

39.188

df

4

Asymp. Sig

0.0001

Friedman test was executed by ascertaining the Chi-square test, standard deviation,
mean and assumption significance. Taking values into the account, mean rank for each
of the test execution technique was calculated. The main motive behind conducting
Friedman test was to identify the variance in the test execution techniques with respect
to its importance. Based on the results, it can observed that there is variance, For
example: Fuzz testing has obtained a mean rank of 2.22, Exploratory testing with a
mean rank of 2.89, Negative testing with a mean rank of 3.06 and so-on.
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Discussion:
With respect to test execution techniques, it was found that exploratory testing, Adhoc testing techniques [52] get benefited from the application of KM. One interesting
finding through the survey is Error-guessing testing, Negative and Fuzz testing also gets
benefited in addition to the techniques that are obtained from the literature. Surprisingly,
error-guessing and Negative testing are being found as the most important test execution
techniques when compared to exploratory testing, with respect to KM. In addition, Adhoc testing stands out as the most important amongst all the listed test execution
techniques, these results further support the idea of Beer and Ramler [52]. A possible
explanation was provided by respondents that,
"Testing techniques without referring test case design and are executed based on
the Knowledge, experience and intuition level of tester, in such cases KM plays a crucial
role".
It can thus be suggested that KM plays a beneficial role in test execution techniques
where the test cases are not being designed and are executed.

7.3.3

Importance of Knowledge Management in Test result analysis
techniques

To obtain the importance of knowledge management in test result analysis
techniques, techniques obtained from literature were being provided to the respondents
to categorize the level of significance ranging from Very Important to Not Important.
Responses obtained were analyzed and are provided in the form of heat maps. From the
heat map provided below, strong suit of importance is shown with the aid of dark color
and those that of lower importance is shown in light color. Heat map for the level of
importance of knowledge management in each of the software test result analysis
techniques is shown in Table 38.

Table 38 Importance of Knowledge Management in Test result analysis
Techniques

From Table 38, it is clear that Fault-tree analysis, Cause-effect analysis (fishbone
diagram), Root cause analysis and Failure mode and effect analysis (FMEA) are the
techniques that got more significance from the perspective of Knowledge Management.
Pareto analysis was categorized as the technique that has moderate importance of
Knowledge Management. For checking the results in relation with the test expert level
of the respondents, Chi-square test of significance was done which will be dealt in
Section 7.3.3.1.
Chi-square significance and Cramer’s V to test the relationship between test
expert level and test result analysis techniques with respect to KM
The relationship is being calculated in between test result analysis expert level of
respondents (Variable 1) on one side and the importance of techniques answered
(Variable 2) with respect to KM on the other side.
The null hypothesis (H0) indicates that there is not a significant relationship in
between test expert level of respondents and importance of test result analysis
techniques, Alternate hypothesis (H1) indicates that there is a significant relationship in

7.3.3.1

74

between both the variables. Table 26 in Section 7.1 provides details about the number
of respondents who identified there expertise under test result analysis. 22 (40%)
respondents have identified there expertise as Very high followed by 15 (28%)
respondents with moderate level and 14 (26%) respondents with high level. Since there
is 1 respondent with novice level and 2 respondents with low level, they were merged
into moderate category based on the fact that chi-square test requires at the most 20%
of the cells that have predicted value less than 5.
After running the chi-square test, the results revealed that there is a significant
relationship in between both the variables that are considered and thus null hypothesis
(H0) is rejected.
Reason:
Fault-tree analysis:
(𝜒 2 = 51.429 > 12.592, 𝑑𝑓 = 6, 𝑝 = 0.0001 < 0.05).
15.0% <5
Pareto analysis: (𝜒 2 = 82.286 > 15.507, 𝑑𝑓 = 8, 𝑝 = 0.0001 < 0.05). 13.3% <5
Cause-effect analysis: (𝜒 2 = 34.449 > 12.592, 𝑑𝑓 = 6, 𝑝 = 0.0001 < 0.05).
15.0% <5
Root-cause analysis: (𝜒 2 = 42.725 > 12.592, 𝑑𝑓 = 6, 𝑝 = 0.0001 < 0.05).
10.0% <5
Failure mode and effect analysis: (𝜒 2 = 64.000 > 12.592, 𝑑𝑓 = 6, 𝑝 = 0.0001 <
0.05). 18.3 % <5
From the results, it is clear that each of the test result analysis techniques have met
the criteria and also all cells have a minimum expected count greater than 1 (Refer
Section 12.3.4 for results), thus can conclude that there is a significant relation between
both the variables. To get the strength of the relationship, Cramer’s V was calculated
and the results are detailed in Table 39.

Table 39 Cramer's V results of test result analysis techniques with respect
to test expert level of respondents
Test result analysis techniques
Fault-tree analysis
Pareto analysis
Cause-effect analysis
Root-cause analysis
Failure mode and effect analysis

Cramer’s V
Value
0.690
0.873
0.565
0.629
0.770

Strength of relationship
Strong association
Very Strong association
Relatively Strong association
Strong association
Strong association

From Table 39, it is clear that most the test result analysis techniques have a strong
association with the test expert level of respondents whereas Cause-effect analysis has
a relatively strong association. Thereby it is clear that there is a significant relationship
in between both the variables. Results of Chi-square and Cramer’s V are presented in
Section 12.3.4 in Appendix C
To find out the relationship between both the variables, contingency table is detailed
in Table 40. The percentage in the table indicates the percentage of respondents who
have indicated test result analysis techniques as important with respect to the test result
analysis expert level.

Table 40 Contingency table between importance of test result analysis
techniques and test result analysis expert level of respondents
Test result analysis techniques
Fault-tree analysis
Pareto analysis
Cause-effect analysis
Root cause analysis
Failure mode and effect analysis

Moderate (3)
23.9%
12.1%
18.1%
31.3%
15.3%

High (4)
30.4%
27.2%
31.8%
25.4%
23.0%

Very High (5)
45.6%
60.6%
50.0%
43.1%
61.5%
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Table 40 entails the distribution of votes between the respondents who considered
test result analysis techniques as just “Important” leaving aside other categories such as
moderate and not important, thereby we cannot conclude the important test result
analysis techniques only based on this table. Thus mean rank and standard deviation are
calculated to find out the importance.
Five point scale such as Very Important (5), Important (4), Not very Important (3),
Not Important (2), don’t know (1) was provided to get the perspective of Importance of
KM in test result analysis techniques. Based upon the obtained responses, analysis was
done to find out the levels of Importance of each individual technique with respect to
KM in relation with the test expert level of respondent and the values are detailed in
Table 41.

Table 41 Mean ranks and Standard deviation of Test result analysis
techniques with respect to test expert level of respondents
Test result analysis techniques

N

Min

Max

Mean

Std.

Ranks

Dev

Fault tree analysis

54

2

5

3.13

.685

Pareto analysis

54

1

5

2.61

1.192

Cause Effect analysis

54

1

5

3.31

.752

Root cause analysis

54

2

5

3.18

.740

Failure mode and effect analysis

54

1

5

2.78

.952

Valid N (listwise)

54

Based on the mean ranks, it is clear that Cause-effect analysis stands out as the test
result analysis techniques that has more involvement and get benefited from the usage
of KM followed by Root cause analysis, Fault tree analysis, failure mode and effect
analysis and Pareto analysis.
Discussions:
In reviewing the literature, no data was found on the association between test result
analysis techniques and its importance in the context of KM. The survey results
indicated that Test result analysis stands out as the most important aspect in the context
of KM. It is important to note that all the test result analysis techniques (on average)
have been classified as the most important in relation with KM. It could be argued that
the positive results were due to the sophisticated nature of test result analysis and its
implementation in industry. These findings have important implications that KM
practices are to be implemented during the application of Test result analysis techniques
and attain the benefits that KM provides.

7.4

Identified techniques where tacit or explicit
knowledge is required
Respondents were provided with the test design, test result analysis and test
execution techniques and were asked to specify the knowledge that these techniques
require. The primary reason behind raising this question is to provide information for
the organizations to be aware, capture and store the tacit knowledge for the one that
requires tacit knowledge and is in need or gets benefited upon the usage of KM
practices.

7.4.1

Test design techniques and the knowledge that it requires

In order to find out the knowledge (tacit or explicit or both) that needs to be captured
by particular test design techniques, the respondents were asked to provide their
perspective in each of the test design technique. Answers obtained were analyzed and
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are depicted in the form of heat maps. From the heat map provided below, strongest suit
of each technique with respect to the knowledge that it utilizes can be seen i.e. strongest
agreement is shown with the aid of dark color and those that are of lowest agreement
are shown with the aid of light color. Heat map for test design techniques and the
knowledge that it utilizes is shown in Table 42.

Table 42 Knowledge that is required while performing test design
techniques

From Table 42, it is clear that tacit knowledge was being pointed by most of the
respondents on techniques such as boundary value analysis, condition coverage,
decision coverage, cause-effect graphing, state-transition testing, pair-wise testing, path
testing, random testing, statement coverage, use-case and LCSAJ testing. In addition
techniques such as data-flow, inspection, equivalence partitioning, loop-testing,
Control-flow, Model-based, walkthroughs, technical reviews have been chosen more
on explicit knowledge that it requires. Mutation testing was being categorized as
explicit and both (tacit and explicit) by most of the respondents. In order to check the
results in relation with the test expert level of the respondents, Chi-square test of
significance was done which will be dealt in Section 7.4.1.1
7.4.1.1

Chi-square test of significance to test the relationship in between knowledge
that the techniques require and test expert level in test design of the
respondents
The author investigates the responses obtained for this question so as to identify if
there is any relationship in between knowledge that the test design techniques require
on one side and the test expert level under test case design on the other side. To remind
the reader Table 26 in Section 7.1 details about the test expert level of respondents under
test case design.
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It can be observed that 20 (37%) respondents have identified there expertise under
test case design as High followed by 18 (33%) with moderate level and 15 (28%) with
Very High level. The null hypothesis (H0) indicates that there is no significant
relationship between test expert level and the knowledge that the test design techniques
utilize and alternate hypothesis (H1) indicates that there is a significant relationship in
between both the variables.
Since, Chi square test requires at the most 20% of the cells that have predicted a
value less than 5, 1 respondent who have identified themselves as low have been merged
with moderate level respondents, the reason for selecting that 1 single respondent is to
identify if there exists any difference between experienced respondents and inexperienced respondents, yet the results revealed that there is no significant relationship
between both the variables and thus null hypothesis (H0) is accepted. Reason for the
acceptance are as follows:
Reason:
Boundary Value analysis (𝜒 2 = 2.063 < 9.488, 𝑑𝑓 = 4, 𝑝 = 0.210 > 0.05).
75.0% <5
Condition Coverage: (𝜒 2 = 5.054 < 9.488, 𝑑𝑓 = 4, 𝑝 = 0.89 > 0.05). 62.5% <5
Decision coverage: (𝜒 2 = 4.769 < 9.488, 𝑑𝑓 = 4, 𝑝 = 0.97 > 0.05). 62.5% <5
Data flow testing: (𝜒 2 = 8.834 < 9.488, 𝑑𝑓 = 4, 𝑝 = 0.364 > 0.05). 81.2% <5
Cause Effect Graphing: (𝜒 2 = 1.530 < 9.488, 𝑑𝑓 = 4, 𝑝 = 0.241 > 0.05). 81.2%
<5
Inspection: (𝜒 2 = 4.208 < 9.488, 𝑑𝑓 = 4, 𝑝 = 0.115 > 0.05). 75.0% <5
Equivalence Partitioning: (𝜒 2 = 9.412 < 9.488, 𝑑𝑓 = 4, 𝑝 = 0.400 > 0.05).
68.8% <5
Loop Testing: (𝜒 2 = 6.742 < 12.592, 𝑑𝑓 = 6, 𝑝 = 0.97 > 0.05). 62.5% <5
Mutation Testing: (𝜒 2 = 4.238 < 9.488, 𝑑𝑓 = 4, 𝑝 = 0.331 > 0.05). 68.8% <5
State Transition Testing: (𝜒 2 = 4.373 < 12.592, 𝑑𝑓 = 6, 𝑝 = 0.278 > 0.05).
80.0% <5
Pair Wise Testing: (𝜒 2 = 8.682 < 9.488, 𝑑𝑓 = 4, 𝑝 = 0.192 > 0.05). 66.7% <5
Path testing: (𝜒 2 = 11.354 < 12.592, 𝑑𝑓 = 6, 𝑝 = 0.45 > 0.05). 85.0% <5
Random testing: (𝜒 2 = 2.544 < 9.488, 𝑑𝑓 = 4, 𝑝 = 0.403 > 0.05). 80.0% <5
Statement Coverage: (𝜒 2 = 3.757 < 9.488, 𝑑𝑓 = 4, 𝑝 = 0.293 > 0.05). 75.0%
<5
Use-Case testing: (𝜒 2 = 8.003 < 9.488, 𝑑𝑓 = 4, 𝑝 = 0.534 > 0.05). 75.0% <5
Control Flow Testing: (𝜒 2 = 5.218 < 9.488, 𝑑𝑓 = 4, 𝑝 = 0.085 > 0.05). 75.0%
<5
Model Based testing: (𝜒 2 = 4.227 < 9.488, 𝑑𝑓 = 4, 𝑝 = 0.114 > 0.05). 81.2%
<5
Informal Reviews: (𝜒 2 = 8.628 < 9.488, 𝑑𝑓 = 4, 𝑝 = 0.472 > 0.05). 75.0% <5
Walkthroughs: (𝜒 2 = 5.099 < 9.488, 𝑑𝑓 = 4, 𝑝 = 0.531 > 0.05). 66.7% <5
Technical reviews: (𝜒 2 = 8.518 < 9.488, 𝑑𝑓 = 4, 𝑝 = 0.483 > 0.05). 75.0% <5
LCSAJ testing: (𝜒 2 = 17.838 > 12.592, 𝑑𝑓 = 6, 𝑝 = 0.006 > 0.05). 80.0% <5
It can be observed that each of the technique has not satisfied the chi-square test of
significance criteria i.e. Chi-square value is lower than required, p value and the
percentage of cells is higher than that of required. Apart from that all the cells have a
minimum expected count value less than 1. In addition, it can also be observed that
LCSAJ testing have satisfied the chi-square value i.e. the value is greater than that of
Critical, but p value and the percentage of cells is higher than that of required and thus
is rejected.
Since there is no significant relationship in between both the variables, Friedman
test was calculated to depict the knowledge that each of the test design technique
requires. The respondents were provided with the test design techniques and are asked
to categorize them based on the knowledge that it requires. Options provided to the
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respondents are Tacit knowledge (4), Explicit knowledge (3), both i.e. Tacit and
Explicit (2), and don’t know (1). Based upon the responses, analysis was conducted for
the test design techniques with regards to the knowledge that it requires. The Friedman
test for the test design techniques is provided in Table 43

Table 43 Friedman test for test design techniques for categorization of
techniques based on the knowledge it utilizes
N

Mean

Std.

Min

Max

Percentiles

Mean

Dev

Rank
25th

th

50 -

75th

Median
Boundary value

54

3.63

.734

2

54

3.70

.662

2

54

3.83

.466

2

54

2.83

.637

2

4

4.00

4.00

4.00

14.06

4.00

4.00

4.00

14.18

4.00

4.00

4.00

15.63

2.00

3.00

3.00

7.00

2.75

4.00

4.00

13.11

3.00

3.00

3.00

7.30

2.00

3.00

3.00

6.69

2.75

3.00

3.00

6.65

2.00

2.00

3.00

5.47

3.00

4.00

4.00

14.68

4.00

4.00

4.00

14.94

2.75

4.00

4.00

12.68

3.75

4.00

4.00

13.70

4.00

4.00

4.00

14.53

4.00

4.00

4.00

15.26

3.00

3.00

4.00

9.35

2.75

3.00

3.00

8.17

3.00

3.00

3.00

8.37

3.00

3.00

3.00

7.45

2.00

3.00

3.00

7.35

4.00

4.00

4.00

14.44

analysis
Condition

4

coverage
Decision

4

coverage
Data flow testing
Cause Effect

54

3.46

.862

2

54

2.93

.544

2

4
4

Graphing
Inspection
Equivalence

54

2.81

.585

2

54

2.81

.585

1

4
4

Partitioning
Loop Testing
Mutation testing
State transition

54

2.54

.605

4
4

2

54

3.70

.571

1

54

3.72

.564

2

4

testing
Pair Wise testing
Path testing
Random testing
Statement

54

3.37

54

3.56

.938
.816

4
4

1

4

2

54

3.67

.673

2

54

3.78

.572

2

4

coverage
Use case testing
Control flow

54

3.19

.617

2

54

2.98

.687

2

54

3.07

.264

3

4
4

testing
Model based

4

testing
Informal reviews
Walkthroughs
Technical

54

2.94

.529

4
4

2

54

2.89

.634

2

54

3.65

.781

1

4

reviews
LCSAJ Testing

Test Statistics
N

4
a

54

79

Chi-Square

465.415

df

20

Asymp. Sig,

0.00001

a. Friedman test

As can be seen that Friedman test was executed based on mean, standard deviation
in alliance to assumption significant. From the results, variance can be observed such
as decision coverage has obtained a mean rank of 15.63, Condition coverage has got a
mean rank of 14.18, and Equivalence partitioning has gotten a mean rank of 6.69, and
so on. In addition, techniques with mean rank less than 10.00 have been classified as
such it utilizes tacit and more than 10.00 have been considered to be explicit. From the
values, there is an inconsistency under the values gotten for Mutation testing. As
Experienced respondents referred mutation testing as such it utilizes both the
knowledge i.e. Tacit and explicit. It was thus finalized that both the knowledge comes
into existence for mutation testing.
Discussions:
Upon reviewing the literature, no data was found on the association (explicitly)
between testing techniques and the knowledge they utilize. The current study found the
various types of knowledge that is required for each of the individual test design
techniques to be applied in industry. What is surprising is that all the static techniques
such as Informal reviews, technical reviews, walkthroughs, Inspection were categorized
as such it utilizes explicit knowledge. In addition, these static techniques were also
being categorized as the techniques in which Knowledge Management is not essential.
These results support the idea of the concept of static testing techniques i.e. technical
reviews and inspections are being done through the means of documented support
without the aid of test cases and testers experience does not really add any beneficiary
to it [45] . These findings, while preliminary, suggest that KM does not come into
existence during the application of static testing techniques due to the support of prewritten documents during its execution where experienced knowledge is not that
essential.

7.4.2

Test execution techniques and the knowledge that it utilizes or
the knowledge that needs to be captured

The respondents were asked to provide their perspective in each of the test
execution technique with respect to the knowledge that these techniques utilize.
Respondents were provided with knowledge types such as tacit, explicit, both (Tacit
and explicit) and do not know. Based on the responses obtained, results are portrayed
in the form of heat maps. The heat maps with respect to the test execution technique
and the knowledge that it utilizes is provided in Table 44

Table 44 Knowledge that is required for test execution techniques

From Table 44, it is clear that tacit knowledge was being pointed by most of the
respondents in each of the techniques provided. To check the results in relation with the
test expert level of the respondents, Chi-square test of significance was done which will
be dealt in Section 7.4.2.1
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7.4.2.1

Chi-square test of significance for finding the relationship in between test
expert level under test execution and the knowledge that test execution
techniques utilize
In the same way, as executed earlier, the author investigates to find if there is any
relationship between test-expert level under test execution (variable 1) on one side and
the knowledge that the test execution techniques utilize (variable 2) on the other side.
For executing that, Chi-square test of significance was done. Table 26 in Section 7.1
deals with the test expert level of respondents under test execution, reader can refer to
it and can find the number of respondents being categorized themselves based on their
test expertise under test execution. Since there are 4 respondents who have indicate their
expertise as “Low”, these respondents were merged with moderate category keeping in
mind to meet the chi-square test conditions i.e. to reduce the number of cells that expects
a count less than 5, yet the results indicated that there is no significant relationship in
between both the variables and thus the null Hypothesis (H0) is accepted. Reasons for
accepting the null Hypothesis (H0) are as follows:
Reason:
Exploratory: (𝜒 2 = 5.917 < 9.488, 𝑑𝑓 = 4, 𝑝 = 0.205 > 0.05). 44.4% <5.
Error-Guessing: (𝜒 2 = 3.717 < 9.488, 𝑑𝑓 = 4, 𝑝 = 0.446 > 0.05). 66.7% <5.
Ad-Hoc: (𝜒 2 = 5.288 < 9.488, 𝑑𝑓 = 4, 𝑝 = 0.259 > 0.05). 66.7% <5.
Negative: (𝜒 2 = 5.365 < 9.488, 𝑑𝑓 = 4, 𝑝 = 0.252 > 0.05). 44.4% <5.
Fuzz: (𝜒 2 = 6.453 < 12.592, 𝑑𝑓 = 6, 𝑝 = 0.374 > 0.05). 75.0% <5.
It can be observed that the Chi-square results have not met the satisfied criteria and
more than 20% of the cells have expected count less than 5 and in addition all the cells
have a minimum expected count less than 1. Thus Chi-square results concluded to
accept the null Hypothesis (H0).
Since there is no significant relationship between both the variables, Friedman test
was conducted to find out the mean ranks with the help of mean, standard deviation
values along with the assumption significant. As can be seen from Table 44 that
respondents are provided to categorize the testing techniques based on the knowledge
that it utilizes. Categorization level such as Tacit (4), Explicit (3), both (2), don’t know
(1) are provided. Based on the responses, analysis was carried out and the Friedman test
for categorization of knowledge is provided in Table 45.

Table 45 Friedman test for test execution techniques and the knowledge it
requires
Test execution

N

Mean

technique

Std.

Min

Max

Dev

Percentiles
25th

50th-

75th

Median
Exploratory

54

3.46

.862

2

4

2.75

4.00

4.00

Error Guessing

54

3.67

.673

2

4

4.00

4.00

4.00

Ad Hoc Testing

54

3.67

.727

2

4

4.00

4.00

4.00

Negative

54

3.41

.880

2

4

2.00

4.00

4.00

54

3.26

.915

1

4

2.75

4.00

4.00

testing

Testing
Fuzz Testing

Mean Ranks
Testing Technique

Mean Rank

Exploratory testing

2.94

Error- Guessing testing

3.36

Ad-Hoc Testing

3.31

81

Negative testing

2.92

Fuzz testing

2.47

Test Statisticsa (a. Friedman Test)
N

54

Chi-Square

39.187

df

4

Asymp. Sig

.000

From Table 45, variance can be observed such as Error guessing has obtained a
mean rank of 3.36, Ad-hoc with a mean rank of 3.31. It can be observed that all the
techniques have been categorized as such it requires tacit knowledge for implementing
them.
Discussions:
In reviewing the literature, no data was found in the association between test
execution techniques and the knowledge it utilizes. The current study found that each
of the considered test execution technique require tacit knowledge. A possible
explanation for this might be that
“Experience and knowledge of the software tester does a crucial role during test
execution” [52]
Thus the chosen techniques that are experience based can conclude that tacit
knowledge plays a crucial role while implementing them. It is therefore likely that
implementing KM practices during these techniques could result in attaining essential
benefits that KM provides.

7.4.3

Test result analysis techniques and the knowledge that it utilizes
or the knowledge that needs to be captured

Respondents were provided with the knowledge types and are asked to provide their
perception in each of the test result analysis techniques. Answers obtained were
analyzed in the form of heat maps and are detailed in Table 46.

Table 46 Knowledge that is required for test result analysis techniques

It can be seen from Table 46 that, tacit knowledge was being pointed out by most
of the respondents for four techniques namely Fault tree analysis, Pareto analysis,
Cause-effect analysis, Root cause analysis. Failure mode and effect analysis lies in
between tacit and both. To check the relationship between the test expertise of
respondents under test result analysis and the knowledge that these techniques utilize,
Chi-Square test of significance was conducted which will be dealt in Section 7.4.3.1
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Chi-square and Cramer’s V to test the relationship between test expertise and
the knowledge that the test result analysis techniques utilize
Reader can refer to Table 26 in Section 7.1 which details about the number of
respondents who identified there expertise under test result analysis i.e. either from
Very Low to Very High. Since, there is 1 respondent with Very low level and 2 with
low level, they were merged to moderate category keeping in mind to satisfy the chisquare test criteria i.e. at the most 20% of the cells should have predicted a value less
than 5. Relationship is being checked in between test expertise of respondents under
test result analysis (Variable 1) on one side and knowledge that the test result analysis
techniques utilize (Variable 2). The result can fall into null Hypothesis (H0) which states
that there is no significant relationship between both the variables or alternate
hypothesis (H1) which states that there is a significant relationship between both the
variables.
Chi-square test was conducted and the results indicated that there is a significant
relationship in between both the variables and thus alternate hypothesis (H1) is accepted
and the reasons are as follows
Fault tree analysis: (𝜒 2 = 10.135 > 9.488, 𝑑𝑓 = 4, 𝑝 = 0.04 < 0.05). 15.6% <5.
Pareto analysis: (𝜒 2 = 16.744 > 12.592, 𝑑𝑓 = 6, 𝑝 = 0.03 < 0.05). 10% <5.
Cause effect analysis: (𝜒 2 = 17.046 > 12.592, 𝑑𝑓 = 6, 𝑝 = 0.03 < 0.05). 15.0%
<5.
Root cause analysis: (𝜒 2 = 10.253 > 9.488, 𝑑𝑓 = 4, 𝑝 = 0.04 < 0.05). 15.6%
<5.
Failure mode and effect analysis: (𝜒 2 = 13.052 > 12.592, 𝑑𝑓 = 6 𝑝 = 0.04 <
0.05). 10% <5.
It can be observed that each of the technique have satisfied the Chi-square
significance criteria. In addition, minimum expected count for each of the value is
greater than 1 (Refer Section 12.3.5). To identify the strength of the relationship,
Cramer’s V value was calculated and the results are detailed in Table 47

7.4.3.1

Table 47 Cramer's V between Test expertise of respondents under test
result analysis and the knowledge it utilizes
Test result analysis techniques
Fault-tree analysis
Pareto analysis
Cause-effect analysis
Root-cause analysis
Failure mode and effect analysis

Cramer’s V
Value
0.374
0.350
0.355
0.376
0.320

Strength of relationship
Moderate association
Moderate association
Moderate association
Moderate association
Moderate association

It can be observed from Table 47 that there is a moderate association in between
both the variables. Thus it can be indicated that there is a significant relationship in
between them. The complete results of Chi-square and Cramer’s V are detailed in
Section 12.3.5 in Appendix C
To find the relationship between both the variables, a contingency table was
formulated which points out the percentage of respondents who indicated the techniques
as such it utilizes tacit knowledge with respect to the respondents test expertise level.

Table 48 Contingency table between test expertise level and tacit
knowledge the test result analysis techniques require
Test result analysis techniques
Fault-tree analysis
Pareto analysis
Cause-effect analysis
Root cause analysis
Failure mode and effect analysis

Moderate (3)
9.5%
10.7%
21.05%
24.3%
77.2%

High (4)
34.3%
25.0%
26.3%
24.3%
13.6%

Very High (5)
56.2%
64.2%
52.6%
51.3%
9.0%
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It can thus be observed that Fault-tree analysis, Pareto-analysis, Cause-effect
analysis, Root-cause analysis were being categorized as such it utilizes tacit knowledge.
Whereas most of the moderate expertise respondents have categorized Failure mode
and effect analysis as that it utilizes tacit knowledge, but the most expertise respondents
under test result analysis (74.07%) have considered as such it requires both the tacit as
well as explicit. Taking the consideration of expert respondents, Failure mode and effect
analysis was thus categorized as such it utilizes both types of knowledge i.e. tacit and
explicit.
Mean values are not considered for this aspect due to the reason that they determine
what type of knowledge each specific technique requires unlike the case where
importance of each techniques is found out which was done in Section 7.3.2.
Discussions:
This study set out with the aim of assessing the knowledge that each test result
analysis technique utilizes. One interesting finding is that most of the test result analysis
techniques require tacit knowledge. These results are consistent with data obtained in
importance of testing aspects which outlined that test result analysis techniques stands
out as the most important aspect of KM.
It is an assumption therefore that KM plays a crucial role in the techniques that
utilize and the aspect that requires tacit knowledge. These relationships may partly be
explained by the fact that all the techniques that are being categorized as important are
being categorized as such they require tacit knowledge.

7.5

Identified challenges due to lack of Knowledge
Management in Software testing
Respondents were asked to choose the challenges that are subject to be faced due
to lack of KM in software testing. The challenges obtained from the literature were
provided to the respondents and were asked to provide their perception to mark the
challenges that are/will be faced due to lack of KM. An additional option was provided
to mention the challenges which were absent in the provided list.
Based on analyzing the responses, it was observed that Increase in cost and time(47
i.e. 85.5%), decreasing test effectiveness (47 i.e. 85.5%), was responded as the most
faced challenges due to lack of KM by most of the respondents followed by Poor sharing
environment for software testing knowledge (45 i.e. 81.8%), serious loss of software
testing knowledge (44 i.e. 80%), improper selection and application of better suited
technique and barriers in transferring software testing knowledge between the
practitioners (43 i.e. 78.2%), Less re-use of software testing knowledge (42 i.e. 76.4%),
Less support for decision making (41 i.e. 74.5%). Challenge such as Less exchange of
requirements knowledge and not using the fullest (9 i.e. 16.4%) were categorized by
very few members. The results obtained from the open-ended question were explained
in detail in Section 7.6. The challenges with respect to the percentage of the respondents
chosen was being provided in Figure 16
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Challenges due to lack of KM in Software testing
Percentage
48.14%

Lacking test technique skills
Determining whether or not the outputs are…

38.88%

Difficulties in achieveing test coverage…

31.48%
63.60%

Missing of high severity defect detection

74.50%

Less support for decision making
Testing knowledge is not properly…

72.22%

Unclear in identifying whether most crucial…
Less exhange requirements knowledge to…

60%
16.40%

Lacked practices for logging and tracking…

76%

Decrease in test effectiveness

85.50%

Increase in cost and time

85.50%

Improper selection and application of better…

Determining what to say when the testing is…

78.20%
43.60%

schedule and release information from the… 0.00%
Troubleshooting documentation was…
Documentation is not being updated

63.60%
38.20%

Determining whether adequate testing has…

66%
80%

Serious loss of Software Testing Knowledge
Difficulties in achieving most optimum…

55%

Poor sharing environment for software…

81.80%

Barriers in transferring software testing…

78.20%

Less re-use of software testing knowledge…

76.40%

Figure 16 Challenges due to lack of KM practices
Discussions:
Several studies have indicated various challenges that are faced due to lack of KM,
for example improper selection and application of better suited techniques [115], low
reuse rate of Software Testing knowledge [11], Barriers in Software testing knowledge
transfer [11], Impossible to quickly achieve the most optimum distribution of human
resources during testing [56] etc. The detailed list of challenges obtained through
literature is provided in Section 6.3.4. The survey was conducted to triangulate the
Literature results and are asked to indicate potential challenges. The current study found
various additional challenges that are faced due to lack of KM. The detailed list of
challenges that are obtained through Survey is provided in Section 7.6. Comparisons
between the responses obtained through Literature review and Survey are pointed in
Figure 17
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Literature

Survey
CH23-CH44

CH11

CH1- CH10
CH12-CH22

Figure 17 Comparisons between challenges obtained through
Literature and Survey
CHx in the figure indicates the challenge Id, it can be observed that the all the
challenges addressed in the literature are being categorized by the respondents in the
Survey, but CH11 which states that “Schedule and release information from the testing
organization to development found to be insufficient” was not being categorized as a
challenge by any of the respondent. A possible explanation for this might be due to that
respondents might have been working in a co-located environment where testing as well
as developing are executed in a same roof. But CH11 might be faced when there is a
third party that is performing testing and has its developers and testers not co-located.
Thus, these findings suggest that several challenges are faced due to lack of KM
and it can therefore be assumed that application of KM practices in testing can mitigate
those challenges and thus gain the benefits that KM provides.

7.6

Results from the open-ended questions
The author has additionally enclosed open-ended questions in the survey to get the
results apart from those that were included in the survey. The open-ended questions
were provided to uncover the testing techniques that get benefited from the application
of KM and the knowledge that these techniques utilize. In addition, the respondents
were asked to provide additional challenges that were faced due to lack of KM apart
from those that were provided in the survey. The responses were analyzed so as to
incorporate them within the final list.
Firstly, an open-ended question was provided that indicates the respondents to
answer the test design techniques that were not specified in the list along with its
importance in the field of KM and the knowledge that this technique requires. Most of
the respondents have just chosen the techniques that are provided in the list. Whereas,
3 respondents have provided additional test design techniques that are used in the
industry along with the importance of KM in it. The responses were analyzed and the
most referred test design techniques were collected. They are listed in Table 49.

Table 49 Test design techniques obtained through survey
ID

D1
D2

Software Involvement
testing
with KM
Experience
(Yes, No)

More than
5 years
3-5 years

Yes

Test
expert
level (1-5)
under test
design
4

Yes

4

Technique along with the
Importance and the knowledge
it utilizes

Decision
Important
table testing
Specification Important
based
decision
table testing

Tacit
Tacit
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D3

More than
Yes
5
Decision
Not
Tacit
5 years
table testing specified
Looking at experience as the key factor along with the respondents’ involvement in
knowledge management, it can be concluded that KM plays an important role in
Decision table test design technique and tacit knowledge is being utilized in it.
Secondly, respondents were asked in an open-ended question to state about the
knowledge that test execution techniques utilizes and the importance of Knowledge
management in it. This question was intended to find the importance of KM and the
Knowledge that the test execution techniques utilizes, which they have been using in
the industry (If any rather than those that are specified in the list). No respondent had
mentioned any technique in the open-ended questions but provided the following
opinions,
"Error guessing and negative data testing are considered to be test design as well
as test execution in the industry" and have stated that,
"Test execution is done right after the design phase, so I don't think there is a
question of using KM practices. There is no requirement of KM because of the
sophisticated nature of test planning and test design, but instead the implementation of
KM in earlier stages itself".
"Test execution runs as per test design and requirement of KM practices during this
phase is not essential."
"As far as industry is concerned, there is not any need of undertaking KM practices
during test execution. As in test planning itself, testers are fixed on implementing tests
either manual or automated based upon which tests are designed and this is where
usage of KM comes into existence i.e. during test design"
"Test execution techniques are performed as per test planning and test design, so
there is no explicit requirement of Knowledge Management practices." who have in
turn claimed that,
"Experience based test execution techniques such as Ad-hoc, exploratory testing
gets benefited from the application of KM practices where there is not any involvement
of test design in it"
Based on this statements along with the analysis obtained from categorizing the
importance of testing aspects, there is not much need of KM during test execution as
tests are executed based on design and test design is the process where KM utilization
takes place. In addition, techniques such as Ad-hoc, Exploratory testing where test cases
are not defined in advance or in test plan and are dynamically executed, in such cases
Knowledge management plays an essential role.
In addition, 2 respondents have listed few testing types in place of test execution
techniques. The responses are analyzed and are listed in Table 50

Table 50 Testing types obtained through Survey
ID

E1

Software Involvement
Test
testing
with KM
expert
Experience
(Yes, No)
level (1-5)
under
test
execution
1-2 years
No
3

Testing types along with the
Importance and the knowledge it
utilizes

Smoke
testing,
Regression
testing,

Important Explicit
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E2

1-2 years

Yes

3

Usability
testing
Security
Important
testing,
Concurrency
testing
Stress
Important
testing

Tacit

Both

The testing techniques provided by the 2 respondents with lesser experience are
actually referred to as testing types as indicated by Ahmed [45]. This is often a common
misconception among lesser experienced testers who might not be able to differentiate
explicitly between testing types and testing techniques. This kind of misconception is
also one of the challenges to this thesis.
Finally, under the testing techniques part, the respondents were asked to mention
the test result analysis techniques along with the knowledge that they utilize and the
importance of KM. No respondent had mentioned any test result analysis technique.
As many as 29 respondents have stated that "Everything was covered" under test
design, test execution and test result analysis techniques among which most of them
were experienced testers with an average of more than 3 years of experience, thus made
in getting into a conclusion that author have mentioned all the required testing
techniques that are being implemented in the industry.
In the same manner, respondents were provided with an open-ended question to
state about the additional challenges that are faced due to lack of KM in software testing,
apart from those that are mentioned in the list. Most of the respondents have given their
perceptions on the challenges felt or faced due to a lack of KM in software testing. The
responses were analyzed and the most referred challenges were collected. Following
are the various challenges that are collected,
 CH23: Improper human resource allocation to testing activities i.e.
allocating individual with low level knowledge to testing activities and
neglecting the intellectual knowledge, this usually happens when the
knowledge is not shared and considered across the organization. Usage of
KM practices can be considered as a remedy to such issue
 CH24: Lacking test learning activities in organization. Due to lack of KM
in testing, testers tend not to share the knowledge across the organization.
In such cases relevant knowledge is being neglected which leads to decline
in learning activities
 CH25: Insufficient quality of the testing results or outcomes.
 CH26: Difficulties in finding relevant information and resources during
testing.
 CH27: Difficulties in reusing testing knowledge, ideas, test documents, test
cases and test expertise.
 CH28: Making use of more effort than required during testing i.e. not
maintaining a strategic level and involvement of more effort during test
process.
 CH29: Doing the same and similar kind of mistakes during testing process
again and again i.e. by making usage of KM practices it minimizes
duplication involved during testing.
 CH30: Lacking in using expertise and experience of testing personnel
during test case design.
 CH31: Lacking in usage of human resources and tools that are necessary
and required during test planning, test design and test result analysis.
 CH32: Not making best test problem-solving experiences reusable.
 CH33: Neglecting in protecting the intellectual testing capital.
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CH34: Lacking in linking test individual to individual by not making usage
of Knowledge Management methods.
CH35: Having a huge loss of know-how by neglecting explicit and tacit
knowledge during test design.
CH36: Lacking productivity by not implementing trainings and timely
access to relevant test knowledge required.
CH37: Decreased transparency test process.
CH38: Lacking in teamwork and team as well as employee involvement
during testing i.e. due to lack of KM, sometimes employees are reluctant to
share testing knowledge and thereby decreases teamwork and complete
full-fledged involvement.
CH39: Difficulties in explication of tacit knowledge during test planning.
CH40: Difficulties in Transfer of test knowledge into action.
CH41: Difficulties in creating, capturing, sharing, protecting,
disseminating, storing, packaging and exploiting testing knowledge.
CH42: Lacking consistency during test coverage criteria, test execution.
CH43: Lack of proper guidance, Not implementing the latest technologies
CH44: Lacking in selecting best test cases from those that are specified.
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LIMITATIONS AND VALIDITY THREATS

8.1

Limitations
Following paragraph explains about the limitations with respect to each research
question for the survey part of the thesis.
Research question 1: which software testing aspects gain more attention while KM
is applied?
The answers for this questions are partially found in the literature i.e. few papers
have indicated the importance of KM in specific testing aspects such as test planning,
test case design, testing techniques [5]. However, author have assumed that there exists
importance with respect to other testing aspects that are being focused while KM is
applied such as testing type, test result analysis, testing resources. The results obtained
from the survey indicated that there exits importance for other testing aspects such as
test result analysis (which was categorized as the most important testing aspect while
KM is applied).
The limitation for this research question could be that the provided importance
levels such as Very Important, Important, Moderate and Not important for this question
may have influenced the respondents’ opinions. The results of this research question
could vary depending on sample size i.e. if a larger sample is considered. This is because
the deciding factor i.e. difference between mean ranks, may increase altering the order
of importance of the testing aspects. For example: The difference between mean ranks
of Test result analysis (mean rank: 6.37) and Test case design (mean rank: 6.27) is very
small (0.10). This difference may change significantly altering the importance of these
aspects if a larger sample set is considered.
Research question 2: What software testing techniques benefit most from the
application of KM practices?
This question was segregated into three parts such as test design, execution and test
result analysis techniques and three separate questions were asked in the survey to rate
the importance of KM (i.e. Very Important, Important, Moderate, Not Important and
Not known) in test design, execution and result analysis techniques. There is no standard
taxonomy for the techniques used in the industry [53], there could be chance that the
respondents (who have not read the description) may have mistakenly identified a
technique as important or unimportant. Since, the respondents might implement a
certain testing technique and not exactly call them in the same manner as addressed in
literature, For example: Cause effect analysis, as defined in the literature, is referred to
as fish-bone diagram in the industry which is one of the test result analysis techniques.
Research Question 3: Which among the types of knowledge tacit, explicit is
required to perform which kind of software testing technique?
This question was segregated into three parts such as test design, execution and
result analysis techniques and the three separate questions were provided the
respondents to choose the type of knowledge that each of the testing technique requires.
The first limitation for this question was that a few of the participants did not clearly
understood about the types of knowledge i.e. tacit/explicit, despite of the fact that
definitions as well as explanations are already provided. The second limitation is that a
few participants may not have involvement in each of the techniques that are provided
and their responses might be based on their own perceptions.
Research Question 4: What are the challenges faced due to lack of KM in software
testing?
The limitation for this question is that, the respondents were asked to choose the
challenges from the provided list, here they can choose more than one challenge. In
addition respondents were asked to provide the challenges other than those that are
specified. Here the limitation could be that the mentioned choices (i.e. Challenges) may
have influenced the respondents’ opinions.
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8.2

Validity threats for Survey
The reliability and the exactness of the research are influenced by few factors
regardless of how well the research is executed. For this research the author have come
across following validity threats in relation with survey and they are internal, external,
construct and conclusion validity as discussed by Wohlin [116].

8.2.1

Internal validity

Internal validity is the threat associated with the questionnaire and is the kind of
questions listed in the survey. This kind of threat may happen when the respondent does
not prefer to answer any specific question of the survey as they may not observe it or
they could not feel to answer it. Thus to mitigate this threat, the survey was designed
within the simplest possible way. An option, “does not know” was included for each of
the question just in case the respondents does not prefer to select the answer needed. In
addition, personal data of the respondents wasn't requested and an open ended question
was asked to answer for the interested respondents to mention their email to get the
results of the survey. In addition, few of the responses which are found to be inconsistent
are being answered by considering the responses obtained from experienced persons as
well as the perception given by the respondents under open ended question (Which dealt
with why an aspect or technique is considered to be important/not important in the
context of Knowedge Management- Refer Section 12.4, Question 17 in Appendix D)
which is an internal threat to this thesis.
Internal validity also refers to the threats associated with confounding factors [90].
To mitigate this, the results obtained for the survey question are statistically analyzed
to study significant relationship using Chi-square test by not just focusing only on one
single confounding factor i.e. each factor from demographics part is considered to study
significant relationship with respect to the survey answers.

8.2.2

External validity

As indicated by Wohlin [68], external validity covers the generalizability of the
results. The author have come across significant threats related to the survey. Looking
for organizations that implement knowledge management in software testing was
troublesome. In addition approaching and reaching the respondents who were subject
to knowledge management in software testing was tough. To achieve responses from
round the globe, a web based questionnaire was developed on the mutual agreement of
author and supervisor. There resulted in a situation where author have not had access to
a considerable range of respondents. In order to overcome the selection bias, author
have distributed the questionnaire on variety of online knowledge management ,
software testing, quality assurance, knowledge management in software testing groups
in LinkedIn and blogs, google groups respectively. In addition reliability of the
respondents was likewise a threat to the conclusion and analysis of the responses
obtained. Likely, the author has obtained 75% of the responses through our contacts,
which made us adapt to the issues in relation to the reliability of the results from survey.

8.2.3

Low response rate for survey

The amount of responses that were obtained in the survey was another threat, which
made us difficult in making generalizable statement regarding the information obtained
through the survey. The author has made an attempt to obtain as many responses as
possible. Due to time constraints it was difficult to have an outsized range of responses.
At last we were successful in getting 54 responses. It was a threat to put forth any sort
of generalizable statements regarding the aspects, techniques that benefit with the
combination of KM and software testing and challenges faced due to lack of KM in
software testing. It was likewise conceivable that they might have missed in listing any
techniques. In addition there was a threat where few of the respondents did not
completely fill the survey questionnaire and some of the responses were not that clear.
To stay away from these issues, author have not considered such responses. In addition,
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this survey could be answered if and only if the respondent is involved in software
testing. Therefore, the responses obtained from the persons who are not involved in
testing were not considered in this survey.

8.2.4

Construct validity

As mentioned earlier in Section 6.4, Construct validity depends on the question of
"How does one recognize that they are measuring what they usually think they are
measuring against?" [112]. This kind of threat usually happens when essentials of the
research are not provided by survey. The factors which might lead to construct validity
threats are the presence of inappropriate and irrelevant questions or having an
ambiguous idea. To overcome this threat, aspects obtained through the SLR are
analyzed and depicted in the survey. The questions asked in the survey were framed as
per the research idea. In addition, few aspects that are resulted through SLR were
excluded as a part of the survey as they were time consuming and enormous and this
can influence the quantity of responses, for example: Testing process was one of the
aspects that was found in the SLR and as testing process constitutes of test planning,
test design, test execution and test result analysis it was excluded and the aspects that
come under test process were taken into consideration. Apart from this, the
questionnaire was pilot tested to guarantee the understandability of the questions posed
in the survey.

8.2.5

Conclusion validity

Conclusion validity of the survey is that the threat of quality and trustiness of the
results. To alleviate this threat, the obtained responses through close ended questions
were analyzed cautiously and are summarized utilizing heat maps as well as statistical
analysis. Chi-square test of significance was done to find out the relationship between
the demographics part and the results part. The open ended questions responses were
analyzed based on narrative analysis and the common traits among them were excluded.
In addition, factors such as importance of knowledge management in testing aspects,
testing techniques and the knowledge that these techniques require were analyzed
through heat maps and furthermore by measuring statistics for the resulted data. In
addition statistical analysis was utilized to get the mean ranks as well as correlation of
each testing aspect and technique with respect to its importance, knowledge
categorization and respondents’ roles, experience and test expert level.
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RESEARCH QUESTIONS REVISITED
Research questions along with the answers obtained are provided in the section
below.
RQ1:
Table 51 presents the testing aspects sorted according to their descending order of
importance, i.e. most important testing aspects with respect to KM are provided first
followed by lesser important testing aspects

Table 51 Descending order of Importance of KM in Software testing
aspects according to the mean rank
Testing aspect
Test result analysis
Test Case design
Test planning
Testing technique
Test resources
Testing type
Test phase
Test code
Test execution
RQ2 and RQ3:
RQ2 aims at identifying the testing techniques that get benefited from the
application of KM. In order to identify the techniques, literature review was conducted
and the classification proposed by Irina [109] Rex [107] and Ahmed [45] was taken into
consideration. Testing techniques were categorized as test design, test execution and
test result analysis techniques and were provided to the respondents to categorize based
on its importance level such as Very Important, Important, Somewhat Important, Not
Important and don’t know in the context of KM. The obtained responses are analyzed
and the most important techniques mentioned by the respondents are obtained. RQ3
aims at identifying the knowledge that each of the testing technique requires
(Tacit/Explicit/Both). Techniques here are listed in the descending order of their
importance along with the knowledge they utilize i.e. most important techniques with
respect to KM is included first followed by the techniques with lower importance. The
answers are being segregated into three parts such as test design, test execution and test
result analysis.
Test design techniques:
Table 52 summarizes the test design techniques in descending order of Importance
along with the knowledge it utilizes.

Table 52 Test design techniques importance with respect to KM and the
knowledge that it utilizes
Techniques
Pair wise testing
Use case testing
Random testing
Boundary value analysis
Condition coverage
Decision coverage
Statement coverage
State transition testing
Equivalence partitioning
Control Flow testing
Data flow testing

Tacit
X
X
X
X
X
X
X
X

Explicit

Both

X
X
X
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Path testing
X
Loop testing
X
Cause effect graphing
X
LCSAJ testing
X
Model based testing
X
Mutation testing
Informal reviews
X
Inspection
X
Technical reviews
X
Walkthroughs
X
Techniques obtained through Survey
Decision table testing
X
(Important)

X

Test execution techniques:
Table 53 summarizes the test execution techniques in the descending order of
Importance under the context of KM along with the knowledge that the test execution
techniques utilize.

Table 53 Test execution techniques Importance in the context of KM along
with the knowledge it requires
Test execution techniques
Ad-hoc testing
Error-guessing
Negative testing
Exploratory testing
Fuzz testing

Tacit
X
X
X
X
X

Explicit

Both

Test result analysis techniques:
Table 54 provides the test result analysis techniques in decreased order of
Importance i.e. important techniques followed by the rest, along with the knowledge
that these techniques utilize.

Table 54 Test result analysis techniques importance in the context of KM
along with the knowledge it utilizes
Test result analysis techniques
Cause-effect analysis
Root cause analysis
Fault tree analysis
Failure mode and effect analysis
Pareto analysis

Tacit
X
X
X

Explicit

Both

X
X

RQ4:
Research Question RQ4 focuses on identifying various challenges that are faced
due to lack of KM in software testing as such to provide recommendations to implement
KM in software testing. The list of challenges were obtained from the literature study
and extended in the survey. The obtained responses are thus analyzed and the challenges
that are indicated by most of the respondents is provided in Table 55 i.e. most indicated
challenges followed by the rest. Table 55 summarizes the challenges.

Table 55 Final list of challenges that are faced due to lack of KM
Challenges faced due to lack of KM (obtained from literature)
Decreasing test effectiveness
Increase in cost and time
Poor sharing environment for software testing knowledge
Serious loss of software testing knowledge
Improper selection and application of better suited technique
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Barriers in Software testing knowledge transfer
Lacked practices for logging and tracking in testing
Less reuse rate of software testing knowledge
Less support for decision making
Testing knowledge is not properly considered for test planning
Determining whether adequate testing has been done
Troubleshooting documentation was inaccurate
Missing of high severity defect detection
Unclear In identifying whether most crucial aspects of test components are tested
Impossible to quickly achieve the most optimum distribution of human resources quickly
Lacking test technique skills
Determining what you can say about the software when testing is completed. Proceed
further or not to proceed further
Determining whether or not the outputs are correct
Documentation is not being updated
Difficulties in achieving test coverage- Number of test cases
Less exchange requirements knowledge to testers and not using the fullest
Schedule and release information from the testing organization to development found to be
insufficient
Challenges obtained through Survey
Insufficient quality of the testing results or outcomes
Difficulties in finding relevant information and resources during testing
Making use of more effort than required during testing i.e. not maintaining a strategic level
and involvement of more effort during test process
Having a huge loss of know-how by neglecting explicit and tacit knowledge during test
design
Lacking the learning activities regarding testing in organization
Difficulties in reusing testing knowledge, ideas, test documents, test cases and test expertise
Improper human resource allocation to testing activities
Doing the same and similar kind of mistakes during testing process again and again
Lacking in using expertise and experience of testing personnel during test case design.
Lacking in usage of human resources and tools that are necessary and required during test
planning, test design and test result analysis
Not making best test problem-solving experiences reusable
Neglecting in protecting the intellectual testing capital
Lacking in linking test individual to individual by not making usage of Knowledge
Management methods
Lacking productivity by not implementing trainings and timely access to relevant test
knowledge required
Decreased transparency test process
Lacking in teamwork and team as well as employee involvement during testing i.e. due to
lack of KM, sometimes employees are reluctant to share testing knowledge and thereby
decreases teamwork and complete full-fledged involvement
Difficulties in explication of tacit knowledge during test planning
Difficulties in Transfer of test knowledge into action
Difficulties in creating, capturing, sharing, protecting, disseminating, storing, packaging and
exploiting testing knowledge
Lacking consistency during test coverage criteria, test execution
Lack of proper guidance, Not implementing the latest technologies
Lacking in selecting best test cases from those that are specified
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CONCLUSION
Software testing is knowledge intensive [5] and the use of KM practices and tools
provides a wide range of benefits in terms of capital and quality [5]. Additionally, there
are many inconsistencies on the importance of KM with respect to specific testing
aspects as well as testing techniques. As a result, KM was not concentrated in those
specific testing aspects and is often neglected.
This thesis focuses on the implementation of KM in software testing and on
exploring the importance of KM in each of the software testing aspects and testing
techniques. In addition, the current thesis focuses in finding the challenges faced due to
the lack of KM in software testing. The topic is explored in a systematic literature
review and a survey.
SLR results indicated that 9 aspects are focused while applying KM in software
testing among which test case design, test planning, testing techniques, test level have
gained much attention in literature. In addition testing techniques such as exploratory
testing, Ad-hoc testing and Model-based testing were addressed as important in relation
with KM. Moreover, 22 challenges were identified due to lack of KM in software testing
among which, barriers in transferring software testing knowledge transfer, low reuse
rate of software testing knowledge, improper selection and application of better suited
technique were addressed as the most faced challenges in literature.
The survey results were analyzed through descriptive statistics, Chi-square and
Friedman tests. The results of thesis indicated that the testing aspects such as test result
analysis, test case design, test planning etc. gain much attention while KM is applied
in Software testing. Surprisingly, it was found that test result analysis gains much
attention in the context of KM apart from those categorized as important in the
Literature review.
Among the test aspects, what is surprising is that, test execution was being
categorized as the least important with respect to KM which is contradictory to the
results obtained from De Souza [5] and the reason was indicated by survey participants
stating that "As far as industry is concerned, there is not any need of undertaking KM
practices during test execution. As in test planning itself, testers are fixed on
implementing tests either manual or automated based upon which tests are designed
and this is where usage of KM comes into existence i.e. during test design".
In survey, respondents were provided with various testing techniques i.e. test
design, test execution and test result analysis techniques and are asked to categorize
them based on the level of importance. The results of the survey indicated that pair wise
testing (mean rank: 14.94), use case testing (mean rank: 14.25), random testing (mean
rank: 14.01), boundary value analysis (mean rank: 13.86) etc. stands out as the most
important test design techniques in the context of KM. Surprisingly, it was found that
model-based testing was considered as important by very few respondents and this
results differ from Koznov et al. [105]. One interesting finding was that static testing
techniques are being categorized as not important in the context of KM and a possible
explanation was provided by respondent that, "Static testing deals with testing of
software manually or with certain tools but they are not executed. In addition,
dependency is not required while implementing static testing techniques”. It is also
worth to indicate that whenever there is dependency, KM comes into existence.
Regarding test execution techniques, survey results indicated that Ad-hoc testing
(mean rank: 3.55), error-guessing (mean rank: 3.29), negative testing (mean rank:
3.06), exploratory testing (mean rank: 2.89) and Fuzz testing (mean rank: 2.22) stood
as the most important in relation with KM. What is surprising is that error-guessing
testing and Negative testing are being categorized as most important by the respondents
when compared with exploratory testing which is contradictory to the results obtained
from De Souza [5]. Amongst all the test execution techniques, Ad-hoc testing stood out
as the most important test execution technique with respect to KM and these result
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further support the idea of Beer et al. [52]. It is worth mentioning that 2 of the
respondents with less experience in testing have mentioned testing types such as Smoke
testing, Regression testing, Usability testing, Stress testing etc. in place of test execution
techniques in the survey. Thus, this kind of misconception was observed to arise among
lesser experienced software testers which is a challenge to this thesis.
In addition, test result analysis techniques such as Cause-effect analysis (mean rank:
3.31), Root cause analysis (mean rank: 3.18), fault tree analysis (mean rank: 3.13),
failure mode and effect analysis (mean rank: 2.78) and Pareto analysis (mean rank:
2.61) stood as the most important with respect to KM.
This thesis develops a classification of the testing techniques based on the
knowledge that they require. The current literature lacks classification scheme. As per
the survey, it was found that most of the techniques are being classified as such they
utilize tacit knowledge, whereas static testing techniques, equivalence partitioning,
control flow, data flow etc. are being categorized into explicit knowledge. Based on
techniques such as observing, shadowing, training and recording the sessions, tacit
knowledge can be stored for those that are considered important in relation with KM
and utilizes tacit knowledge.
The most commonly faced challenges due to lack of KM observed through the
survey are: decreasing test effectiveness, increase in cost and time, poor sharing
environment for software testing knowledge, serious loss of software testing knowledge
with the percentages of 85.5%, 85.5%, 81.8%, 80.0% respectively. In addition, the
following additional challenges were mentioned by the survey respondents: insufficient
quality of the testing results or outcomes, difficulties in finding relevant information
and resources during testing, applying more effort than required during testing, having
a huge loss of know-how by neglecting explicit and tacit knowledge during test design
etc. Thus, these challenges motivates practitioners to focus more on applying KM in
software testing

10.1 What makes this research different
Several authors [P1, P2, P3, and P6] have researched about the testing aspects that
are being focused while KM is applied in software testing. They have moreover
portrayed various test artifacts that are being subject to Knowledge Management. Most
of the papers [P1, P2, P3, P6, P9, and P19] have examined about the testing aspects in
by and large and no discourse about specific aspects has been provided.
In addition, De Souza et al. [5] have conducted a systematic mapping to find out
the knowledge management in software testing literature. The authors have talked about
various technologies that support KM in software testing, research focus from KM and
software testing perspective and only few of them were discussed such as test case,
testing phase and testing process on the whole and not with respect to each of the
individual process such as test planning, test case design, test execution and test result
analysis. In [P3], a case study was performed on the implementation of KM in software
testing, identifying challenges encountered due to lack of KM in software testing.
Distant with the previous studies, the current thesis went for researching the
applicability of KM in software testing aspect, testing techniques through gathering
each and every aspect, techniques reported on literature supplementing with survey. The
thesis also focuses on studying the importance of each testing aspect, testing technique
in the context of KM. This thesis has thus made the following contributions
 Exploring various testing aspects that are being focused while KM is
applied in software testing literature. We have moreover explored the
importance of each of the software testing aspect with respect to KM.
 Discovering that each of the testing aspects is being focused while KM is
applied, albeit few of them are very important in the KM context.
 Obtaining the importance of each of the software testing techniques (i.e.
design, execution and result analysis techniques) in the KM context, along
with the knowledge the each technique requires so as to provide
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recommendations to store the tacit knowledge just in case if any technique
is Important in the context of KM and utilizes tacit knowledge.
Uncovering various challenges that are faced due to the lack of KM in
software testing literature. These challenges were complemented and
supplemented through survey practitioners and have also identified the
most being addressed challenges in the industry.
Taking into account the participants of the survey, we trust that our
outcomes are more generalizable in light of fact that the participants have
vast experience in the context of software testing and almost 91% of our
respondents are involved with KM in software testing.

10.2 Future Work
Since it was found in the thesis that KM is crucial in testing types, it is therefore a
gate/space to find out the importance of KM in different testing types such as
functionality testing, reliability testing, usability testing, efficiency testing etc. It can
also be observed that the results need to be validated with respect to few testing aspects,
testing types for their efficiency.
Additionally in Section 6.3.1, the author has listed various KM aspects that are
being focused while applied to software testing. There is still a gap that results are not
validated and can find additional KM aspects with respect to software testing. In
addition to it, even though the KM activities composed are clear, it is unclear on which
methods to use in each of the software testing activities, thus researchers can find out
which KM aspect is being focused more or gets benefited on each of the software testing
aspect.
Since no study has focused on identifying tacit knowledge importance in the context
of KM in software testing, it is worth to explore the importance of tacit knowledge and
how to store it. In addition, there is a need of exploring about the aspects as well as
testing types that are in need of tacit knowledge.
On the other hand, Knowledge management has to be integrated into software
testing. This combination must be bolstered by various KM tools and techniques. In this
way, some sort of work is obliged to incorporate a portion of the proposed tools and
techniques that support KM.
In addition, there is a need of finding the mitigation strategies with respect to each
of the challenge that was obtained and provide the tools, recommendations and
techniques required to overcome those challenges. Prime focus can be laid upon this
viewpoint as a further research. Studies can provide various alleviation methods to the
challenges indicated instead of simply recognizing the challenges.
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APPENDIX

12.1 Appendix A
Table 56 Publication venue of each paper
Publication
Malaysian Conference in Software Engineering
(MySEC)
International Conference on
Information Technology and Computer Science
International Conference & Workshop on Emerging Trends in
Technology (ICWET)
International Conference on Industrial Engineering and
Engineering Management
International Symposium on Empirical Software Engineering
and Measurement
International conference on Internet Computing for Science and
Engineering (ICICSE)
WRI World Congress on Computer Science and Information
Engineering
EUROMICRO Conference on Software Engineering and
Advanced Applications
International Conference on Knowledge Management and
Information Sharing
Performance Computing and Communications Conference
(IPCCC), International
International Joint Conferences on Web Intelligence (WI) and
Intelligent Agent Technologies (IAT)
International Symposium on Empirical Software Engineering,
ISESE
International Conference on Software Engineering and
Knowledge Engineering
Pacific Northwest Software Quality Conference
International Conference on Information Sciences
International Conference on Software Engineering & Knowledge
Engineering
Enterprise Distributed Object Computing Conference
Workshops (EDOCW)
International Conference on Software Engineering & Knowledge
Engineering
International Symposium on Empirical Software Engineering
and Measurement
International Conference on Software Engineering & Knowledge
Management
Computer Software and Applications Conference (COMPSAC)
Information and Software Technology Journal
Software Engineering Journal
Journal of Workplace Learning
Information and Software Technology Journal
Empirical Software Engineering
Ontology research Journal
Journal of Systems and Software
Journal of Software Engineering and Applications
Knowledge and Process Management Journal
Software Engineering Journal
Empirical Software Engineering
International Journal of Computer Application
International Journal of Computer Applications in Technology

Type
Conference

ID
P1

Conference

P3

Conference

P4

Conference

P5

Conference

P7

Conference

P8

Conference

P9

Conference

P10

Conference

P13

Conference

P21

Conference

P22

Conference

P15

Conference

P16

Conference
Conference
Conference

P17
P19
P29

Conference

P32

Conference

P26

Conference

P20

Conference

P33

Conference
Journal
Journal
Journal
Journal
Journal
Journal
Journal
Journal
Journal
Journal
Journal
Journal
Journal

P35
P2
P11
P12
P6
P14
P24
P18
P25
P27
P30
P28
P31
P34
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Information Systems Research Journal

Journal

P23

Table 57 Quality assessment based on rigor and relevance
Paper

Context

Study
Design

Validity

Rigor
Sum

User/
Subje
ct

Scale

Research
methodology

P1
P2
P3
P4
P5
P7
P8
P9
P10
P11
P12
P13
P14
P15
P17
P18
P19
P20
P21
P22
P23
P25
P26
P27
P29
P30
P31
P32
P33
P34
P35

1
1
1
1
1
1
1
1
1
1
1
0.5
1
1
0
1
0.5
1
0
0
0.5
1
0
0.5
0
1
1
0
1
1
1

1
1
0.5
0.5
1
1
0.5
0.5
1
1
0.5
0.5
1
1
0.5
0.5
0.5
1
0.5
0.5
0
1
0.5
0.5
0.5
1
1
0.5
0.5
0.5
1

0
1
0
0
0
1
0
0
0
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
0
0
0

2
3
1.5
1.5
2
3
1.5
1.5
2
3
1.5
1
2
2
0.5
1.5
1
2
0.5
0.5
0.5
2
0.5
1
0.5
2
3
0.5
1.5
1.5
2

1
1
1
1
1
1
1
1
1
1
1
1
1
1
0
0.5
1
1
0
0
0
1
0
1
1
1
1
0
1
1
1

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

1
1
1
1
1
1
1
1
1
1
1
1
1
1
0
0
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

Context

1
1
1
1
1
1
1
1
1
1
1
1
1
1
0
1
1
1
0
0
0
1
0
1
1
1
1
0
1
1
1

Relevance
Sum

4
4
4
4
4
4
4
4
4
4
4
4
4
4
1
2.5
4
4
2
2
2
4
2
4
4
4
4
2
4
4
4
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12.2 Appendix B
In the iteration results provided following are the abbreviations of each words
mentioned.
D- Duplicate
T- Based on Type
N- Based on Name
Y- Based on Year
L- Based on Language
EA- Excluded after reading the abstract
EF- Excluded after reading the full text
FN- Full text not available
IA- Included after reading Abstract
IF- Included after reading full text
Results of snowballing as per iteration wise.

Table 58 First Iteration results

Papers

P1

Number of
References and
Citations

BS: 14
FS: 4

P2

BS: 71
FS: 12

P3

BS: 9
FS: 10

P4

BS: 5
FS: 8

P5

BS: 5
FS: 5

P6

BS: 40
FS: 0

P7

BS: 37
FS: 15

Excluded Papers

BS

FS

D: 2
T: 5
N: 4
Y: 1
EA:1
EF: 1

N: 2
T-2

D: 3
T: 8
N: 30
Y: 12
EA: 14
D: 1
T: 2
N: 3
EA: 3
N: 2
T: 2
EA: 1
N: 2
T: 1
EA: 1
Y: 1
D: 7
Y: 4
T: 3
N: 11
EA: 11
FN: 3

N: 3
T: 3
EA: 5

N- 8
EA- 12
T-6
Y- 6

Included Papers

BS

FS

-

-

IA: 3
IF: 1

IA: 1

-

IA: 1

-

-

-

-

-

IA: 1

-

EA-7
N- 4
T-3

-

IA: 1

N: 3
EA: 4
L: 2
D: 2
N: 2
EA: 4
D: 1
N: 3
T: 1
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FN- 5
P8

BS: 13
FS: 7

P9

BS: 10
FS: 9

P10

BS: 17
FS: 39

P11

BS: 76
FS: 23

P12

BS- 27
FS- 7

P13

BS- 22
FS- 1

N-4
T-1
EA-5
FN-3
D-1
N-4
EA-3
T-2
D-1
N-3
EA-8
T-5
D-1
N-11
EA-16
T-10
Y- 16
FN-6
L-5
EF-10
N-11
EA-8
T-4
FN-2
Y-2
N-13
EA-4
T-2
FN-1
Y-2

D-1
N-3
T-2
EA-1
N-1
EA-7

-

-

-

IF: 1

D-2
N-10
EA-22
T-5
N-6
EA- 13
T-3

-

-

IF-1

IF-1

N-3
EA-3

-

IA:1

L-1

-

-
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Table 59 Second Iteration results

Papers

P14

Number of
References and
Citations

BS: 20
FS: 76

P15

BS: 16
FS: 15

P16

BS: 19
FS: 3

P17

BS: 17
FS: 19

P18

BS: 19
FS: 12

P19

BS: 14
FS: 1

P20

BS:16
FS: 37

P21

BS: 22
FS: 0

P22

BS: 30
FS: 0

P23

BS: 11
FS: 1

P24

P25

Excluded Papers

Included Papers

BS

FS

BS

FS

T: 5
N: 5
Y: 4
EA:5

N: 22
T-15
EA: 29
L: 4
D: 5
N: 7
EA: 8

IF: 1

IF: 1

-

-

-

IA: 1

-

-

-

-

-

-

-

IA-1

-

-

IF: 1

-

N: 10
T: 2
FN: 1
EA: 3
N: 10
L:1
Y: 3
EA: 3
T: 2
N: 17

N: 8
T: 4
Y: 3
EA: 4
N: 5
T: 6
L: 1
EA: 2

EA: 1
N: 1

N: 8
EA: 5
T: 4
D: 2
N: 2
T: 4
EA: 4
D: 2
D: 1

N: 8
D: 2
Y: 1
T: 3
EA: 2
N: 12
FN: 1
EA: 8
T: 1
N: 17
EA: 7
T: 2
Y: 3
N: 3
T: 3
Y: 3
EA: 2

N: 15
D: 3
T: 8
EA: 7
EF: 3
-

EF- 1

-

-

BS: 36
FS: 0

N: 17
FN: 3
T: 4
EA: 11
D: 1

-

-

-

BS: 42
FS: 0

N: 23
D: 2
T: 5
Y: 4
EA: 7

-

IF-1

-

-
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Table 60 Third iteration results

Papers

P26

Number of
References and
Citations
BS: 11
FS: 6

Excluded Papers

Included Papers

BS

FS

BS

FS

N: 5
D: 1
T: 3
EA: 2
N: 10
FN: 1
EA: 3
T: 3

N: 3
T: 1
D: 1
FN: 1
N: 7
T: 2
EA: 4
D: 1
EF: 4
N: 117
EA: 69
T: 25
D: 14

-

-

-

-

-

-

N: 8
D: 2
T: 6
EA: 4
EF: 5
N: 8
T: 4
EA: 2
FN: 1

-

-

-

-

-

-

-

N: 2
D: 1
T: 1

IA: 1

IF: 1

P27

BS: 17
FS: 18

P28

BS: 33
FS: 225

N: 8
T: 7
Y: 5
EA: 12
D: 1

P29

BS: 12
FS: 25

N: 8
EA: 3
T: 1

P30

BS: 31
FS: 15

P31

BS:41
FS: 0

P32

BS: 33
FS: 5

N: 7
T: 14
EA: 6
D: 1
Y: 3
N: 14
D: 3
T: 8
EA: 14
Y: 2
N: 9
T: 8
D: 7
Y: 4
EA: 4
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Table 61 Fourth iteration results

Papers

P33

P34

Number of
References and
Citations
BS: 26
FS: 6

BS: 27
FS: 4

Excluded Papers

Included Papers

BS

FS

BS

FS

N: 8
D: 1
FN: 1
T: 5
Y: 2
EA: 9
N: 7
Y: 2
D: 4
T: 2
EA: 11

N: 4
D: 1
EA: 1

-

-

N: 3
D: 1

IF: 1

-

Table 62 Fifth Iteration results

Papers

P35

Number of
References and
Citations

BS: 7
FS: 4

Excluded Papers

Included Papers

BS

FS

BS

FS

N: 3
D: 2
Y: 2

D: 1
N: 2
EA: 1

-

-
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12.3 Appendix C
12.3.1 Chi-square values of each testing aspect
12.3.1.1 Role in Organization VS Test aspects
Role in organization VS Test planning
Chi-Square Tests
Value

Df

Asymp. Sig.
(2-sided)

Pearson Chi-Square

5.463a

6

.486

Likelihood Ratio

5.851

6

.440

N of Valid Cases

54

a. 10 cells (83.3%) have expected count less than 5. The minimum
expected count is .04.

Role in organization VS Test case design

Chi-Square Tests
Value

df

Asymp. Sig.
(2-sided)

Pearson Chi-Square

6.555a

3

.088

Likelihood Ratio

7.166

3

.067

N of Valid Cases

54

a. 6 cells (75.0%) have expected count less than 5. The minimum
expected count is .19.

Role in organization VS Test code:

Chi-Square Tests
Value

df

Asymp. Sig.
(2-sided)

Pearson Chi-Square

8.566a

6

.199

Likelihood Ratio

8.176

6

.225

N of Valid Cases

54

a. 10 cells (83.3%) have expected count less than 5. The minimum
expected count is .09.

Role in organization VS Test phase:
Chi-Square Tests
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Value

df

Asymp. Sig.
(2-sided)

Pearson Chi-Square

7.261a

9

.610

Likelihood Ratio

6.753

9

.663

N of Valid Cases

54

a. 14 cells (87.5%) have expected count less than 5. The minimum
expected count is .02.

Role in organization VS Test technique:
Chi-Square Tests
Value

df

Asymp. Sig.
(2-sided)

Pearson Chi-Square

9.972a

6

.126

Likelihood Ratio

10.123

6

.120

N of Valid Cases

54

a. 10 cells (83.3%) have expected count less than 5. The minimum
expected count is .04.

Role in organization VS Test execution:
Chi-Square Tests
Value

df

Asymp. Sig.
(2-sided)

Pearson Chi-Square

12.530a

9

.185

Likelihood Ratio

14.718

9

.099

N of Valid Cases

54

a. 13 cells (81.2%) have expected count less than 5. The minimum
expected count is .07.

Role in organization VS Test result analysis:
Chi-Square Tests
Value

df

Asymp. Sig.
(2-sided)

Pearson Chi-Square

5.858a

3

.119

Likelihood Ratio

5.099

3

.165

N of Valid Cases

54

a. 6 cells (75.0%) have expected count less than 5. The minimum
expected count is .17.

Role in organization VS Test resources:
Chi-Square Tests
Value

df

Asymp. Sig.
(2-sided)
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Pearson Chi-Square

6.204a

9

.147

Likelihood Ratio

12.130

9

.206

N of Valid Cases

54

a. 14 cells (87.5%) have expected count less than 5. The minimum
expected count is .02.

Role in organization VS Test type:
Chi-Square Tests
Value

df

Asymp. Sig.
(2-sided)

Pearson Chi-Square

15.880a

9

.126

Likelihood Ratio

13.794

9

.130

N of Valid Cases

54

a. 14 cells (87.5%) have expected count less than 5. The minimum
expected count is .02.

12.3.1.2 Test Knowledge VS Test Aspect
Software Testing Knowledge * Test Planning

Chi-Square Tests
Value

df

Asymp. Sig.
(2-sided)

Pearson Chi-Square

2.069a

4

.723

Likelihood Ratio

2.662

4

.616

Linear-by-Linear

1.588

1

.208

Association
N of Valid Cases

53

a. 6 cells (66.7%) have expected count less than 5. The minimum expected
count is .67.

Software Testing Knowledge * Test case design
Chi-Square Tests
Value

df

Asymp. Sig.
(2-sided)

Pearson Chi-Square

3.918a

2

.071

Likelihood Ratio

6.072

2

.073

Linear-by-Linear

4.635

1

.000

Association
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N of Valid Cases

53

a. 3 cells (50.0%) have expected count less than 5. The minimum expected
count is 3.33.

Software Testing Knowledge * Test code
Chi-Square Tests
Value

df

Asymp. Sig.
(2-sided)

Pearson Chi-Square

1.267a

4

.867

Likelihood Ratio

1.320

4

.858

Linear-by-Linear

.430

1

.512

Association
N of Valid Cases

53

a. 6 cells (66.7%) have expected count less than 5. The minimum expected
count is 1.67.

Software Testing Knowledge * Testing phase
Chi-Square Tests
Value

df

Asymp. Sig.
(2-sided)

Pearson Chi-Square

3.427a

6

.754

Likelihood Ratio

3.724

6

.714

Linear-by-Linear

.085

1

.771

Association
N of Valid Cases

53

a. 9 cells (75.0%) have expected count less than 5. The minimum expected
count is .33.

Software Testing Knowledge * Testing technique
Chi-Square Tests
Value

df

Asymp. Sig.
(2-sided)

Pearson Chi-Square

8.124a

4

.127

Likelihood Ratio

8.364

4

.174

Linear-by-Linear

3.875

1

.049

Association
N of Valid Cases

53
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a. 6 cells (66.7%) have expected count less than 5. The minimum expected
count is .67.

Software Testing Knowledge * Test Execution
Chi-Square Tests
Value

df

Asymp. Sig.
(2-sided)

Pearson Chi-Square

10.811a

6

.094

Likelihood Ratio

12.680

6

.048

Linear-by-Linear

4.572

1

.033

Association
N of Valid Cases

53

a. 6 cells (50.0%) have expected count less than 5. The minimum expected
count is 1.33.

Software Testing Knowledge * Result Analysis
Chi-Square Tests
Value

df

Asymp. Sig.
(2-sided)

Pearson Chi-Square

3.200a

2

.202

Likelihood Ratio

3.446

2

.179

Linear-by-Linear

.785

1

.376

Association
N of Valid Cases

53

a. 3 cells (50.0%) have expected count less than 5. The minimum expected
count is 3.00.

Software Testing Knowledge * Test Resources
Chi-Square Tests
Value

df

Asymp. Sig.
(2-sided)

Pearson Chi-Square

5.566a

6

.473

Likelihood Ratio

5.980

6

.425

Linear-by-Linear

1.750

1

.186

Association
N of Valid Cases

53

a. 6 cells (50.0%) have expected count less than 5. The minimum expected
count is .33.
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Software Testing Knowledge * Testing type
Chi-Square Tests
Value

df

Asymp. Sig.
(2-sided)

Pearson Chi-Square

3.571a

6

.126

Likelihood Ratio

3.131

6

.119

Linear-by-Linear

2.445

1

.120

Association
N of Valid Cases

53

a. 6 cells (50.0%) have expected count less than 5. The minimum expected
count is .33.

12.3.1.3 Tester experience VS Testing aspects.
Time duration * Test Planning
Chi-Square Tests
Value

df

Asymp. Sig.
(2-sided)

Pearson Chi-Square

9.743a

4

.048

Likelihood Ratio

9.176

4

.065

Linear-by-Linear

6.470

1

.011

Association
N of Valid Cases

54

a. 2 cells (18.6%) have expected count less than 5. The minimum expected
count is 1.48.

Symmetric Measures
Value

Approx.
Sig.

Nominal by Nominal

Phi

.285

.068

Cramer's V

.402

.068

N of Valid Cases

54

a. Not assuming the null hypothesis.
b. Using the asymptotic standard error assuming the null hypothesis.

Time duration * Test case design
Chi-Square Tests
Value

df

Asymp. Sig.
(2-sided)

117

Pearson Chi-Square

14.236a

2

.001

Likelihood Ratio

17.757

2

.000

Linear-by-Linear

13.606

1

.000

Association
N of Valid Cases
54
1 cells (15.1%) have expected count less than 5. The minimum expected count
is 2.41.
Symmetric Measures
Value

Approx.
Sig.

Nominal by Nominal

Phi

.513

.001

Cramer's V

.513

.001

N of Valid Cases

54

a. Not assuming the null hypothesis.
b. Using the asymptotic standard error assuming the null hypothesis.

Time duration * Test code
Chi-Square Tests
Value

df

Asymp. Sig.
(2-sided)

Pearson Chi-Square

13.419a

4

.049

Likelihood Ratio

13.128

4

.053

Linear-by-Linear

1.016

1

.031

Association
N of Valid Cases

54

a. 3 cells (21.2%) have expected count less than 5. The minimum expected
count is 1.20.

Symmetric Measures
Value

Approx.
Sig.

Nominal by Nominal

Phi

.378

.490

Cramer's V

.352

.490

N of Valid Cases

54

a. Not assuming the null hypothesis.
b. Using the asymptotic standard error assuming the null hypothesis.

Time duration * Testing phase
Chi-Square Tests
Value

df

Asymp. Sig.
(2-sided)

Pearson Chi-Square

16.931a

6

.041
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Likelihood Ratio

16.557

6

.046

Linear-by-Linear

2.361

1

.124

Association
N of Valid Cases

54

a. 2 cells (16.7%) have expected count less than 5. The minimum expected
count is 2.24.

Symmetric Measures
Value

Approx.
Sig.

Nominal by Nominal

Phi

.251

.337

Cramer's V

.356

.337

N of Valid Cases

54

a. Not assuming the null hypothesis.
b. Using the asymptotic standard error assuming the null hypothesis.

Time duration * Testing technique
Chi-Square Tests
Value

df

Asymp. Sig.
(2-sided)

Pearson Chi-Square

18.512a

4

.001

Likelihood Ratio

20.033

4

.000

Linear-by-Linear

8.921

1

.003

Association
N of Valid Cases

54

a. 1 cells (15.6%) have expected count less than 5. The minimum expected
count is 2.48.

Symmetric Measures
Value

Approx.
Sig.

Nominal by Nominal

Phi

.414

.001

Cramer's V

.585

.001

N of Valid Cases

54

a. Not assuming the null hypothesis.
b. Using the asymptotic standard error assuming the null hypothesis.

Time duration * Test Execution
Chi-Square Tests
Value

df

Asymp. Sig.
(2-sided)

Pearson Chi-Square

18.681a

6

.033
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Likelihood Ratio

18.569

6

.016

Linear-by-Linear

12.551

1

.000

Association
N of Valid Cases

54

a. 2 cells (17.5%) have expected count less than 5. The minimum expected
count is 1.96.

Symmetric Measures
Value

Approx.
Sig.

Nominal by Nominal

Phi

.356

.033

Cramer's V

.503

.033

N of Valid Cases

54

a. Not assuming the null hypothesis.
b. Using the asymptotic standard error assuming the null hypothesis.

Time duration * Result Analysis
Chi-Square Tests
Value

df

Asymp. Sig.
(2-sided)

Pearson Chi-Square

6.591a

2

.021

Likelihood Ratio

6.382

2

.024

Linear-by-Linear

2.350

1

.125

Association
N of Valid Cases

54

a. 2 cells (25.0%) have expected count less than 5. The minimum expected
count is 2.17.

Symmetric Measures
Value

Approx.
Sig.

Nominal by Nominal

Phi

.419

.274

Cramer's V

.419

.274

N of Valid Cases

54

a. Not assuming the null hypothesis.
b. Using the asymptotic standard error assuming the null hypothesis.

Time duration * Test Resources
Chi-Square Tests
Value

df

Asymp. Sig.
(2-sided)

Pearson Chi-Square

16.204a

6

.047
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Likelihood Ratio

16.974

6

.075

Linear-by-Linear

12.554

1

.110

Association
N of Valid Cases

54

a. 2 cells (23.5%) have expected count less than 5. The minimum expected
count is 1.24.

Symmetric Measures
Value

Approx.
Sig.

Nominal by Nominal

Phi

.288

.178

Cramer's V

.407

.178

N of Valid Cases

54

a. Not assuming the null hypothesis.
b. Using the asymptotic standard error assuming the null hypothesis.

Time duration * Testing type
Chi-Square Tests
Value

df

Asymp. Sig.
(2-sided)

Pearson Chi-Square

18.880a

6

.236

Likelihood Ratio

18.928

6

.178

Linear-by-Linear

16.272

1

.259

Association
N of Valid Cases

54

a. 1 cells (17.5%) have expected count less than 5. The minimum expected
count is 2.24.

Symmetric Measures
Value

Approx.
Sig.

Nominal by Nominal

Phi

.356

.236

Cramer's V

.396

.236

N of Valid Cases

54

a. Not assuming the null hypothesis.
b. Using the asymptotic standard error assuming the null hypothesis.

12.3.2 Test case design expert level VS Test case design techniques
importance with respect to KM:
Test Design expert level * Boundary Value Analysis
121

Chi-Square Tests
Value

df

Asymp. Sig.
(2-sided)

Pearson Chi-Square

36.755a

6

.000

Likelihood Ratio

42.840

6

.000

Linear-by-Linear

.829

1

.363

Association
N of Valid Cases

54

a. 2 cells (18.6%) have expected count less than 5. The minimum expected
count is 2.56.

Symmetric Measures
Value

Approx.
Sig.

Nominal by Nominal

Phi

.825

.000

Cramer's V

.583

.000

N of Valid Cases

54

a. Not assuming the null hypothesis.
b. Using the asymptotic standard error assuming the null hypothesis.

Test Design expert level * Condition Coverage
Chi-Square Tests
Value

df

Asymp. Sig.
(2-sided)

Pearson Chi-Square

52.501a

6

.000

Likelihood Ratio

64.652

6

.000

Linear-by-Linear

.765

1

.382

Association
N of Valid Cases

54

a. 2 cells (14.2%) have expected count less than 5. The minimum expected
count is 1.28.

Symmetric Measures
Value

Approx.
Sig.

Nominal by Nominal

Phi

.986

.000

Cramer's V

.697

.000

N of Valid Cases

54

a. Not assuming the null hypothesis.
b. Using the asymptotic standard error assuming the null hypothesis.
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Test Design expert level * Decision Coverage
Chi-Square Tests
Value

df

Asymp. Sig.
(2-sided)

Pearson Chi-Square

50.047a

6

.000

Likelihood Ratio

59.818

6

.000

Linear-by-Linear

2.111

1

.146

Association
N of Valid Cases

54

a. 1 cells (12.3%) have expected count less than 5. The minimum expected
count is 2.28.

Symmetric Measures
Value

Approx.
Sig.

Nominal by Nominal

Phi

.963

.000

Cramer's V

.681

.000

N of Valid Cases

54

a. Not assuming the null hypothesis.
b. Using the asymptotic standard error assuming the null hypothesis.

Test Design expert level * Data Flow Testing
Chi-Square Tests
Value

df

Asymp. Sig.
(2-sided)

Pearson Chi-Square

61.723a

6

.000

Likelihood Ratio

68.004

6

.000

Linear-by-Linear

28.116

1

.000

Association
N of Valid Cases

54

a. 1 cells (4.0%) have expected count less than 5. The minimum expected
count is 1.11.

Symmetric Measures
Value

Approx.
Sig.

Nominal by Nominal

Phi
Cramer's V

N of Valid Cases

1.069

.000

.756

.000

54

a. Not assuming the null hypothesis.
b. Using the asymptotic standard error assuming the null hypothesis.

123

Test Design expert level * Cause Effect Graphing
Chi-Square Tests
Value

df

Asymp. Sig.
(2-sided)

Pearson Chi-Square

71.301a

6

.000

Likelihood Ratio

75.648

6

.000

Linear-by-Linear

35.098

1

.000

Association
N of Valid Cases

54

a. 2 cells (16.7%) have expected count less than 5. The minimum expected
count is 1.39.

Symmetric Measures
Value

Approx.
Sig.

Nominal by Nominal

Phi
Cramer's V

1.149

.000

.813

.000

N of Valid Cases

54

a. Not assuming the null hypothesis.
b. Using the asymptotic standard error assuming the null hypothesis.

Test Design expert level * Inspection
Chi-Square Tests
Value

df

Asymp. Sig.
(2-sided)

Pearson Chi-Square

52.067a

6

.000

Likelihood Ratio

58.401

6

.000

Linear-by-Linear

.416

1

.519

Association
N of Valid Cases
54
2 cells (18.3%) have expected count less than 5. The minimum expected count
is 1.83

Symmetric Measures
Value

Approx.
Sig.

Nominal by Nominal

Phi

.982

.000

Cramer's V

.694

.000

N of Valid Cases

54

a. Not assuming the null hypothesis.
b. Using the asymptotic standard error assuming the null hypothesis.
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Test Design expert level * Equivalence Partitioning
Chi-Square Tests
Value

df

Asymp. Sig.
(2-sided)

Pearson Chi-Square

46.741a

6

.000

Likelihood Ratio

54.059

6

.000

Linear-by-Linear

6.461

1

.011

Association
N of Valid Cases

54

a. 2 cells (18.3%) have expected count less than 5. The minimum expected
count is 1.28.
Symmetric Measures
Value
Nominal by Nominal

Approx. Sig.

Phi

.930

.000

Cramer's V

.658

.000

N of Valid Cases

54

a. Not assuming the null hypothesis.
b. Using the asymptotic standard error assuming the null hypothesis.

Test Design expert level * Loop Testing
Chi-Square Tests
Value

df

Asymp. Sig.
(2-sided)

Pearson Chi-Square

63.439a

8

.000

Likelihood Ratio

69.634

8

.000

Linear-by-Linear

19.457

1

.000

Association
N of Valid Cases

54

a. 2 cells (16.7%) have expected count less than 5. The minimum expected
count is 2.83.
Symmetric Measures
Value
Nominal by Nominal

Phi
Cramer's V

N of Valid Cases

Approx. Sig.

1.084

.000

.766

.000

54

a. Not assuming the null hypothesis.
b. Using the asymptotic standard error assuming the null hypothesis.

Test Design expert level * Mutation Testing
Chi-Square Tests
Value

df

Asymp. Sig.
(2-sided)
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Pearson Chi-Square

12.656a

6

.041

Likelihood Ratio

76.008

6

.048

Linear-by-Linear

17.628

1

.051

Association
N of Valid Cases

54

a. 3 cells (24.2%) have expected count less than 5. The minimum expected
count is 1.03.
Symmetric Measures
Value
Nominal by Nominal

Phi
Cramer's V

Approx. Sig.

0.343

.000

.287

.000

N of Valid Cases

54

a. Not assuming the null hypothesis.
b. Using the asymptotic standard error assuming the null hypothesis.

Test Design expert level * State Transition Testing
Chi-Square Tests
Value

df

Asymp. Sig.
(2-sided)

Pearson Chi-Square

34.880a

8

.000

Likelihood Ratio

39.785

8

.000

Linear-by-Linear

12.217

1

.000

Association
N of Valid Cases

54

a. 2 cells (15.9%) have expected count less than 5. The minimum expected
count is 1.28.

Symmetric Measures
Value

Approx.
Sig.

Nominal by Nominal

Phi

.804

.000

Cramer's V

.568

.000

N of Valid Cases

54

a. Not assuming the null hypothesis.
b. Using the asymptotic standard error assuming the null hypothesis.

Test Design expert level * Pair Wise Testing
Chi-Square Tests
Value

df

Asymp. Sig.
(2-sided)

Pearson Chi-Square

26.508a

4

.000

Likelihood Ratio

30.459

4

.000
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Linear-by-Linear

.885

1

.347

Association
N of Valid Cases

54

a. 2 cells (17.5%) have expected count less than 5. The minimum expected
count is1 .56.

Symmetric Measures
Value

Approx.
Sig.

Nominal by Nominal

Phi

.701

.000

Cramer's V

.495

.000

N of Valid Cases

54

a. Not assuming the null hypothesis.
b. Using the asymptotic standard error assuming the null hypothesis.

Test Design expert level * Path Testing
Chi-Square Tests
Value

df

Asymp. Sig.
(2-sided)

Pearson Chi-Square

50.487a

8

.000

Likelihood Ratio

56.481

8

.000

Linear-by-Linear

15.589

1

.000

Association
N of Valid Cases

54

a. 2 cells (13.3%) have expected count less than 5. The minimum expected
count is 1.56.

Symmetric Measures
Value

Approx.
Sig.

Nominal by Nominal

Phi

.967

.000

Cramer's V

.684

.000

N of Valid Cases

54

a. Not assuming the null hypothesis.
b. Using the asymptotic standard error assuming the null hypothesis.

Test Design expert level * Random Testing
Chi-Square Tests
Value

df

Asymp. Sig.
(2-sided)

Pearson Chi-Square

28.727a

8

.000

Likelihood Ratio

32.610

8

.000
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Linear-by-Linear

9.448

1

.002

Association
N of Valid Cases

54

a. 1 cells (10.1%) have expected count less than 5. The minimum expected
count is 1.28.

Symmetric Measures
Value

Approx.
Sig.

Nominal by Nominal

Phi

.729

.000

Cramer's V

.516

.000

N of Valid Cases

54

a. Not assuming the null hypothesis.
b. Using the asymptotic standard error assuming the null hypothesis.

Test Design expert level * Statement Coverage
Chi-Square Tests
Value

df

Asymp. Sig.
(2-sided)

Pearson Chi-Square

47.812a

6

.000

Likelihood Ratio

53.738

6

.000

Linear-by-Linear

12.373

1

.000

Association
N of Valid Cases

54

a. 1 cells (13.3%) have expected count less than 5. The minimum expected
count is 2.28.

Symmetric Measures
Value

Approx.
Sig.

Nominal by Nominal

Phi

.941

.000

Cramer's V

.665

.000

N of Valid Cases

54

a. Not assuming the null hypothesis.
b. Using the asymptotic standard error assuming the null hypothesis.

Test Design expert level * Use Case Testing
Chi-Square Tests
Value

df

Asymp. Sig.
(2-sided)

Pearson Chi-Square

34.228a

6

.000

Likelihood Ratio

39.049

6

.000
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Linear-by-Linear

5.244

1

.022

Association
N of Valid Cases

54

a. 2 cells (15.1%) have expected count less than 5. The minimum expected
count is 1.56.

Symmetric Measures
Value

Approx.
Sig.

Nominal by Nominal

Phi

.796

.000

Cramer's V

.563

.000

N of Valid Cases

54

a. Not assuming the null hypothesis.
b. Using the asymptotic standard error assuming the null hypothesis.

Test Design expert level * Control Flow Testing
Chi-Square Tests
Value

df

Asymp. Sig.
(2-sided)

Pearson Chi-Square

55.264a

6

.000

Likelihood Ratio

63.135

6

.000

Linear-by-Linear

10.488

1

.001

Association
N of Valid Cases

54

a. 7 cells (18.3%) have expected count less than 5. The minimum expected
count is 1.83.

Symmetric Measures
Value

Approx.
Sig.

Nominal by Nominal

Phi
Cramer's V

1.012

.000

.715

.000

N of Valid Cases

54

a. Not assuming the null hypothesis.
b. Using the asymptotic standard error assuming the null hypothesis.

Test Design expert level * Model Based Testing
Chi-Square Tests
Value

df

Asymp. Sig.
(2-sided)

Pearson Chi-Square

90.619a

6

.000

Likelihood Ratio

97.056

6

.000
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Linear-by-Linear

34.145

1

.000

Association
N of Valid Cases

54

a. 3 cells (23.3%) have expected count less than 5. The minimum expected
count is 1.67.

Symmetric Measures
Value

Approx.
Sig.

Nominal by Nominal

Phi
Cramer's V

0.895

.000

.762

.000

N of Valid Cases

54

a. Not assuming the null hypothesis.
b. Using the asymptotic standard error assuming the null hypothesis.

Test Design expert level * Informal Reviews
Chi-Square Tests
Value

df

Asymp. Sig.
(2-sided)

Pearson Chi-Square

58.554a

6

.000

Likelihood Ratio

65.910

6

.000

Linear-by-Linear

1.929

1

.165

Association
N of Valid Cases

54

a. 3 cells (22.7%) have expected count less than 5. The minimum expected
count is 1.56.

Symmetric Measures
Value

Approx.
Sig.

Nominal by Nominal

Phi
Cramer's V

1.041

.000

.736

.000

N of Valid Cases

54

a. Not assuming the null hypothesis.
b. Using the asymptotic standard error assuming the null hypothesis.

Test Design expert level * Walkthroughs
Chi-Square Tests
Value

df

Asymp. Sig.
(2-sided)

Pearson Chi-Square

24.740a

4

.000

Likelihood Ratio

28.111

4

.000
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Linear-by-Linear

2.023

1

.155

Association
N of Valid Cases

54

a. 2 cells (16.7%) have expected count less than 5. The minimum expected
count is 1.67.

Symmetric Measures
Value

Approx.
Sig.

Nominal by Nominal

Phi

.677

.000

Cramer's V

.479

.000

N of Valid Cases

54

a. Not assuming the null hypothesis.
b. Using the asymptotic standard error assuming the null hypothesis.

Test Design expert level * Technical Reviews
Chi-Square Tests
Value

df

Asymp. Sig.
(2-sided)

Pearson Chi-Square

29.636a

6

.000

Likelihood Ratio

33.280

6

.000

Linear-by-Linear

1.034

1

.309

Association
N of Valid Cases

54

a. 2 cells (17.50%) have expected count less than 5. The minimum expected
count is 2.28.

Symmetric Measures
Value

Approx.
Sig.

Nominal by Nominal

Phi

.741

.000

Cramer's V

.524

.000

N of Valid Cases

54

a. Not assuming the null hypothesis.
b. Using the asymptotic standard error assuming the null hypothesis.

Test Design expert level * LCSAJ Testing
Chi-Square Tests
Value

df

Asymp. Sig.
(2-sided)

Pearson Chi-Square

65.448a

8

.000

Likelihood Ratio

74.754

8

.000
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Linear-by-Linear

21.292

1

.000

Association
N of Valid Cases

54

a. 1 cells (7.3%) have expected count less than 5. The minimum expected
count is 2.56.

Symmetric Measures
Value

Approx.
Sig.

Nominal by Nominal

Phi
Cramer's V

1.101

.000

.778

.000

N of Valid Cases

54

a. Not assuming the null hypothesis.
b. Using the asymptotic standard error assuming the null hypothesis.

12.3.3 Test execution expert level VS Test execution techniques
importance with respect to KM
Test Execution expert level * Exploratory Testing
Chi-Square Tests
Value

df

Asymp. Sig.
(2-sided)

Pearson Chi-Square

36.818a

6

.000

Likelihood Ratio

44.156

6

.000

Linear-by-Linear

6.538

1

.011

Association
N of Valid Cases

54

a. 7 cells (58.3%) have expected count less than 5. The minimum expected
count is .56.

Test Execution expert level * Error Guessing Testing
Chi-Square Tests
Value

df

Asymp. Sig.
(2-sided)

Pearson Chi-Square

24.905a

4

.000

Likelihood Ratio

29.842

4

.000

Linear-by-Linear

1.353

1

.245

Association
N of Valid Cases

54
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a. 6 cells (66.7%) have expected count less than 5. The minimum expected
count is .37.

Test Execution expert level * Ad-Hoc Testing
Chi-Square Tests
Value

df

Asymp. Sig.
(2-sided)

Pearson Chi-Square

15.709a

2

.000

Likelihood Ratio

18.893

2

.000

Linear-by-Linear

.964

1

.326

Association
N of Valid Cases

54

a. 3 cells (50.0%) have expected count less than 5. The minimum expected
count is 1.67.

Test Execution expert level * Negative Testing
Chi-Square Tests
Value

df

Asymp. Sig.
(2-sided)

Pearson Chi-Square

31.699a

6

.000

Likelihood Ratio

38.197

6

.000

Linear-by-Linear

3.632

1

.057

Association
N of Valid Cases

54

a. 7 cells (58.3%) have expected count less than 5. The minimum expected
count is .37.

Test Execution expert level * Fuzz Testing
Chi-Square Tests
Value

df

Asymp. Sig.
(2-sided)

Pearson Chi-Square

47.285a

8

.000

Likelihood Ratio

54.315

8

.000

Linear-by-Linear

24.538

1

.000

Association
N of Valid Cases

54

a. 10 cells (66.7%) have expected count less than 5. The minimum expected
count is .19.
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12.3.4 Test result analysis expert level of respondents VS Test result
analysis techniques Importance in the context of KM
Test result analysis expert level * Fault Tree Analysis
Chi-Square Tests
Value

df

Asymp. Sig.
(2-sided)

Pearson Chi-Square

51.429a

6

.000

Likelihood Ratio

53.073

6

.000

Linear-by-Linear

5.989

1

.014

Association
N of Valid Cases

54

a. 1 cells (15.0%) have expected count less than 5. The minimum expected
count is 1.26.

Symmetric Measures
Value

Approx.
Sig.

Nominal by Nominal

Phi

.976

.000

Cramer's V

.690

.000

N of Valid Cases

54

a. Not assuming the null hypothesis.
b. Using the asymptotic standard error assuming the null hypothesis.

Test result analysis expert level * Pareto Analysis
Chi-Square Tests
Value

df

Asymp. Sig.
(2-sided)

Pearson Chi-Square

82.286a

8

.000

Likelihood Ratio

87.761

8

.000

Linear-by-Linear

24.992

1

.000

Association
N of Valid Cases

54

a. 1 cells (13.3%) have expected count less than 5. The minimum expected
count is 1.78.

Symmetric Measures
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Value

Approx.
Sig.

Nominal by Nominal

Phi
Cramer's V

1.234

.000

.873

.000

N of Valid Cases

54

a. Not assuming the null hypothesis.
b. Using the asymptotic standard error assuming the null hypothesis.

Test result analysis expert level * Cause Effect Analysis
Chi-Square Tests
Value

df

Asymp. Sig.
(2-sided)

Pearson Chi-Square

34.449a

6

.000

Likelihood Ratio

34.294

6

.000

Linear-by-Linear

5.715

1

.017

Association
N of Valid Cases

54

a. 1 cells (15.0%) have expected count less than 5. The minimum expected
count is .26.

Symmetric Measures
Value

Approx.
Sig.

Nominal by Nominal

Phi

.799

.000

Cramer's V

.565

.000

N of Valid Cases

54

a. Not assuming the null hypothesis.
b. Using the asymptotic standard error assuming the null hypothesis.

Test result analysis expert level * Root Cause Analysis
Chi-Square Tests
Value

df

Asymp. Sig.
(2-sided)

Pearson Chi-Square

42.725a

6

.000

Likelihood Ratio

42.838

6

.000

Linear-by-Linear

9.839

1

.002

Association
N of Valid Cases

54

a. 1 cells (10.0%) have expected count less than 5. The minimum expected
count is 1.26.
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Symmetric Measures
Value

Approx.
Sig.

Nominal by Nominal

Phi

.889

.000

Cramer's V

.629

.000

N of Valid Cases

54

a. Not assuming the null hypothesis.
b. Using the asymptotic standard error assuming the null hypothesis.

Test result analysis expert level * Failure Mode and Effect Analysis
Chi-Square Tests
Value

df

Asymp. Sig.
(2-sided)

Pearson Chi-Square

64.000a

6

.000

Likelihood Ratio

70.006

6

.000

Linear-by-Linear

16.921

1

.000

Association
N of Valid Cases

54

a. 2 cells (18.3%) have expected count less than 5. The minimum expected
count is 1.52.

Symmetric Measures
Value

Approx.
Sig.

Nominal by Nominal

Phi
Cramer's V

1.089

.000

.770

.000

N of Valid Cases

54

a. Not assuming the null hypothesis.
b. Using the asymptotic standard error assuming the null hypothesis.

12.3.5 Test result analysis expertise VS Knowledge that is required in
Test result analysis techniques

Test result analysis expert level * Fault Tree Analysis
Chi-Square Tests
Value

df

Asymp. Sig.
(2-sided)

Pearson Chi-Square

10.135a

4

.004
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Likelihood Ratio

10.417

4

.003

Linear-by-Linear

6.351

1

.003

Association
N of Valid Cases

54

a. 1 cells (15.6%) have expected count less than 5. The minimum expected
count is 2.07.

Symmetric Measures
Value

Approx.
Sig.

Nominal by Nominal

Phi

.388

.004

Cramer's V

.374

.004

N of Valid Cases

54

a. Not assuming the null hypothesis.
b. Using the asymptotic standard error assuming the null hypothesis.

Test result analysis expert level * Pareto Analysis
Chi-Square Tests
Value

df

Asymp. Sig.
(2-sided)

Pearson Chi-Square

16.744a

6

.034

Likelihood Ratio

18.518

6

.023

Linear-by-Linear

14.027

1

.045

Association
N of Valid Cases

54

a. 1 cells (10.0%) have expected count less than 5. The minimum expected
count is 1.26.

Symmetric Measures
Value

Approx.
Sig.

Nominal by Nominal

Phi

.353

.034

Cramer's V

.350

.034

N of Valid Cases

54

a. Not assuming the null hypothesis.
b. Using the asymptotic standard error assuming the null hypothesis.

Test result analysis expert level * Cause Effect Analysis
Chi-Square Tests
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Value

df

Asymp. Sig.
(2-sided)

Pearson Chi-Square

17.046a

6

.031

Likelihood Ratio

17.582

6

.027

Linear-by-Linear

13.560

1

.059

Association
N of Valid Cases

54

a. 1 cells (15.0%) have expected count less than 5. The minimum expected
count is 2.26.

Symmetric Measures
Value

Approx.
Sig.

Nominal by Nominal

Phi

.361

.031

Cramer's V

.355

.031

N of Valid Cases

54

a. Not assuming the null hypothesis.
b. Using the asymptotic standard error assuming the null hypothesis.

Test result analysis expert level * RCA
Chi-Square Tests
Value

df

Asymp. Sig.
(2-sided)

Pearson Chi-Square

10.253a

4

.004

Likelihood Ratio

10.762

4

.004

Linear-by-Linear

5.059

1

.004

Association
N of Valid Cases

54

a. 1 cells (15.6%) have expected count less than 5. The minimum expected
count is 1.78.

Symmetric Measures
Value

Approx.
Sig.

Nominal by Nominal

Phi

.391

.008

Cramer's V

.376

.008

N of Valid Cases

54

a. Not assuming the null hypothesis.
b. Using the asymptotic standard error assuming the null hypothesis.

Test result analysis expert level * Failure Mode and Effect Analysis
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Chi-Square Tests
Value

df

Asymp. Sig.
(2-sided)

Pearson Chi-Square

13.052a

6

.047

Likelihood Ratio

13.364

6

.048

Linear-by-Linear

6.657

1

.031

Association
N of Valid Cases

54

a. 1 cells (10.0%) have expected count less than 5. The minimum expected
count is 1.26.

Symmetric Measures
Value

Approx.
Sig.

Nominal by Nominal

Phi

.452

.087

Cramer's V

.320

.087

N of Valid Cases

54

a. Not assuming the null hypothesis.
b. Using the asymptotic standard error assuming the null hypothesis.
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12.4 Appendix D
Survey Questionnaire
Hello,
I am Thrinay Garrepalli pursuing Master's in Software Engineering at Blekinge
Institute of Technology, Sweden. As a part of my Master Thesis, this research is
conducted to understand and identify the applicability of Knowledge Management
(KM) in Software Testing. The research intends to identify which software technique
utilize KM practices, such as
 Knowledge capturing- Acquiring and storing testing personnel knowledge,
 Knowledge retrieval- Retrieving testing personnel knowledge through
knowledge stored in documents,
 Knowledge packing- Packing the relevant testing knowledge of individuals
involved in testing.
 Knowledge Dissemination- Spreading the test knowledge among each of the
testing individuals in the organization
And which testing technique requires what kind of knowledge such as
 Tacit (Knowledge based on experience and is subjective part of knowledge
which cannot be documented),
 Explicit (Knowledge that can be documented and can be accessed by multiple
individuals).
A part from this, the current research intends to find out about the various
challenges faced by practitioners due to lack of KM practices. This Questionnaire is a
part of an extensive survey that is designed to understand the perception of practices
about the applicability/Implementation of KM in Software Testing. By participating in
this survey, you can help in contributing to the global body of Software Testing
practitioners and help them in using KM practices to improve the Testing process such
as making it even more efficient/easier and also to provide organizations to be aware of
storing Tacit Knowledge.
I appeal you to take part in this survey by answering the questionnaire which takes
around 13-15 minutes to fill in. I would likewise request you to transfer this poll to
different individuals of your software groups in which you work, and urge them to
participate too.
All your responses would be kept highly confidential. The results of the survey will
be segregated in a manner than an organization won't be identified. Interested
participants can enter their mail, in order to send the survey results to you once they are
summarized. In case of any queries regarding the questionnaire, you are more than
welcome to contact ne via email gave underneath.
Much thanks in advance for your co-operation and participation in this survey.
Email id: thrinaygarrepalli@yahoo.com
Contact Number: +46-738096596.
1. Your role in the organization *
(Select relevant options)
Knowledge Engineers
Software Tester
Quality Manager
Team Lead
Quality Analyst
Project Manager
Researcher under the field of KM in software testing
Process Engineer
Process Manager
Test Analyst
Test Designer
Knowledge Analyst
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Test Manager
Others please specify ____________
2. How would you assess your Software Testing Knowledge *
(Select any one option)
None
Novice
Moderate
Skilled
Expert
3. How long have you been involved in software testing? *
(Select any one option)
Not involved in testing
Less than 1 year
1-2 years
3-5 years
More than 5 years
4. In case if you are involved in Software Testing, Is it a full-time or part-time? *
(Select any one option)
Part-time
Full-time
Others please specify ____________
5. How would you rate your test expert level for each of the software testing process
on a scale of 1 to 5 * (1 indicating Very Low and 5 indicating Very High)
(Select one option for each row)
1
2
3
4
5
Test Estimation
Test Planning
Test design
Test execution
Defect
Management
Test
result
analysis
6. For the purpose of this survey, KM is defined as "a method that simpliﬁes the
process of sharing, distributing, creating, capturing and understanding of a
company’s or individual knowledge". From the scale below rate below your
familiarity with the concept of Knowledge Management *
(Select one option for this row)
Very Low
Low
Moderate
High
Very High
Scale
7. Does the organization where you have been involved in Software Testing
implement KM practices or KM strategies in Software Testing? *
(Select any one option)
Yes
No
8. According to you, in which Software Testing aspects is KM more useful? *
(Select one option for each row)
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Very
Important

Important

Moderate

Not
Important

Test planning
Test case design
Test code
Testing phase
Testing type
Testing technique
Test execution
Test result analysis
Testing resources
9. Kindly check the test design techniques mentioned below and list in which
technique is knowledge management (to be specific knowledge capturing,
knowledge storing of individuals) more useful. In addition which type of
knowledge is required while implementing that technique? (Kindly mark both i.e.
Importance and Knowledge required) *
(Select options that are relevant)
Very
Important

Important

Somewhat
Important

Not
Import
ant

Tacit

Explicit

Both

Not
Known

Cause-effect graphing
(A black box test
design technique in
which test cases are
designed from
Cause-effect graphs.)
Boundary
value
analysis (tests are
designed to include
representatives
of
boundary values)
Condition coverage
(each condition is
executed by making it
true and false, in each
of the ways at least
once)
Decision
Coverage
(each
condition/decision is
executed by setting it
on true/false)
Data flow testing (test
cases are designed to
execute
definition-use pairs of
variables)
Inspection (type of
peer review that relies
on visual examination
of documents to detect
defects)
Control flow testing
(test
cases
are
designed to
execute
specific
sequences of events)
Equivalence
partitioning (test cases
are designed to
execute
representatives from
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equivalence
partitions)
Model-based testing
(Test cases based on a
model
of
the
component or system
under test, e.g.,
reliability
growth
models, usage models
such as operational
profiles or behavioral
models such
as decision table or
state
transition
diagram)
Loop testing (tests that
are
designed
to
validate the loops such
as
nested
loops,
simple loops etc.)
Mutation
testing
(testing
which
involves modifying
source code in small
ways in order to test
sections of the code
that are seldom or
never accessed during
normal
tests
execution.)
State transition testing
(test
cases
are
designed to
execute valid and
invalid
state
transitions)
Pair wise testing (allpairs testing is a
combinatorial method
of software testing
that, for each pair of
input parameters to a
system (typically, a
software algorithm),
tests all possible
discrete combinations
of those parameters.)
Path testing (testing
which has the goal to
satisfy
coverage
criteria
for
each
logical path through
the program)
Random
testing
(testing
technique
where programs are
tested by generating
random, independent
inputs)
Statement Coverage
testing (testing which
satisfies the criterion
that each statement in
a program is executed
at least once)
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Use-case
testing
testing(test cases are
designed to execute
scenarios of use cases)
Informal
reviews
(Reviews based on a
documented
procedure)
Walkthroughs(A stepby-step presentation
by the author of a
document in order to
gather information
and to establish a
common
understanding of its
content)
Technical Reviews (A
peer group discussion
activity that focuses
on
achieving
consensus on the
Technical approach to
be taken.)
LCSAJ testing (test
cases are designed to
execute Linear Code
Sequence and Jump)

10. Mention software test design techniques (if any) rather than the above mentioned
(Please categorize them based on Knowledge such as Tacit or Explicit or Both as
well as) *

11. Kindly check the test execution techniques mentioned below and list in which
technique is knowledge management (to be specific knowledge capturing,
knowledge storing of individuals) more useful. In addition which type of
knowledge is required while implementing that technique? (Kindly mark both i.e.
Importance and Knowledge required) *
(Select options that are relevant)
Very
Important

Important

Somewhat
Important

Not
Import
ant

Tacit

Explicit

Both

Not
Known

Exploratory
(tester actively
controls the
design
of the tests as
those tests are
performed and
uses
information
gained while
testing to
design new
and better
tests)
Error-guessing
(experience of
the tester is
used to
anticipate what
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defects might
be present in
the component
or system
under test as a
result of errors
made, and to
execute tests
specifically to
expose them)
Ad-hoc testing
(Testing
carried out
informally; no
formal test
preparation
takes place, no
recognized
test design
technique is
used, there are
no
expectations
for results and
arbitrariness
guides the test
execution
activity)
Negative
testing (Tests
aimed at
showing that a
component or
system does
not work)
Fuzz Testing
(technique
used to
discover
coding errors
and security
loopholes in
software,
operating
systems or
networks by
inputting
massive
amounts of
random data,
called fuzz, to
the system in
an attempt to
make it crash.)

12. Mention software test execution techniques (if any) rather than the above
mentioned (Please categorize them based on Knowledge such as Tacit or Explicit
or Both as well as) *
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13. Kindly check the test result analysis techniques mentioned below and list in which
technique is knowledge management (to be specific knowledge capturing,
knowledge storing of individuals) more useful. In addition which type of
knowledge is required while implementing that technique? (Kindly mark both i.e.
Importance and Knowledge required)
(Select relevant options) *
Very
Important

Important

Somewhat
Important

Not
Important

Tacit

Explicit

Both

Pareto analysis
(technique in
decision making
and during
analysis of results
used for selection
of a limited
number of factors
that produce
significant
overall effect.)
Cause-effect
analysisFishbone diagram
(Technique that
helps you
identify all the
likely causes of
the problem
being faced)
Fault tree
analysis
(Techniques used
to analyze the
causes of faults)
Root cause
analysis (analysis
technique aimed
at identifying the
root causes of
defects)
Failure mode and
effect analysis (
approach to risk
identification and
analysis of
identifying
possible modes
of failure and
attempting to
prevent their
occurrence)

14. Mention software test result analysis techniques (if any) rather than the above
mentioned (Please categorize them based on Knowledge such as Tacit or Explicit
or Both as well as) *

15. Please specify if the following challenges are faced in organization due to lack of
Knowledge Management practices in software testing *
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Not
Known

(Select relevant option)
Less re-use of software testing knowledge by the practitioners
Barriers in transferring software testing knowledge between the testing
practitioners
Poor sharing environment for software testing knowledge
Difficulties in achieving most optimum distribution of human resources
Serious loss of Software Testing Knowledge
Determining whether adequate testing has been done
Documentation is not being updated
Troubleshooting documentation was inaccurate
Schedule and release information from the testing organization to development
found to be insufficient
Determining what to say when the testing is completed (Proceed further or not
to proceed)
Improper selection and application of better suited technique
Increase in cost and time
Decrease in test effectiveness
Lacked practices for logging and tracking in testing
Less exchange requirements knowledge to testers and not using the fullest
Unclear in identifying whether most crucial aspects of test components are
tested
Testing knowledge not properly considered in test planning
Less support for decision making
Missing of high severity defect detection
Lacking test technique skills
Determining whether or not the outputs are correct
Difficulties in achieving test coverage-Number of test cases
Others please specify __________
16. Challenges due to lack of KM (If any), In case if the space is not sufficient in the
previous question *
17. Kindly, specify any additional comments on why you might have considered
specific testing aspect or testing technique as important/Not Important

18. Please provide your e-mail if you wish to have the results of survey. Your details
will not be disclosed elsewhere *
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12.5 Appendix E
Re-Joinder
This section contains the opposition report written by Lavanya Pampana Vinod.
The opposition report contains are included as received from Lavanya. However, I have
changed the original format and the table numbers of her report so as to be consistent
with this thesis report's format. In addition, my comments are provided wherever
required in courier new font.
Note: The references provided in this section refers to the actual reference section
provided by the opponent at the end.
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- -Opposition of degree project
PA2534/2535: Master Thesis in Software Engineering:
Knowledge Management in Software Testing
Name: Lavanya Pampana Vinod, Swedish Personal Number: 930103-1606, Email:
lapa14@student.bth.se.
1. Introduction
This report provides the critical review for the master thesis titled; “Knowledge
Management in Software Testing” presented Thrinay Garrepalli under supervision of
Dr. Krzysztof Wunk. The main purpose of this document is to help the author improve
his document. Further, by following suggested changes readers can gain better grasp of
the topic.
In the reminder of the document, critical review for each section of the thesis
document is provided in Section 2. Further, Section 2 discusses the required changes
that will improve the quality of the thesis document. Section 4 details about the
recommended changes which are majorly optional changes to be made in the thesis
document.
2. Critical review
This study throws light on implementing Knowledge Management (KM) in
software testing. The author argues the need for studying testing aspects and techniques
from the context of knowledge management. Systematic literature review (SLR) and
survey was conducted to gather results for the study. SLR helped in identifying different
aspects and testing techniques pertaining to knowledge management in software testing.
In addition, it helped in gathering challenges. Survey added to the existing findings of
literature. 22 new challenges were found by conducting survey. Moreover the
importance of various testing aspects and testing techniques (design, execution and
analysis) were provided in the context of KM.
From an overall perspective, the document was well written. The document covers
a wide range of topics. There are many interesting challenges that are found from
survey. It is great value addition to the knowledge management field. However, there
were issues with tenses, framing of sentences. The flow could have been improved.
The important factors by which the document was scrutinized are given in Table 63
and the overall review of the document is provided in Table 64.

Table 63 Factors
ID
F001
F002
F003
F004
F005
F006

Factors
Motivation, Justification of choice
Flow, Lucid style of writing, Grammatical issues
Redundant information
Structure of document
Credibility and reliability of arguments
Expected content for each section in the document
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On critically analyzing the document, the following details are observed:

Table 64 Sections of document
Sections of
document
Abstract

Introduction

Background

Research design

Research
methodology

Details/ Changes
On the whole the abstract is well explained by detailing on the important context,
objectives, methods, results and conclusions. However, there is a need for re-phrasing
sentences so that a better flow develops in the text (Sentences were re-checked
and are written such that a flow develops in the text). The
software techniques (I do not think that any definition of testing
techniques is to be provided because a reader with minimum
knowledge under testing can easily understand what testing
techniques are) and aspects (Testing aspects definition is
provided in Abstract in context as well as in Introduction
in Page 2) could have further been explained to eliminate the ambiguity in readers.
Method section could solely contribute to describing further details about methods, thereby
creating a crisp distinction between the sections methods and results. (The number of
papers found was described in the methods section that could be pushed to results section).
(Results provided in methods section were shifted to results
section in the abstract)
There is further need for improving the quality of texts. Motivation for need for software
testing can be further provided (Motivation was provided on how Software
testing benefits based on KM in Introduction in Page 1
(Paragraph 1, 2, 3). Knowledge management has been extensively motivated.
The need for knowledge management in testing is also discussed clearly in the texts.
A sub-section “What happens in software testing” provided an interesting perspective on
the same matter re-initiating the need for knowledge management in software testing.
However, an additional suggestion would be to summarize the related work in the form of
a table (I do not think that summarizing the related work in a
tabular form is a nice choice, because it makes the document
redundant by mentioning the same things again and again).
Interestingly, a section collates the research gaps (three) from the literature. Author could
have further motivated the need for the study instead of superficial statements.
(Motivated why the third research gap was chosen Refer
Section 2.1.4 (Page 10, Paragraph 2))
A prime suggestion on my account would be to either merge this section along with
Introduction or Research methodology. Or completely omit this section as it does not
potentially contribute any information but serves as redundant information (As the
research design claims about how the research is carried out
along with the aims and objectives that are to be achieved,
I don’t think that merging this section with the Introduction
or research methodology section is not felt to be reliable,
Since, in introduction section, we will be dealing in a brief
note of the research context along with few related work and
in research methodology section we will be dealing with the
methods used to obtain the objectives. That was the reason
why a separate section named research design was included).
Further, terminology can be merged with Acronym section in the start (Added in the
start before Introduction).
For SLR, snowballing approach has been adopted. Author fails to explain how he
motivates for the researcher bias accounted in snowball approach i.e. Author claimed that
“a review protocol was made and has been assessed by the supervisor who also has taken
the role of Quality assurance”, does that mean the supervisor has taken a role of assessing
the quality of papers obtained from review? (Yes, refer Section 6.4 under
Internal validity threats which deals about the various
aspects considered for review protocol and how each of them
were assessed by supervisor to minimize the bias) Further, author
uses a wrong terminology of “Industrial Survey” whereas what is performed is a web based
survey (Changed in the entire thesis to Web-based survey since
4% of the respondents were researchers and 96% were from
industry, it cannot completely be called as Industrial
survey). In the sub-sections named narrative, comparative and statistical, examples of
how the analysis has been carried out for the study can be explained (It was clearly
stated on how the analysis was carried out and what exactly
does these analysis methods really deal with. For example:
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Description
of
research
methodology

Results
and
analysis
of
literature review
Results
and
analysis of survey
Limitations

Research
questions
visited

re-

Conclusion

Future work

It was clearly explained on how the chi-square test is being
carried out (The reader can check in Page number 16, 17 and
18 of the thesis document on how each analysis method was
applied in the thesis context). In addition it was changed
for both Comparative analysis and narrative analysis, Refer
Section 4.3.1 and Section 4.3.2 which deals with why and How
analysis was carried out). Also, the sub-section “Alternate analysis method”
can be merged with the previous sections by providing motivations for the above.
(alternate analysis method states on what are the other
possible analysis methods are present and why they are not
considered, So I don’t consider it to be merged)
Redundant section. This section can be merged along with “Research methodology”
section (Firstly, in research methodology section, it was stated
on why the specific research methodologies such as
“Systematic
Literature
Review”
using
snowballing
was
considered and why “Industrial survey” was chosen. In
description of research methodology, how the research
methodologies are carried out is dealt. So, I don’t think
that merging both of the sections is a reliable step.). Figure
4 could have further been improvised (It was shown in a stepwise manner
and changed accordingly for a reader to understand, Refer
Figure 4 for further information). Section 5.6 “Mapping research questions
and research methodology” is yet again a redundant section that can be merged with other
sections (Since it clearly states in a summarized manner of what
research methodology is being carried out for each of the
research question and thus was not considered to be removed).
The commendable areas in the section are: Data extraction form and mapping to RQ’s have
been presented. Further, quality assessment criteria are also discussed. Table 6 clearly
explains the mapping of research questions to survey questions.
NIL
Images can be re-sized and proper space can be provided. (Rechecked the figures
and made changes wherever is thought such that it does not
exceed the content and font size was linearly adjusted all
through the figures)
Threats to validity for literature has been discussed in section “Description of research
methodology” while the threats to validity for survey is discussed in this section.
Consistency must be ensured by the author. (Threats to validity of
Literature review are provided right after the results
section of literature review (Refer Section 6.4) and the same
was done with the threats to validity of Survey (Refer Section
8))
This section can be merged with conclusion by providing answers to RQ’s in short. (In
conclusions, entire findings were briefly summarized along
with the discussions part, In addition, answers for each RQ
were precisely provided without any redundancy. So I do not
think merging both the sections is fruitful)
The section “What makes this research different” can be renamed to “Contribution to
research”. (A clear note for the content in Section 10.1 is felt
as
What
makes
this
research
different
rather
than
contribution to the thesis, thus it was not changed)
Since, the length of text is Future work is less, it can be merged with Conclusion Section.
(Merged with Conclusion Section, Refer Section 10.2)

3. Required Changes
 The introduction could have been improved further. Motivation for the
need for the need for software testing could be further added. (Added
Refer Page 1 (Paragraph 1, 2 and 3))
 Data extraction form could be added to the document. (False claim
(It was already added in the document before, Refer
Table 5 which details about data extraction
strategy and the attributes considered for data
extraction form and how they are mapped with the
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research questions was also clearly explained)),
In addition the opponent in Description of research
methodology row, stated that data extraction form
was included and claimed to have a commendable area
and here the claim was oppositely said)
 Too much of text, it can be minimized. (Minimized by deleting
redundant statements all through the document)
 Reference style can be improved. (IEEE format was provided
and was clearly referred. For example: If two
authors were there for a document X1 and X2 was
provided and If there are more than 2 than X et
al. was written all through the document. (X refers
to Authors name))
 Specific motivation for research question can be provided though overall
motivation is provided in the text. This will help the reader understand the
text. (Clear motivation for each research question
was individually stated, Refer Section 3.2 for
further information)
 Answers to research questions can be merged in conclusion section. (In
conclusions,
entire
findings
were
briefly
summarized along with the discussions part, In
addition, answers for each RQ were precisely
provided without any redundancy. So I do not think
merging both the sections is fruitful)
 There is a scope of adding an additional research question for RQ1 to
specify the importance of testing aspects rather than just asking about the
aspects of software testing that gain much attention while KM is applied.
(Much attention itself indicates the aspects that
are considered to be important and thus was not
considered)
 There is a need for eliminating the KM aspects, tools and technologies
which was being dealt in the results section as it seems to be redundant.
(Since, for a reader to understand about various
KM aspects being focused in the context of software
testing, it is clear to deal with each of the aspect
being addressed in the papers along with the tools
and technologies that support them and thus was not
considered)
 In Conclusions section, it is better if the author states that there existed a
significant relationship in between the categories and mention the “p value”
and “Cramer’s V” value (Since it was dealt in the document and was not
being addressed in the conclusions). (Since, there are more
mathematical values, it was thus felt not to write
on each of the p values obtained along with the
Cramer’s V value because of the reason that author
have obtained 39 different values and mentioning
each of them makes it complex for a reader to
understand in the conclusions section)
4. Recommended Changes


Comma can be removed from the statement: “There are numerous benefits
of actualizing KM in software testing such as [4][5][10][11],” (Page 11 –
Introduction section). (Considered and changed, Refer
Section 1 (Page 1))
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The following sentence requires re-phrasing: “Moreover, notwithstanding
the product, achieving quality is not a simple task.” (Page 11- Introduction
section) (The sentence was removed from the document
since it was thought not that relevant)
 The following sentence can be re-framed: “Therefore to rectify it, a review
protocol was made and has been assessed by the supervisor who also has
taken the role of quality assurance.” (Reframed, refer Section
6.4 under Internal Validity threats)
 Validity threats for both SLR and Survey are discussed in two different
sections i.e. “Description of research methodology” and “Limitations”,
which seems to be quite inconsistent and the author needs to re-check it.
(Threats to validity of Literature review are
provided right after the results section of
literature review (Refer Section 6.4) and the same
was done with the threats to validity of Survey
(Refer Section 8))
Overall, the thesis adds a great body of knowledge to testing field and have
answered many “So what?” questions.
5.

Examiner and Supervisor Comments






What are testing aspects? (Explained in Abstract and
Introduction (Refer Section 1 (Page 2, Paragraph
2)) for further information)
Would you get different results if the sample is 10 times bigger (This is
a limitation for the thesis and there are
possibilities that the results may vary if the
sample is 10 times big, Refer Section 8.1 (Research
Question 1) for further information).
How come Static techniques are not considered as Important in spite of the
fact that Informal reviews require knowledge to be executed in real world
context (The reason for this was stated in Section
7.4.1.1 under Discussions (Page 81)).
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