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To reduce costs and improve organizational e - ciency, the adoption of innovative services such as Cloud services is the current trend in today’s
highly competitive global business venture. e aim of the study is to guide the software development organization (SDO) for Cloud-based
testing (CBT) adoption. To achieve the aim, this study rst explores the determinants and predictors of Cloud adoption for software testing.
Grounded on the collected data, this study designs a technology acceptance model using fuzzy multicriteria decision-making (FMCDM)
approach. For the stated model development, this study identi es a list of predictors (main criteria) and factors (subcriteria) using systematic
literature review (SLR). In the results of SLR, this study identi es seventy subcriteria also known as in uential factors (IFs) from a sample of
136 papers. To provide a concise understanding of the facts, this study classi es the identi ed factors into ten predictors. To verify the SLR
results and to rank the factors and predictors, an empirical survey was conducted with ninety- ve experts from twenty di erent countries. e
application value in the industrial eld and academic achievement of the present study is the development of a general framework in-
corporating fuzzy set theory for improving MCDM models. e model can be applied to predict organizational Cloud adoption possibility
taking various IFs and predictors as assessment criteria. e developed model can be divided into two main parts, ranking and rating. To
measure the success or failure contribution of the individual IFs towards successful CBT adoption, the ranking part of the model will be used,
while for a complete organizational assessment in order to identify the weak area for possible improvements, the assessment part of the model

will be used. Collectively, it can be used as a decision support system to gauge SDO readiness towards successful CBT.

1. Introduction

Over the past decades, software applications are becoming
complex, dynamic, component based, and distributed,
therefore making software testing a challenging task [1].
Industry reports show that software of 20,000 lines of code
might take seven weeks of uninterrupted execution for a
thorough regression test [2]. Many software development
organizations (SDOs) consider test process automation to
shorten development cycle and decrease testing costs [3].
Moreover, it is time-consuming and laborious to conduct
some types of testing manually like regression testing, while

through test automation, they can be performed e ciently [4].
Once tests have been automated, they can be run repeatedly and
quickly. Test automation also proves to be an economical
method for the regression testing of software with lengthy
maintenance spell [4]. However, this type of testing demands
huge investment from an SDO on various testing tools and
related resources which may go out of use over a period of time
because technology and application advance over time. Since
SDO is supposed to retain pace with the industrial changes, SDO
nds it hard and unfeasible to upgrade them every time [2].

Due to the essential value-added feature of Cloud

Computing (CC), paradigms such as on large resource pool,
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self-service on demand, measured service, broad network
access, and rapid elasticity application development, de-
ployment, and testing in the CC environments have been
greater than before.  is results in the reduction of delivery
time, increased productivity, and capital and operational
cost saving. Besides numerous bene ts, it also postures
several challenges for the quality of service (QoS) assurance
including high-availability, multitenancy issues, elasticity,
privacy, and security [5]. CC is regarded by many authors as
a paradigm shift in computing, in lieu of an important
change in the way computing services are 0 ered, developed,
attained, and paid for [6]. In practice, in this model, a Cloud
service provider (CSP), serving the public, uses a pool of
computing services via multitenancy. Potential clients can
acquire and use these services over the Internet with auto-
mated user-friendly interfaces. Using the pay-as-you-go
model, the service consumption is automatically metered [7].

At present, Cloud services are o ered in at least three
di erent models, i.e., Infrastructure-as-a-Service (laaS),
Platform-as-a-Service (PaaS), and Software-as-a-Service
(SaaS).  ese services are typically organized in one of the
four infrastructures which are public, private, hybrid, or
community Cloud settings. In the near past, numerous
business organizations have shown a growing interest in the
adoption of Cloud services to support various corporate
functions [8]. CC is one of the ve most persuasive tech-
nologies across the globe and is ranked the third widely
invested signi cant IT service in 2013 [9]. According to the
latest 2018 McKinsey report, over the next three years,
organizations will make a fundamental shift from devel-
oping IT to utilizing IT [10]. Companies of all sizes are
moving to o0 -premise Cloud services, among a signi cant
move are noticed in large enterprises. e market share of
CC is increasing fast, 30% small and medium businesses
(SMBs) have already acquired ve or more Cloud services
while 60% have acquired a minimum of one Cloud service
[11]. While cost reduction is often perceived to be the main
factor in adopting CC services, the report shows that quality
is a key predictor for Cloud adoption, while compliance and
security remain key inhibitors for acceptance, speci cally for
large organizations [10].

As stated above there are three basic service models of
CC, i.e., laaS, PaaS, and SaaS. However, when we want to
conduct Cloud testing, there emerges a new service model
called Software Testing-as-a-Service (STaaS) or simply TaaS.
A new term, known as TaaS or STaa$S, has become a hot topic
of discussion in di erent research groups as well as IT
businesses and the Cloud industry [12]. e term of “TaaS”
was originally coined and properly introduced by Tieto
(http://www.tieto.com/) in 2009 in Denmark. Afterward,
TaaS has been widely accepted by both industry and aca-
demic communities owing to its advantages in utility style
service models, scalable testing environment, demanded
testing services, and cost reduction [12].  is model has been
assimilated into commercial products like Sogeti and Tieto.
TaaS ina CC environment is deliberated as a new service and
business model where a TaaS service provider creates a
software testing environment and provides them as-a-test-
ing service to accomplish testing tasks and activities for SDO
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to test application software under-test (SUT) or a web-based
system running over a Cloud infrastructure [12]. In con-
nection to software testing, the terms “testing in the Cloud,”
“Cloud-based testing (CBT),” “Cloud testing,” “STaaS,” and
“TaaS” are now widely used as synonyms.

To cope with the challenges of software testing; employing
CC technology would be the best choice. While many orga-
nizations are adopting CC with careful assurance, testing seems
to be one of the areas where they are willing to be more op-
timistic to move. Adoption of CC for software testing process is
considered to be a safe decision because testing data does not
contain any sensitive business information [2]. However, the
adoption of CC for software testing is still in the initial stage
[13]. e adoption rate of CC depends on the identi cation of
novel factors. Before taking any important adoption decision,
the signi cant factors for Cloud adoption should be ranked.
Studies focusing on the adoption of CC for software testing are
still lacking. Furthermore, conducting testing in the CC envi-
ronment is neither cost-e ective nor it is the best possible
solution to all testing problems. Furthermore, not every type of
software is the best candidate for testing in the Cloud [14].

SDO concerned about CBT must be conscious about the
characteristics and types of software that are suitable to be
tested in the Cloud environment, which enables them to
better employ CBT [15]. Unit testing (particularly large
regression suites), performance testing, and high-volume
automated testing are the ideal choices to be migrated to the
Cloud environment [14]. Unlike traditional web-based
software testing, TaaS on Cloud infrastructure has several
distinct requirements and unique features [12]. Some of the
requirements from di erent perspectives are (1) the appli-
cations or SUT must be accessible online. e SUT might be
a SaaS application or non-SaaS application. Additionally,
this takes into account di erent levels of testing, for example
regression or performance testing; (2) diverse deployment
models of the Cloud such as private, public, hybrid, or
community are used to host testing platforms and infra-
structure; (3) testing of the Cloud itself [16].

Moreover, it is not straightforward to move testing to the
Cloud; several quantitative and qualitative factors in uence
the decision to adopt CC. For example, all the traditional
artifacts must be relocated to a new platform while still
adhering to the original quality attributes and functionality.
Questions like why tests are migrated to the Cloud, which
techniques will be suitable, which test needs to be migrated,
and when to migrate to the Cloud demand to be answered
before proceeding with the CBT [17]. When transferring
testing to the Cloud platform, the tools that are used in the
course of the testing need to be switched to an innovative Cloud
environment while still coinciding with the development en-
vironment.  ese artifacts consist of the test environment (such
as testbeds and tools), test plans, testing method, test cases, test
results and its documentation, and so on. Equal rewards should
be reaped provided that high risks are posed while moving
application testing to the CC platform [14].

1.1. Aimsand Objectives. Speci cally, this study explores the
determinants and predictors of Cloud adoption in the
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context of software testing and develops a Cloud testing
adoption assessment model (CTAAM) for decision-making
towards CC adoption for software testing, speci cally known
as CBT. CTAAM was developed based on the input from
experts’ judgment using fuzzy multicriteria decision-making
(FMCDM) approach. For the proposed model development,
we performed a systematic literature review (SLR) for data
collection by applying our customized search strings [18].
From results of the SLR study, we identify seventy in uential
factors (IFs) from a sample of 136 papers. To validate the SLR

ndings and to rank the IFs, an empirical survey was
conducted in the software testing industry with ninety- ve
experts from 20 di erent countries. Based on the collected
data, we performed a two-phase analysis based on FMCDM
methods. We develop CTAAM model based on the two-
phase analysis results. For evaluation of the CTAAM two
case studies were conducted in SDO. To rank the IFs, we
used our developed FMCDM based framework. For this
purpose, we have developed an evaluation scale with 133
items based on previous researches.

1.2. Contribution of the Study. s study contributes pos-
itively to the academic literature on the Cloud adoption in
the context of software testing by identifying various criteria
and is the foundation of Cloud adoption for future research
in this eld. Unlike other researchers, we formulate Cloud
adoption as MCDM problem. Since several qualitative and
quantitative factors in uence decision towards Cloud
adoption indicating that adoption is a kind of MCDM
problem. Furthermore, unlike other researchers, we have
combined the fuzzy set theory with MCDM to better handle
vagueness, uncertainty, expert heterogeneity, human bias-
ness, and subjectivity. In detail, in our framework model, the
linguistic terms with parallel values in triangular fuzzy
numbers (TFNs) format are used to translate the linguistic
term. To handle expert heterogeneity, this study makes
CTAAM capable of accumulating the decision of several
experts by means of various predictors and factors as
measurement criteria.

e model will do an organization assessment based on
various IFs and predictors as evaluation criteria and can be
applied to predict organizational Cloud adoption possibility
taking various IFs and predictors as assessment criteria. e
developed model can be divided into two main parts ranking
and rating. To measure the success or failure contribution of
the individual IFs towards successful CC adoption the
ranking part of the model will be used while for a complete
organizational assessment in order to identify the weak area
for possible improvements the assessment part of the model
will be used. Collectively, it can be used as a decision support
system (DSS) to gauge SDO readiness towards successful CC
adoption for CBT. e industrial contribution of the model
is that it can be used as an assessment tool for SDO vendors
and will indicate their weakness using an extended fuzzy
version of the Motorola instrument speci cally extended for
this study. e models developed through FMCDM ap-
proach can handle uncertainty and vagueness in the expert
judgments but they cannot identify the weak and strong

areas of an organization.  erefore, our framework model in
this study uses Motorola assessment tool [19, 20] in the case
study. Similar to our previous studies [21-23], this study also
prolonged the Motorola evaluation tool to a fuzzy envi-
ronment by suggesting the TFNs scale for its three di-
mensions. e existing Motorola guidelines [19, 20] were
appropriate for a 5-point Likert scale only. We update the
guidelines to 7-point Likert and introduce TFNs instead of
even numbers (0, 2, 4, 6, and 10). We have designed seven
point linguistic scales for assessing the importance weights
of 133 items. Scale development is another contribution.

eoretical contribution of the fuzzy study is the design
and structure of a general framework to improve multi-
criteria decision models. Other researchers and practitioners
can use the proposed model structure and procedure as a
template to develop FMCDM models and framework for
decision-making, organizational capability improvement,
and assessment for enterprises, organization, or companies
in the other relevant elds. Moreover, the ranking part of the
CTAAM can be adopted to design a standalone prioriti-
zation or weighting tool and to rank the impact of di erent
risk or success factors while the assessment part of the
CTAAM can be adopted to develop mini assessment tool.
Collectively, it can be adopted as a DSS.

1.3. Paper Outline. e rest of the paper is organized as
follows. In the second section, a brief review of the studies
conducted in the domain of CBT followed by quick moti-
vation for using fuzzy set theory is presented. Section 3
describes the research methodologies for data collection and
analysis. is is then followed by results obtained through
ranking and rating in Section 4. Section 5 discusses the
results while Section 6 discusses the study limitations. Fi-
nally, Section 7 concludes the paper.

2. Background and Motivation

Cloud testing is the process of software testing based on CC
technology [5]. Cloud testing can be testing the Cloud itself
or TaaS over Cloud. In this study, we focus on testing ap-
plications in the Cloud, i.e., TaaS. A group of expert ar-
chitects and performance testers from the UK leading web
load and performance testing company (http://www.
CloudTesting.com/) initiated Cloud-based testing service
for load and performance testing of website and Web ap-
plications [24].

e present literature around CBT is in the form of
reports and industrial white papers. However, as the aca-
demic research on CBT gains popularity, scienti ¢ research
has also been growing [22, 25-29]. Researchers examine
speci ¢ types of testing [28], its architecture [30], applica-
bility through case studies [31], experiments [31], and in-
dustrial survey [25]. Other related research, focusing on
overviewing [32], surveying [25, 33], and summarizing the
existing work [34].

e survey paper [35] poses some questions to the CC
research community, which involve suitable solutions to
software testing. Fernandes and Gemmer [36] have de ned
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the CC paradigm and its implications for IT organizations.
Bertolino et al. [37] identify various references and buzz-
words. Bai et al. [24] suggest new developments in Cloud
testing tools like SaaS testing, cross-Cloud testing, real-time
results processing and dynamic adaptive testing, depend-
ability testing, service-level-agreement conformance testing,
and security and reliability testing. Nachiyappan and Justus
[38] give an overview of Cloud testing tools. In a com-
parative study, they discuss various challenges to CC testing
tools. Titinen [39] in their master thesis identify critical
factors for software testing tools selection. ey also classify
testing tools into test management, execution, comparison,
framework, and measurement tools. Murthy and Suma [40]
conduct a study on CC testing tools, and Devasena et al. [41]
propose a load testing tool for Cloud.

However, this research area is still immature [26]. For
the time being, a vast majority of the preceding researches
addresses the testing of the core architecture of the Cloud.
Furthermore, the majority of the preceding work focuses on
Cloud service evaluation. Conversely, customization of
those services regarding software testing has been largely
ignored in the preceding literature. What's more, few studies
focus on Cloud adoption [42—-48] but they are not conducted
form software testing, the only exception are [22, 25]. A
recent survey on testing in the Cloud [49] identi ed lack of a
Cloud testing adoption model that guides decision-maker,
when and how to move testing to the Cloud, based on
various decision factors as a research gap.  erefore, our
study will be an attempt to bridge some of the most im-
portant research gaps by developing a research model that is
adaptable and scalable for SDO.

2.1. Motivation and Novelty. e decisions on whether to
adopt Cloud as a testing tool are essential since incorrect
decisions might consequence in a loss in terms of resources
and e orts. A shortage of knowledge and information about
a certain technology makes it uncertain and vague.  us,
unavoidably, most of the critical decisions are made under
nondeterministic conditions while any carelessness may
result in the dire consequences. Models and frameworks
have been recommended to support the decision-makers for
CC adoption, incorporating various aspects such as demand
behaviors, business objectives, and quality of services, mi-
gration cost, and technical challenges. For instance, an
MCDM model for ranking and selecting Cloud services
includes six factors, namely, accountability, costs, assurance,
agility, performance, and security [50]. Although there are
numerous models for decision-making [42—48, 51-55] but
they are not conducted form software testing, the only ex-
ceptions are [14, 22, 25]. Furthermore, most of them
[42—48, 51-53] are not based on the fuzzy set theory. Fur-
thermore, they are proposed for either service selection [46]
or Cloud provider selection [46]. Interestingly, none of them
is proposed for software testing or TaaS. e only exception is
found in [14], in which authors propose a decision framework
called SMART-T. SMART-T originated from Service-Ori-
ented Architecture (SOA) Migration, Adoption, and Reuse
Technique (SMART) [56] where T shows testing. SMART-T
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contains three parts: business drivers, technical factors, and
operational results. SMART-T is developed based on business
drivers and technical factors. Additionally, it is not developed
based on the fuzzy set theory. Moreover, we did not nd any
study from the perspective of CC adoption, handling
vagueness, or uncertainty in experts’ decision-making.

Our study will contribute to the existing literature on
Cloud adoption and software testing. Unlike the preceding
researchers, we formulate Cloud adoption as the MCDM
problem. Since several qualitative and quantitative factors
in uence in decision towards Cloud adoption indicating
that adoption is a kind of MCDM problem. Compared with
the preceding studies, our study has the following signi -
cance. Firstly, very few studies on CBT have been conducted.
Secondly, no compressive study on Cloud adoption for
software can be found in the relevant literature.  erefore,
this paper is the initial e ort to provide new valuable dis-
cernments on the adoption of CC technology for software
testing, which is considered to be an emerging research
perspective in automated testing.  irdly, besides the im-
portance of CBT, very limited evidence in the relevant lit-
erature can be found that discuss aspects of CBT adoption
through systematic theoretical evaluation and models. In
fact, the application of operational research models and
theories, especially technology adoption theories and the
MCDM approaches for Cloud adoption in the context of
software testing remains unexplored. Consequently, pro-
posing a Cloud testing adoption assessment model
(CTAAM) and linking various in uential factors to its core
constructs of organizational adoption intention is deliber-
ated as a valuable tool, which is the fundamental innovation
of this study. Lastly, previous studies have only utilized
MCDM [45-47, 51, 57] approach in ranking the in uential
factors and its dimension and predicting the organizations’
intention to adopt Cloud technologies but they are not
conducted for software testing, the only exception is [25].
Besides, we did not nd any study, handling vagueness or
uncertainty in experts’ decision-making as well as causal
relations among the identi ed factors simultaneously from
the perspective of CC adoption. To handle expert hetero-
geneity, this study develops a model capable of aggregating
the decision of multiple experts by using multiple predictors
and factors as measurement criteria. In our proposed
framework, multiple experts can participate in both the
ranking survey and rating assessment case study. Addi-
tionally, unlike the preceding studies, this study provides the
experts with a self-e acing linguistic scale as presented in
column 1 of Tables 1 and 2.

2.2. Application of Fuzzy Set  eory to Multicriteria Decision-
Making (MCDM). In real-world decision problems experts
typically have to decide with imprecise, vague, or incomplete
data [58]. Vagueness exists in the natural language terms,
such as good or best, better than, smaller than, considerable,
important, signi cant, not implemented, partially imple-
mented, fully implemented, achieving, achieved, outstand-
ing, quali ed, marginally quali ed, etc. [59, 60]. Vagueness
or fuzziness in data may be due to poor boundaries of scale
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Tasre 1: Linguistic scale for ranking of items.

TasLE 2: Linguistic scale for rating of items.

Linguistic terms Corresponding scale

Linguistic term Corresponding scale

Not contributing at all (0.0, 0.0, 01)
Contributing sometime (0.0, 0.1, 0.3)
Slightly contributing (0.1, 0.3, 0.5)
Not sure (0.3,05,0.7)
Moderately contributing (0.5, 0.7, 0.9)
Strongly contributing (0.7, 0.9, 1.0)
Extremely contributing (0.9, 1.0, 1.0)

Very poor implementation (0.0, 0.0,01)
Poor implementation (0.0, 0.1, 0.3)
Weak implementation (0.1, 0.3, 0.5)
Fair implementation (0.3,05,0.7)
Marginally implemented (0.5, 0.7, 0.9)
Fully implemented (0.7, 0.9, 1.0)
Outstanding (0.9, 1.0, 1.0)

[61]. All real numbers greater than one is a familiar example
of a class of objects where boundaries are not clear or poorly
de ned [58]. To cope with the fuzziness usually articulated in
decision data rising from the qualitative independent
judgment of the experts due to the uncertainty, incomplete
or vague data, the scale based on crisp numbers might be
inadequate to model the real-world MCDM problems [62].

Furthermore, the in uential factors are not likewise
signi cant as the in uential factors may be quite di erent
regarding their contribution to success [59].  us, it is more
forthright and realistic for experts to rank the IFs for ex-
ample “factor F extremely contributing towards CC adop-
tion” rather than to guess “factor “F” 70% contributing
towards CC adoption”. Converting heterogeneous infor-
mation to a single form might result in a loss of important
information [63].

In practice, decision-making usually requires subjective
data provided by the expert [64]. It is obvious that di erent
experts have di erent preference structures, knowledge
levels, and complex decision capabilities based on their
experiences [65, 66]; therefore, a good decision-making
model must tolerate vagueness or ambiguity in expert
judgment [60, 65]. Numerous researchers have recom-
mended incorporating fuzzy set theory [54, 55, 58-67]
dispensing subjectivity in decision-making by human ex-
perts. Fuzzy statistics in FMCDM methods are represented
by fuzzy numbers via fuzzy sets. In fuzzy sets, the degree of
association is allocated to objects in their universe of dis-
course. An object in this approach can t some sophisticated
classes of objects with only a partial association [67].

2.3. Fuzzy Multicriteria Decision-Making (FMCDM).
Zadeh [67] is the rst researcher to incorporate “fuzzy sets
theory” and proposed the MCDM approach for subjective
decision-making. It has been widely adopted to model
uncertainties in human decision-making. It also meritori-
ously resolves uncertainties in collecting data for MCDM.
Several researchers have identi ed that the subjective
vagueness of expert judgment can be dispensed by inte-
grating the fuzzy set theory [59, 60, 65, 66] with MCDM. In a
fuzzy set, linguistic terms are used to denote fuzzy variables
that are then translated to the corresponding numerical
values using the prede ned linguistic scale [65, 66].

2.4, Fuzzy Numbers and Fuzzy Sets. A fuzzy set has a
membership function which assigns a score of association to
objects within its universe of information between 0 and 1.

Figure 1 shows the x coordinates of the three vertices | lower,
m central, and, u upper of HA(a) in a fuzzy set A. Let U isa
universal set having items {a} then, a fuzzy set A in the
universe of information U de ned by its membership
function is as follows:

My (a): U

which assigns to each {a} a score of association to A in the
interval [0, 1].Here p , (a) =score of membership of a in A,
assign values in range of 0 to 1, i.e.,

HA(0) [0,1]. (2)

(0,1], (1

A fuzzy set can also be represented by a continuous
membership function pA (a).

0, if a<i,
-l i icasm,
B m—1
HA () = 3 - (3
u-a .
, if m<asuy,
u—-m
0, if a=>u,

2.5. Linguistic Scale. e conventional scaling approaches
face di culties in labeling the criteria that are overly
complicated or hard to de ne [67]. To counter the conse-
quences of fuzziness the linguistic scale is used. Linguistic
terms with parallel TFNs o er practical means for dis-
pensing incidents of subjectivity. e appropriateness of
substitutes versus criteria and the importance weights of
criteria are assessed using a linguistic scale with corre-
sponding fuzzy numbers [59, 60]. Several researchers
[21-23, 59, 60, 65, 66] recommend the linguistic scale for
describing such situations.

Inspired by the above-reported studies, in this paper, the
linguistic terms with parallel TFNs scores are used to re-
produce the information. Precisely, we have designed seven
Likert linguistic scales for ranking IFs via 133 items. Seven
Likert linguistic scales as presented in Table 1 were used to
rank the signi cance of the identi ed factors via its items
found via SLR in phase 2.

Likewise, seven linguistic scales as presented in Table 2
grounded on Motorola evaluation tool are designed. e
case study companies were asked to rate the level of
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Ficure 1: Coordinates of Triangular fuzzy numbers.

implementation of items across the three dimensions of
Motorola evaluation tool [21], i.e., results, deployment, and
approach as presented in Table 3.

3. Research Methodology

In terms of the proposed research model, we have developed
it by including empirical research methodology based on a
mixture of quantitative and qualitative research techniques
for data collection and a two-phase FMCDM approach for
analysis as deliberated in the following subsections.

Phase#1: to identify critical in uential factors (CIFs),
for data collection at the early stage, SLR was used.

Phase#2: to rank the identi ed CIFs using fuzzy
FMCDM and at the same time to validate the SLRs
ndings, a questionnaire survey was carried out.

Phase#3: based on the inputs from the questionnaire
survey and SLR the CTAAM was developed in phase 3.

Phase#4: to assess the CTAAM through the FMCDM
approach and at the same time to evaluate its e ec-
tiveness in real-world environment case study was
executed.

3.1. Systematic Literature Review (SLR). is study conducts
SLR [68] to nd the critical factors of the adoption of CC for
software testing. Before conducting the SLR, we design a
review plan known as a protocol. We have published the SLR
protocol with initial results in a conference paper [18].

3.1.1. Review Plan. It reduces researchers’ bias and enhances
review accuracy and repeatability [68]. Particularly, it out-
lines rationale for the study, search strategies, study ques-
tions, literature inclusion/exclusion and quality assessment
checklists, and data extraction and synthesis plans [68].
Figure 2 illustrates the main phases of the SLR process.

Construction of Search Terms. In terms of the searching
phase, the scope of the study is acknowledged as
follows:

Population. Primary studies on “Cloud-based testing,”

“testing in the Cloud,” “Cloud testing,” “testing-as-a-
service,” and “TaaS.”
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Intervention. Published primary studies reporting
success factors for Cloud-based software testing.

Outcomes of Relevance. List of factors related to the
CBT adoption.

Experimental Design. Any forms of empirical study.
e below example shows the aforementioned parts:

[What factors/challenges] “INTERVENTION”

In [Cloud software testing] “POPULATION”

Which impacts upon

[Adoption of Cloud] “OUTCOMES OF RELEVANCE”

KEYWORDS_ABSTRACT_TITLE

(Software OR Application OR program) AND (Test OR
Validat OR veri cation OR maintenance OR accepting)
AND (Cloud OR Cloud computing OR TaaS OR Testing
as a service) AND (factors OR motivators OR drivers OR
elements OR parameters OR characteristics OR adopt
decision OR criteria OR “lesson learned™)

Search plan: We used an automatic search method for
publication selection because manual search is not easy
for digital libraries where the numbers of available
documents are over several thousands. e nal search
string is given below.

Literature Selection: In this step, the investigators have
to list sources to be searched, inclusion, and exclusion
and quality criteria.

Selection of sources: Following the guidelines for SLR
[68], we selected seven search engines/databases related
to the study subject to run an exhaustive search [68].
Databases are chosen based on the characteristics, such
as coverage of indexed articles (journals, conferences,
or books), availability of the study, and importance to
the software engineering area. Following are the seven
databases, we selected.

(1) ACM_digital library http://www.acm.org/

(2) Scholar_Google https://scholar.google.com

(3) IEEE_Xplore-http://ieeexplore.ieee.org/

(4) Cite_Seer-http://citeseer.ist.psu.edu/

(5) Science_Direct-http://www.sciencedirect.com/

(6) Springer_Link-http://link.springer.com/

(7) Wiley_online library-https://onlinelibrary.wiley.
com/

Inclusion and Exclusion Criterion: An inclusion and
exclusion criterion is de ned to verify the importance
and usefulness of each study. e relevant criteria are
listed in Table 4.

Quality Criteria: e quality checks are listed in Table 5.

e checklist will be scored based on three possible
answers; yes, partial, and no. If any of the checks are not
relevant to any articles, then it will be excluded from the
evaluation of that particular study only.  ose studies
that will not provide the basic information about their
research methods will score less than 50% in quality
assessment and will be excluded.


http://www.acm.org/
https://scholar.google.com/
http://ieeexplore.ieee.org/
http://citeseer.ist.psu.edu/
http://www.sciencedirect.com/
http://link.springer.com/
https://onlinelibrary.wiley.com/
https://onlinelibrary.wiley.com/

Data extraction: Primary reviewers will independently
review all papers. In the case of needs for guidance, the
secondary reviewers will be approached.

Execution of the review: e review was conducted
from June 2017 to September 2018. To support the
protocol trial, we used the EndNote X7 tool for the
control group of primary studies and paper selection
and storage. Moreover, Microsoft Access was used to
manage the data extraction and quality assessment.

3.2. Empirical Survey. To rank the identi ed CIFs using
FMCDM and at the same time to validate the SLR’s ndings,
a questionnaire survey was carried out in the software

development industry. Questionnaire survey serves as an
appropriate method of gathering tacit quantitative and
qualitative facts [69]. e process of a questionnaire survey
can be divided into two phases, designing and sampling. In
the design phase, a set of questions are designed to be
answered by the sample. In the sampling phase, the in-
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Ficure 2: Various stages in the SLR process.

questions and required scripts and web pages came out as
results. It is a commercially available online application. It
also helps in collecting responses from participants, because
it facilitates resending of the link through e-mail in case of
no response. e questionnaire design was piloted through
six members of our laboratory and necessary changes were
made accordingly.

3.2.2. Data Gathering. Survey inquiry is deliberated as a
suitable method of gathering tacit qualitative and quanti-
tative data [69]. e questions of the questionnaire are of two
types: open-ended, also called subjective, and close-ended,
called objective. e subjective questions allow a variety of
answers from the respondents, while for objective, only one
choice can be chosen from the available choices. s
method of data gathering assists in reducing the threat of
bias relating to the investigator’s prejudices. It encourages
the respondent to give her/his view regarding a speci ¢
question [69, 70]. Before a questionnaire, each participant

was sent a questionnaire invitation letter.  is letter outlined
the main theme of the questionnaire survey, the expected
duration, and measures that could be taken to ensure privacy
and con dentiality. We concentrate on obtaining the lin-
guistic weight for the in uential factors (items) because not
all the factors are equally important for the adoption of CC
in connection to software testing.

3.3. Analysis Approach. For analysis purposes, we use the
FMCDM framework presented in the next section.

3.3.1. FMCDM Framework for Measuring the Possibility of
Cloud Adoption for Software Testing.  is paper aims to
increase empirical knowledge of CC adoption for software
testing. Recently, the use of MCDM approaches has been
increasing in information science and software engineering.
In this paper, we successfully adopt FMCDM for the eval-
uation and assessment of CBT in the software industry. For
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TasLE 4: Inclusion criteria/exclusion criteria.

Inclusion criteria
S. no

Studies that describe factors for cloud-based software testing (CBT)
Studies that describe the evaluation of tools, methods, processes, and techniques for CBT.
Studies that describe advice/strength/weakness of the CBT framework
Studies that describe lessons learned in adopting CBT tools/services
Studies that describe techniques/process for migrating software testing to cloud platform
Studies that describe criteria for what and when to shift software testing to cloud platform
Studies that describe solutions to the challenges in CBT testing domain
Studies that evaluate CBT service provider practical capabilities for automatic software testing

xclusion criteria

OO WNRPEPMOLOM~NOO O, WNEF

Studies written in a language other than English
Studies that do not mention practices/solutions/challenges/tools/methods or techniques in automatic software testing in the Cloud
Studies conducted in a domain other than software engineering
Studies with less than four pages of contents
Studies published in more than one sources
Studies which get a low score on the quality checklist

TasLe 5: Quality criteria.

S. no Quality criteria

1 Is it clear how the factors that in uence the adoption are identi ed?

2 Are the ndings supported by extensive data?

3 Are the objectives clearly stated?

4 Are the experimental or observational units adequately described?

5 Is the paper based on based on some standard theory or model?

6 Are negative ndings presented?

7 Are the implications clearly stated?

8 Are all the data proposed in the data extraction form possible to extract?
9 If there is a control, what are these variables that may a ect study results?
10 Is the study context well de ned?

11 Are the testing strategies formally described?

12 Is there a link between interpretation along with conclusion and data?

the stated research model development, we have incorpo-
rated a ve-phase empirical research methodology using a
mix of qualitative and quantitative research techniques for
data collection and MCDM approach for model develop-
ment and evaluation. An FMCDM framework model as
shown in Figure 3 was developed to rank and rate the
identi ed alternative criteria by assembling multiple experts
in decision-making as deliberated below.

Phase#1: Identi cation of the In uential Factors via SLR. To

nd the in uential factors for the adoption of CC for CBT,
the review protocol was executed to select papers through

ve distinct stages. In the rst stage, after the selection of the
databases, the search string was applied to the selected
sources and we got 1,650 research articles for further pro-
cess. e number of returned papers in each database is
shown in Table 6. In the second stage, we read the titles and
keywords and apply inclusion criteria. In the third stage, we
read the abstracts and conclusions and apply exclusion cri-
teria. At stage-3, we also excluded 29 studies that were re-
peated across di erent databases. In the fourth phase, we read
the full text of the remainin