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ABSTRACT

Cloud Computing (CC) is being accepted as one of the emerging technologies that
create a new opportunity for enterprises with limited resources. It is promised that
cloud can allow firms to reduce costs and to operate more flexibly than with a
traditional Information Technology (IT) infrastructure. However, the promising op-
portunities go hand-in-hand with several challenges that can pose risks for a firm
planning to adopt CC. A number of frameworks and models have been developed
by prior studies to support cloud adoption process. However, these models and
frameworks have been formulated to the context of developed countries. Though
worldwide research may be applicable to at least some extent research regarding the

adoption of cloud is not fully generalizable to corporate environment.

In this study, we have proposed a conceptual cloud adoption model grounded by
Technology Organization and Environment (TOE) and Diffusion of Innovation (DOI)
frameworks. According to this model, six variables are influencing the Small and
Medium Enterprises (SMEs)” decision to adopt CC. To test the proposed model, we
have used dataset collected from 136 SMEs and analyzed using Multiple Linear Re-
gression (MLR). The analysis revealed that the model is statistically significant [F
(6,129) 73.631 and p <o.001]. Four out of the six determinants were found to be signif-
icant for their influence of cloud adoption. Moreover, a Cloud Deployment Selection
Model (CDSM) has been also proposed to support SMEs” in predicting an appropriate
cloud model for their business need. The model is generated by refining the MLR

output and using the established principles of Analytic Hierarchy Process (AHP).
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INTRODUCTION

This chapter serves as an introduction for this thesis study. It starts by providing a
brief background and continues by discussing the motivation and purpose of the
study. Next, the methodology and scope of the research are established. Finally, it

provides a quick glance on the thesis structure.

1.1 BACKGROUND

Cloud computing is a new paradigm of enterprises’ resource computing that offers
a number of significant advantages over its preceding computing style. Cloud com-
puting seeks to deliver Information and Communication Technology (ICT) services
similar to other utility services (water, power ...etc). Thus, it creates a level of playing
field for many firms such as SMEs by providing opportunities of utilizing cutting
edge of IT that hitherto were not affordable due to the high cost of owning these
technologies [1]. In addition, the feature of rich flexibility, better accessibility and
security provided by this emerging technology permits firms to customize services

and data for higher availability [2].

Though CC has a number of advantages for enterprises, there is also a number of
constraints for adopting it [3]. Service quality, potential outages, loss of control over
IT resources, and possible data lock-in in the absence of clearly defined standards are
some of the concerns on which enterprises to face. However, scholars have indicated
that the perceived benefits appear to outweigh these inherent constraints [4], and
appear to compel firms to look towards cloud for their IT resource requirements.
Hence by maximizing the perceived benefits of cloud and reducing possible concerns

could result in an increased rate of cloud adoption by SMEs.

In order to gain the maximum benefit from cloud computing services, firms need
to understand the surrounding influencing issues of cloud services [5]. This can be

achieved through all embracing IT adoption research which would help firms to
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accept or reject emerging technology [6]. IT Adoption incorporate the firm’s policies,
strategies, processes, and tasks employed by firm in its efforts to identify, acquire,

and diffuse an appropriate technology innovation [7].

Basically, diffusion of innovation is a result of a chain of decisions to the use of
new technology. These decisions come usually from a comparison of its ambigu-
ous benefits and corresponding costs of adoption [6]. Prior studies have indicated
that, the decision for adopting emerging technology could not be a simple choice.
Decision makers have been challenged when it comes to the decision of adopting
or not these technologies. The decision to adopt CC or new technologies, has been
usually based on experts’ experience, vendor’s recommendation, or market promo-
tion without pre-adoption analysis to determine whether that particular technology
meets the strategic goal of the organization or not. A survey reported in [8] showed
that many of the information management practitioners consulted felt that the adop-
tion of cloud services was often an ad hoc and driven mainly by IT in response to

changing business needs and overload of computing systems.

Moreover, adoption decisions are also vulnerable to many social influences, both
from inside and outside of an organization. For example, technology might not work
or it may be too expensive. Destructive social impacts may have a more profound
effect on a technology adoption decision than positive social impacts toward technol-
ogy adoption, and can also affect decisions to terminate its adoption [9]. Hence, it
can affect different stakeholders such as Cloud Service Provider (CSP), cloud service
broker and organizations or end users. Because of these social factors, organizations
should start by carefully assessing situation in their operating environment. This
helps in identifying bottlenecks and weaknesses that need to be addressed if the
cloud is to be effectively exploited, and clarify what kind of cloud solutions are most

favorable.

1.2 MOTIVATION

Cloud computing is being accepted as one of the emerging technologies that create a
new opportunity mainly for those enterprises with limited resources. It is promised

that cloud services can allow firms to reduce costs and to operate more flexibly than
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with a traditional IT infrastructure and can enable them to develop new business.
However, the promising opportunities of this technology go hand-in-hand with cer-
tain challenges that can pose a risk as result of migrating the service to this paradigm.
Data privacy, data lock-in and data ownership related issues are concerns that firms

to face during cloud adoption.

Though, migration of IT services to cloud can reshape the enterprise’s IT landscape
and can heavily impact its business strategy and performance. However, switching
the service to a wrong cloud model can also result in low performance. Since there
are several cloud computing deployment models that firms can adopt and each
model architecture offers different advantages and constraints; many firms find it
as a great decision challenge when identifying the right model that will optimally
address their business needs. Hence, selecting wrong cloud deployment model for
cloud service can be operationally costly and potentially could harm a business strat-
egy. Besides to the potential risks and the decision concerns there is a little guidance
available from industries and scholars on how to adopt this technology from the

firms’ context [8].

It is believed that the aforementioned adoption challenges have left the cloud ecosys-
tem from being effectively exploited. Currently, cloud service providers are offering a
wide range of cloud-based ICT solutions. However, the acceptance and usage of these
services by SMEs in Ethiopia are slow and discouraging. SMEs are being challenged
in determining a path to adopt cloud services that would ensure their sustainable
presence in the cloud ecosystem. As reported in [10] the cloud adoption rate around
the globe varies . The adoption rate of cloud computing in developing countries in-
cluding Ethiopia is low [3], [10], [11]. Moreover, the low adoption rate and ambigu-
ity from the enterprises side have also challenged the cloud provider side. Providers
have been challenged to predict which enterprises will exhibit a propensity for cloud
adoption. Hence, providers can’t focus their marketing efforts, personnel and bud-

gets on enterprises having high levels of propensity for cloud adoption.

Therefore, the focus of this research is on SMEs within an Ethiopian context. Under-
standing why and how SMEs are motivated to adopt CC will enable the creation of a

more favorable environment for greater adoption and will help in developing strate-

3
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gies to promote the adoption process. To the best of our knowledge based on the
literature review, very few studies have been conducted in developing countries like
Ethiopia, in particular for the SMEs. Our study tries to bridge this gap by identifying
the influential determinants that provide valuable perceptions into the adoption of

CC by SMEs in Ethiopia.

1.3 PROBLEM STATEMENT

The effectiveness of cloud computing is being limited by many challenges and con-
cerns that affect both firms and cloud provides and influence the adoption rate of
cloud services [12]. Adopting cloud computing changes not only the technology
used by an enterprise but also the way in which business operations are managed
[13]. In addition, switching enterprise resources to a cloud involves decision making
at the strategic and operational levels and could potentially impacts all aspects of

the firm [14].

A number of frameworks and models have been developed by prior studies to sup-
port cloud computing adoption process. However, these frameworks and models
have been fragmented and sometimes lack theoretical grounding, have focused on
specific technical aspects of the adoption process and not providing holistic view of
the adoption process. Besides, existing models and frameworks have been formu-
lated for the context of technologically developed environment. To this end there
has been very little investigation to determine whether the determinants that affect

cloud adoption in developing countries are different.

Moreover, the physical location of cloud provider is overlooked by prior studies.
However, it can be an important determinant of cloud adoption process in context of
the firms in developing countries like Ethiopia where majority of the cloud providers
are over the sea. Storing data in locations within different jurisdictions could cause
problems for firms and raises questions regarding data sovereignty and jurisdiction

over the stored data [1], [6].
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1.4 RESEARCH QUESTION

Even though CC is potentially a future key technology for firms to realize increased
productivity and enhanced efficiency in businesses operations. However, SMEs in
Ethiopia are still in the infancy stage and face many obstacles to adopt [12]. Based
on this notion drawn from the literature and conceptual framework, this motivates

to the following specific research question.

* What are the determinants that influence the decision of SMEs to adopt CC in

Ethiopia?
* What are the effects of firm size in cloud adoption decision?
* How to predict the best fit cloud deployment model that align with the specific

need of SME?

1.5 OBJECTIVES

1.5.1  General Objective

The objective of this research is to propose a cloud adoption framework for SMEs.

1.5.2  Specific Objectives
In order to meet the general objective, the following specific objectives are stated:

* Review theories and frameworks on adopting new technologies and innova-

tions.
* Document a fact finding framework for cloud computing adoption.
¢ Collect datasets from SMEs for model verification.
¢ Identify the determinants and their relationship to adopt CC.
* Propose CDSM for SMEs in Ethiopia based on their context.

¢ Validate the proposed model
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1.6 METHODOLOGY

To meet the general and specific objectives of the study, the research has been de-

signed in four phases.

In phase one, academic literature on technology adoption frameworks, theories and
CC has been studied to identify key factors for successful cloud adoption. An appro-
priate framework has proposed to tackle the research problem grounded by TOE and
DOI frameworks. In phase two, a structured questionnaires were generated based on
the proposed framework. The questionnaires have been used to collect the quanti-
tative data from selected SMEs in Addis Ababa. The questionnaires were the major
instrument designed for this study to collect data which were used for model ver-
ification. Data analysis and modeling verification has conducted at the third phase
using MLR. Finally, ones the motivators and inhibitors of CC adoptions were iden-
tified by the MLR analysis, a conceptual CDSM has been recommend to predict a
cloud deployment model for SMEs by refining the outcome of the MLR analysis and

illustrated using case study.

1.7 SCOPE OF THE STUDY

The main objective of this study is to propose a cloud adoption framework for SMEs
in Ethiopia by analyzing their contexts. There are a number of SMEs in Ethiopia; how-
ever, this study has focused on selected SMEs located in Addis Ababa. Additionally,
the study explored a number of determinants that affected SMEs adoption decisions,
however, major analysis of the study focused on selected determinants that are af-

fecting the cloud adoption decision.

1.8 RESEARCH SIGNIFICANCE

This study will help both SMEs and CSPs. It helps SMEs to increase their CC adop-
tion by reducing their risk. SMEs will make an informed decision in the process of
adoption of CC by evaluating their pros and cons associated with this technology.
The determinants identified are aimed at providing the necessary considerations to

be undertaken, be it the motivators or inhibitors that SMEs need to consider in their

6
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investigations of cloud adoption. To this end, the proposed CDSM will enable firms

to identify the right cloud deployment model for their business need.

Additionally, it helps CSPs, by providing them SMEs specific determinants which
they need to consider in order to adjust their services and rethink their marketing
strategies. Furthermore, it will enable service providers to optimize their offerings
in order to be more beneficial and less risky. Hence CSPs can examining the most
important predictors of cloud adoption propensity, they can get interesting insights

to the main cloud adoption motivations and orientations of enterprises.

1.9 THESIS ORGANIZATION

The rest of the thesis is organized as follows:

Chapter 2 dedicated to cloud computing overview and theoretical background. We
first define cloud computing and discuss about its characteristics, delivery models
and development models. In addition, we point out the prominent advantages and
disadvantages of cloud computing. The conceptual frameworks and theories used
for adopting emerging technology and decisions are addressed in this chapter. Fi-

nally, the working definition of SMEs for this study is define in this chapter.

Chapter 3 provides an overview of previous studies on cloud computing adoption
determinants, cloud computing adoption frameworks and Analytic Hierarchical Pro-

cess.

Chapter 4 outlines the research design, model development, hypothesis develop-
ment, instrument development, data collection processes, and model testing method

used in this study.

Chapter 5 is dedicated to Modeling and Experiment of the study. The proposed
model is tested using MLR and the CDSM is generated and illustrated using case

study.

Chapter 6 presents the conclusion, contribution and future work of the study.



LITERATURE REVIEW

This chapter is dedicated to cloud computing overview and theoretical background.
We first define cloud computing and discuss about its characteristics, delivery mod-
els and development models. In addition, we point out the prominent advantages
and disadvantages of cloud computing. The conceptual frameworks and theories
used for adopting emerging technology and decisions are addressed in this chapter.

Finally, the working definition of SMEs for this study is define in this chapter.

2.1 CLOUD COMPUTING DEFINITIONS

There are numerous definitions given to CC by different industries and authors, for
example; HP defines it as “Everything as a Service” [15], while Microsoft perceives
the value of CC as “Cloud + Client,” emphasizing the importance of the end user
[16]. T-systems define cloud computing as the renting of infrastructure and software,

as well as bandwidths, under defined service conditions [17].

Most scientific works based their cloud definition by the National Institute of Stan-
dards and Technology (NIST) cloud definition [18], we also adopt this definition. NIST
define CC as: “A model for enabling ubiquitous, convenient, on- demand network
access to a shared pool of configurable computing resources (e.g. Networks, servers,
storage, applications, and services) that can be rapidly provisioned and released

with minimal management effort or service provider interaction”.

According to [18] definition, the basic actors in the cloud computing context are CSPs
and Cloud Service Consumer (CSC)s, despite that there might be service brokers in-
volved based on the architecture of cloud services. The NIST definition incorporates
all the aspects of CC mentioned above. Moreover, it also provides a further character-
ization of cloud computing by defining its essential characteristics, service models

and deployment models as shown in Figure 2.1.
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Essential Characteristics

Ubiquitous On-demand Rapid Multi- Measured
— self service Elasticity Tenancy Services

Services Models T

Software as a Platform as a Infrastructure as a
service (SaaS) service (PaaS) service (laas)
|
Deployment Models = —
Private Community Public Hybrid
Cloud Cloud Cloud Cloud

Figure 2.1: Cloud Computing Definition Adopted from[18]

2.2 CLOUD COMPUTING ESSENTIAL CHARACTERISTICS

The advantage of cloud is far beyond cost savings for firms. It impacts firms enor-
mously in variety of ways due to its enabling features as depict below. It enables
firms to focus on their core business objectives while details of running the IT infras-

tructure will be left to the providers.

* Measured Service: cloud systems automatically control and optimize resource
use by leveraging metering capability at some level of abstraction appropriate
to the type of service (e.g., storage, processing, bandwidth, and active user
accounts). Resource usage can be monitored, controlled, and reported by pro-
viding transparency for both the provider and the consumer of the utilized
service. Cloud consumers want the option of usage -based (or pay - as - you -
go) pricing in which their price is based on the resources actually consumed,
rather than being locked into a fixed pricing arrangement. Measuring resource
consumption and appropriately charging cloud consumers for their actual re-
source consumption encourages them not to squander resources and release

unneeded resources so they can be used by other cloud consumers.

9



2.3 CLOUD DEPLOYMENT MODELS

* On-demand Self-Service: consumer can unilaterally provision computing capa-
bilities according to their demand at particular timeslots, and are able to obtain
computing capabilities, such as software, storage, or CPU time automatically

from a service provider without human interaction.

¢ Ubiquitous Access: unified access to computing capabilities are available over
the internet permits the usage of heterogeneous thin clients, such as mobile

phones or laptops.

* Pooled Resources: multi-tenancy that enables sharing of pooled resources and
costs across a number of users, with different physical and virtual resources

dynamically assigned and reassigned according to user demand.

¢ Rapid Elastic: quick scale up or scale down of resources through elastic provi-
sioning or the release of capabilities in near real time. It provides scalable on

demand computing capabilities.

2.3 CLOUD DEPLOYMENT MODELS

The NIST cloud definition has four deployment models [16] as described below..

2.3.1  Public Cloud

A public cloud is a CC infrastructure offered by service providers and made available
to any organization or individual, mainly offered over the Internet [1], [6]. These
resources are controlled and managed by service provider located off-site relative
to end user. A public cloud offers on demand and high scalability services. How-
ever, there are several concerns associated with this computing. Data location repre-
sents one of the main issues in public cloud, as data is stored beyond the enterprise
premises. In addition, to provide high availability and business continuity, service
providers store data in multiple sites possibly in different territory; while many coun-
tries have established regulations on specific data or industries that cannot store data

outside their territory.

Moreover, storing data in locations within different jurisdictions could cause prob-

lems for cloud consumers [1], [6] and raises questions about which state has juris-

10
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diction over the stored data. Besides, it is argued that the risk of breach data and
unauthorized access concerns for many enterprises when they are considering a mi-
gration to public cloud. Public clouds use a multi-tenant approach which could lead

to data breaches [6].

2.3.2  Community Cloud

A cloud service that is provided exclusively to a specific community comprising
consumers of different organizations sharing similar concerns. One or more firms
being part of that community, a third party, or a combination of both may be the
owner, manager, and operator of that cloud; and it may be located on or off the

premises of the collaborating organizations [18].

2.3.3 Private Cloud

A cloud setup that is delivered solely to a single organization that may comprise
multiple consumers, such as different business units. The organization itself, a third
party, or a combination of both may be the owner, manager, and operator of that
cloud and it may be located on or off the premises of that organization [18]. Running
a private cloud offers the highest level of control over aspects such as performance,
security concerns, reliability of mission-critical tasks, but does not allow to eliminate

up-front investments in contrast to public clouds.

2.3.4 Hybrid Cloud

A cloud platform that is a combination of two or more of other deployment models.
Each of the clouds being part of the hybrid cloud remains a discrete entity; although
being able to move data and applications to the other clouds by applying appropri-
ate technology [18]. Hybrid cloud deployment model can be beneficial in specific
scenarios [18]. In case of a bursting scenario, for instance, a private cloud can ac-
quire more resources from a public cloud. In order to optimize resource utilization,
a hybrid cloud permits keeping core business activities in a private cloud, while
moving other, less critical activities into a public cloud. However, hybrid cloud re-
quires interconnection among different cloud providers. While the interconnection

among different providers is remain another challenge for CSPs and CSCs.

11
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2.4 CLOUD SERVICE MODELS

Three service models are extensively used by the cloud community to categories the

cloud computing services [18], [19] as described below.

2.5

¢ Software as a Service (SaaS):- cloud services applications are released in a host-

ing environment, which can be accessed through networks from various clients.
CC users do not have control over the cloud infrastructure that often employs
multi-tenancy system architecture to achieve economies of scale and optimiza-

tion.

Platform as a Service (PaaS):- PaaS is a development platform supporting the full
"Software Lifecycle" which allows to develop cloud services and applications
(e.g. SaaS) directly on the PaaS cloud. Hence, PaaS offers a development platform

that hosts both completed and in-progress cloud computing applications.

Infrastructure as a Service (IaaS): -users can directly use IT infrastructures (pro-
cessing, storage, networks, and other fundamental computing resources) pro-
vided in the IaaS cloud. Virtualization is extensively used in IaaS cloud to in-
tegrate/decompose physical resources in an ad hoc manner to meet changing

resource demands from cloud users.

ADVANTAGES OF CLOUD COMPUTING

A number of prior studies shows that cloud has reshaped existing computing tech-

nology to support business in the following dimensions:

® Scalability: scalability represents one of the main features of cloud that allows

computing resources provisioning and released based on user demand. Scala-
bility can support enterprises to expand their IT capacity rapidly with a very
short lead time [2], [6], [20].

Better IT utilization: as author [1] pointed out that only 10-30% of data centers’
computer power is used in off-peak, while features of cloud such as virtualiza-

tion and pool resources could provide a better utilization of IT resources. This

12
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is because the cloud environment provides a shared pool in which resources

are provisioned and released in respect to end user needs.

Accessibility: CC is location independent [18], allowing users access anywhere,
anytime, subject to an internet connection. In addition, in a cloud environment
all computing operations will be performed in cloud, so the user can access
from any device through web browser or other thin client interfaces [1], [18].
Thus, CC offers more mobility to users, enabling them to access computing

resources anytime, anywhere and on any devices.

Faster access to IT resources: cloud deployment model such as public cloud
could offer faster access to a variety computing services with no or minimum

upfront cost [20].

Innovation: CC represents a change in the way computing services are provi-
sioned. It has been argued that rather than focusing on the management of
physical resources, IT staff will be freed up to focus on application and service

development, encouraging greater innovation [20].

Green IT: cloud environments can offer a greener environment because they
enable multiple users to share common resources by serving according to users’
need. Hence, many data centers can be consolidated into one, reducing the

energy required for computing power and cooling [18].

Economic benefits: one of the main reasons for enterprises to move to cloud is
the associated economic benefits. The cost of getting reliable IT services was a

barrier to many SMEs in traditional IT environments [20].

Moving to cloud could reduce costs of using IT services because the operating
and maintenance costs of underlying infrastructure might be moved to CSP in
public clouds, while some operational costs remain in enterprise in PaaS and
laaS. In addition, enterprises using a private cloud could benefit from CC by
consolidating servers or data centers, which will be reflected in saving on costs
of energy consumption, cooling and floor space. Furthermore, it is argued that
public and hybrid cloud offer opportunities to transfer Capital Expenses (Capex)

to Operating Expenses (Opex). As a consequence of transferring Capex to Opex,
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enterprise will pay the cost of computing services in the same manner as they

pay for other utility services.

* Better IT capability: it is believed that building a secure IT environment for
some firms particularly SMEs could be beyond their resource capabilities due
to the prohibitive cost of IT expertise as well as computing resources [16], thus

CC enables enterprises to have better computing capability.

* Better business continuity plan: it is considered that firms specially SMEs are
challenged in delivering 24/7/365 uptime service delivery due to their limited
resources. In this case cloud can provide a better business continuity thorough

backup and disaster recovery as service [1].

2.6 CHALLENGES OF CLOUD COMPUTING

Though there are many potential advantages that firms get by adopting cloud, but
this does not lead to inexorable conclusion of its superiority as an IT model for firm’s
businesses. In addition to the data security and privacy risks inherent in cloud tech-
nology, its characteristics and features also cause of a number of challenges that must

be considered. These include questions regarding data sovereignty and jurisdiction.

2.6.1  Security Challenges

Security has played an important role in hindering the acceptance of cloud services.
Storing and processing organizational vital data outside of its premises appears
daunting to many firms. Running remotely on a collection of machines can cause se-
rious threats to organization’s data. The multi-tenancy model and collective comput-
ing resources in cloud has introduced new security challenges that require advanced
security techniques to tackle. Due to sharing of computing resource vulnerability of
data privacy and confidentiality is in question. For example, during data retrieval of
a customer other data can be exposed. Customer concerns arise when their sensitive
data and mission-critical applications migrated to a cloud where providers cannot

guarantee the effectiveness of their security and privacy control.

A. Confidentiality
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Preventing sensitive information from reaching unauthorized people, while
making sure that the authorized people can get an access to it, is one of the
requirement of system security. In cloud environment, data stored beyond the
company firewall is threated by unauthorized access. Thus data privacy in
cloud computing is a big issue [6]. Data breaches could lead to loss of reputa-
tion, brand damage and loss of customers etc. This brings a dual responsibility
in that enterprises should set policies and procedures that ensure the privacy
of their data. While providers should maintain the safety of data, and convince

users that their data is secure and protected.
. Integrity

Integrity involves maintaining the consistency, accuracy, and trustworthiness
of data over its entire life cycle. Data must not be changed in transit. An unau-
thorized access and alteration of data in the storage cloud and alterations to
data through what is known as a man in the middle attack when data is inter-
cepted when it travels between the users and service providers are two issues

related to storing data in cloud in terms of integrity [6].
. Availability

Availability in cloud relates to ubiquitous access to data and applications for
authorized users anytime, anywhere, on any devices. It is a major concern
due to the nature of cloud, whereby all services are made available mainly
over internet [6], which renders connectivity is a major issue particularly with
public and hybrid cloud [18]. In addition, enterprises rely on CSP to store their
data, backup and restore, which exposes them to high risk of losing data if the
CSP goes out of business or is affected by natural disasters. Moreover, because
CC is a shared resource environment where huge data and applications are

hosted in a cloud, it is prone to attacks such as denial of service (DoS) attack

[6].
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2.6.2  Economic Challenges

The perceived cost efficiency of cloud computing is the fundamental rationale for
moving to cloud environment for firms, However, studies shows that there are many

factors that need to be considered when deciding to migrate.

A. Costing Model

Migration to the cloud business model can significantly reduce the IT infras-
tructure cost, however it does raise cost of data communication. The cost of
shipping an organization’s data to and from the public and community cloud
and the cost per unit of computing resource used is likely to be higher in
many cases [21]. This cost is particularly prominent if the consumer organiza-
tion uses the hybrid cloud deployment model where the organization’s data
is distributed among a number of deployment model. Thus, on-demand cloud

computing resource usage makes sense only for CPU intensive jobs [21].
B. Charging Model

The elastic computing of resource pool has made the cost investigation signif-
icantly more complex than standard data centers, which often calculates their
cost based on utilization of static computing. Moreover, creating virtual server
has become the unit of cost analysis for the client organizations rather than the
underlying physical server. Because cloud resources are distributed and contin-
uously scaled to meet variable demands, it is a challenge to the CSP to manage

physical resources and estimate the actual cost of providing the service.

For SaaS cloud providers, the cost of developing architecture in which a single
instance of a software application serves multiple customers within their of-
fering can be very substantial. This include reconstruction of the software that
was originally used for single customer, the cost of providing new features
that allow for intensive customization of software, performance and security
enhancement for concurrent multi-user access, and dealing with complexities
induced by changes in the software. Consequently, SaaS providers need to con-
sider the exchange between provision of multi-occupancy and the cost reduc-

tion yielded by multi-occupancy. Therefore, a strategic and feasible charging
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model for SaaS provider is critical for the gainfulness and supportability of SaaS

cloud providers in cloud environment [21].
c. Hidden Costs

According to [22] 79% of companies are concerned about the hidden costs
of cloud services. According to this report SaaS model is regarded as having
fewer hidden costs. The rationality is that takes the responsibility of associated
costs and risks such as those pertaining to data backup, recovery and upgrad-
ing. SaaS costs are identified upfront, and the only risk factor is that the CSps
could change prices after subscribers or users need to change providers, or ac-
tual usage exceeds predicted consumption, resulting in higher charges. In PaaS
and IlaaS, user needs to consider additional costs including backup, disaster re-
covery, security control and costs related to controlling resources. In addition,
cloud user needs to estimate the expected cost of transferred inbound/out-

bound data.
D. Migration Costs

Although cloud computing is usually associated with no or minimal upfront
costs, enterprises with a large IT infrastructure could face some challenges
when migrating their IT services to the cloud environment. Migration costs
include replacing existing hardware that is incompatible with cloud technology,
recoding legacy applications to work with the cloud and providing training for

IT staff to enable them to deal with cloud technology.

2.6.3 Regulatory Challenges

Regulatory risks are understood as the legal problems related to data that has been
stored or processed across multiple countries that have different jurisdictions. Data
sovereignty and jurisdiction challenges is one of the top challenges for adopting

cloud service [23].
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2.6.4  Quality of Service Challenges

Cloud computing is an operation model that integrates many technological advance-
ments like virtualizations, multi-tenancy web services, and Service Level Agree-
ment (SLA) management for enterprise applications. This integration has simplified
the capacity provisioning process. However, it has also poses several challenges in
Quality of Service (QoS) management. This includes the challenges of performance,
reliability, and interoperability offered by an application and by the platform or in-

frastructure that hosts it.

A. Cloud Interoperability

CsPs usually offer proprietary applications to access their cloud. However, con-
sumers might want open Application Programming Interface (API) or stan-
dard APIs to become tenants of multiple clouds. This is a challenge for cloud
providers because this requires an agreement among cloud providers and an
upgrade of their proprietary applications to meet the standard. At present, each
cloud offering has its own way on how cloud clients, applications, and users
collaborate with the cloud, leading to the "Foggy Cloud" phenomenon [21].
This extremely prevents the advancement of cloud ecosystems by constraining

cloud data lock-in.
B. Reliability

Any CsP faces a major question in the form of reliability of the services. Private
clouds are always more reliable as all the service providing equipment’s, set-
up and data is within the organization. Public clouds, however, do not offer
that level of reliability as it depends on the availability of the service provider
as well as the internet connection. Hybrid clouds provide a medium level of
reliability as it combines the features of both public and private clouds as the

most accessed data is kept within the organization [24].
c. Performance

Cloud computing characteristics such as elasticity and accessibility promise to

provide a reliable service with high performance. However, according to [25],
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reliability and performance were considered the third major risk of adopting
cloud computing (55%) after security and integration with existing infrastruc-
ture, 63% and 57% respectively. The performance varies from high to low on

private and public cloud respectively.

2.6.5 Organization Challenges

Migrating of IT based services to the cloud can presents organizational challenges.
Those challenges include possible threats to business reputation because the CSP
could provide a low level of service, data could be breached to competitors or the
CSP could be terminated or acquired. In addition, as CC changes the way of provi-
sioning IT services, enterprises have to expect a major change in their IT strategy,
including IT architecture, data strategy, IT management and IT/ business alignment.
Consequently, SLA will be defined, business continuity strategy should be change
and define, the IT roles and responsibilities will change, requiring a new skills set

and training, which has resource implications for organizational strategy.

A. SLA

Cloud consumer organizations do not have control over the IT computing re-
sources, however they demand a guarantee to quality, accessibility, dependabil-
ity and performance of provided resources. CSPs usually publish a SLA, so that
their consumers are aware of the availability of service, QoS, downtime com-
pensation, and legal and regulatory clauses. Alternatively, customer-specific

SLA may be signed between a CSP and a consumer.

However, the demands of consumers vary significantly. It is not possible to
tulfill all consumer expectations from the service provider’s perspective, and
hence, a balance needs to be made via a negotiation process. At the end of the
negotiation process, the provider and the consumer commit to an agreement.
This SLA serves as the foundation for the expected level of service between the
consumer and the provider. QoS attributes are generally part of SLA. However,
these attributes change constantly, and to enforce the agreement, these parame-

ters need to be closely monitored. In addition, advanced SLA mechanisms need
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to always consider and incorporate user feedback and customization highlights

into the SLA assessment framework [26].
B. Disaster Recovery

Growing reliance on crucial computer systems means that even short periods
of downtime can result in significant financial loss, or in some cases even put
human lives at risk [27]. With migrating to cloud as result of system consol-
idation, systems are exposed for single point of failure. Cloud services shall
remain available to a user even in catastrophic situations and shall have the ca-
pability to recover to a safe mode. Hence building a recovery site for business
continuity a must option. Any offering that does not replicate the data and

application infrastructure across multiple sites is vulnerable to failure.

Table 2.1 summarizes the likelihood of the difference in terms of cloud deployment

models.

Table 2.1: Cloud Deployment Model Comparisons Adopted from [25], [28], [29]

Criteria Public cloud Private cloud Hybrid cloud
Confidentiality L VH H
Integrity L VH H
Availability VH M H
Scalability VH M H
Performance L H M
Reliability L H M
Control over re-|L VH H
sources

Firms capability to | L VH H
manage IT

Data Location VL VH M
Data privacy L VH M

Continued on next page
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Table 2.1 — Continued from previous page

Criteria Public cloud Private cloud Hybrid cloud
Short lead time VH Low M

Focus on core busi- | VH Low H

ness

Data and Applica- | VH H VL

tion Integration

Portability VH H VL

Reduce startup | VH L M

cost

Changing Capex -| VH VL L

Opex

Reduce total cost of | VH L M

ownership

Cost of use Pay-as-you-use High cost of ini- | Pay-as-you-use
tial set up

Cloud bursting Not supported Not supported | Supported

Note: VH=very high(s) , H=high(4), M= medium(3), L=low(2), VL=very

low(1)

2.7 SMALL AND MEDIUM-SIZED ENTERPRISES

The definition of enterprises varies significantly with place and the economy con-
cerned. It uses a number of variables to classify firms, many coming from various
governmental and official sources such as SME agencies, ministries, government in-

stitutions and national statistical institutions and bureaus around the world.

According to [30] in Ethiopia, there is no single definition of SMEs and there is incon-
sistency among different governmental organizations (e.g. Ministry of Trade, Central

Statistics Agency, and Federal Micro and Small Enterprises Development Agency) in
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defining SMEs. For the purpose of this study the criteria in Table 2.2 are considered

to define SMEs in Ethiopia as reported by [31].

Table 2.2: SMEs Definitions Adopted from [31]

Firm category categorization criteria

Micro Enterprises enterprises have 1to 5 employees
Small Enterprises enterprises have 6 to 30 employees
Medium enterprises | enterprises have 31 to 100 employees.

SMEs mainly differ from large firms in terms of size and structure of the firms, which
gives some advantages including fast communication among employees and their
ability to implement and execute decisions rapidly. On the other hand, they face
many challenges. Most of these challenges are due to SMEs’ lack of resources. These
limitations influence financing, planning and control, training and development, and
also using emerging IT that enable them to be competitive. SMEs have less compet-
itive advantage to deliver improved products and services because of limited re-
courses to access modern IT services. These firms are very important for economy of
a country. However, SMEs can remain competitive in this a fast-moving and volatile

market by increasing the ability to harness new technologies such as cloud comput-

ing.
2.8 CONCEPTUAL FRAMEWORKS

There are many theories and frameworks in Information System (IS) research, how-
ever, in this work we are restricted to theories and frameworks on technology adop-
tion. From the technology adoption theories and frameworks, the mostly used are
the Technology Acceptance Model (TAM), Theory of Planned Behavior (TPB), Unified

Theory of Acceptance and Use of Technology (UTAUT), DOI and TOE.

Basically IS adoption studies may occur at two levels of enquiry, individual and or-
ganizational [32]. At the individual level studies explore an actor’s tendency to use

an innovation either voluntarily or under the organization’s pressure while organiza-
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tional level studies address adoption behaviors at a firm level. From aforementioned
theories TOE and DOI both work at the firm level, while the resets are at individual

level.

2.8.1  Diffusion of Innovation (DOI)

Diffusion of Innovation theory [33] is a fundamental approach to investigating how
a new technology diffuses. It is concerned with the way how a new technological
innovation progresses from creation to use. DOI describes patterns of adoption, ex-
plains mechanism of diffusion, and assists in predicting whether and how a new
invention will be successful. DOI theory posits two categories of factors (innovation
characteristics and organizational characteristics) that influence a firm’s adoption of

innovation.

* Relative advantage - the extent to which an innovation is better than the previ-

ous generation’s;

¢ Compatibility - the degree to which an innovation can be assimilated into ex-

isting business processes, practices, and value systems;
¢ Complexity - how difficult it is to use the innovation;
¢ Observability - the extent to which the innovation is visible to others; and

¢ Trialability - the ease of experimenting with the innovation.

While the “Innovation Characteristics” explain a portion of the innovation diffu-
sion, these results are primarily based on studies at the individual decision-making
level. Although DOI appears to be most applicable to investigate innovation use,
researchers still keep searching other contexts influencing organizational innovative-
ness and combine them with DOI theory to provide richer and potentially more

explanatory models [34].
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2.8.2  Technology Organization Environment Framework

TOE framework provides a multi-contextual lens for analyzing a firm level IS adop-
tion [35]. It categorizes the factor which influence technology adoption in organiza-

tion into three categories:

¢ Technological context describes characteristics of the technologies that will in-
fluence decisions about IT adoption, such as technology readiness, perceived

benefits, and concerns about the technology.

* Organizational context addresses the behaviors and characteristics of the orga-

nization that will also influence IT adoption decisions.

e Environment context is the arena in which a firm conducts its business, its

industry, competitors, and dealings with government.

2.8.3 DOI and TOE

The DOI theory’s internal and external organizational characteristics include the
same measures as TOE’s organizational context, and the technological context is im-
plicitly the same idea as that of DOI. There are also vital differences between the
two frameworks. TOE does not specify the role of individual characteristics whereas
the DOI theory suggests the inclusion of top management support in the organi-
zational context. Similarly, DOI does not consider the impact of the environmental
context, but the TOE framework helps to provide a more comprehensive perspective
for understanding IT adoption by including the technological, organizational, and

environmental contexts, thus the theories meaningfully complement each other [36].

2.8.4 Analytic Hierarchical Process

Selecting a cloud deployment model for an enterprise that fits best to its context
can be regarded as a complex decision making process. It involves multiple criteria,
alternative and may also involve a number of decision makers. It is very important
that an informed decision making must be made at the initial adoption stage. The de-
cision should allow firms to select the most effective and efficient cloud strategy for

their business. Hence, the problem requires an elaborate and systematic approach.
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And the approach should let decision participants involved in this process to evalu-
ate different alternatives by considering multiple sets of factors, and expressing their

preferences on factors that affect the choice of cloud deployment.

AHP is a practical and effective method used for solving a wide variety of Multi-
Criteria Decision-Making (MCDM) problems. It helps decision makers in solving
structured problems, problems that require an assessment. The AHP process pro-
vides the decision makers with ranking of alternatives with preference of the deci-
sion maker business. To obtain rational decisions using AHP, decision makers need
to conduct some steps. To obtain rational decisions using AHP, decision makers need

to follow five steps as presented in Figure 2.2.

7~
Deve1!6p|ng ,2' . Calciiating Calc:lﬁting . 5
AHP W;'i?: r?:g the weight of || the weig_ht of ZT)OIS:;;ZQ
hierarchy each criteria alternatives
A

Figure 2.2: Steps in AHP Analysis

The AHP based decision start by developing the problem hierarchy which can be

layered as:
* Objective layer: - presents the objective of the MCDM.

¢ Criteria layer: - comprises the business requirements that creates the ambigu-
ity for decision makers. Basically these parameters include tradeoff between

decisions.
* Sub criteria layers: - further decomposes the criteria layer.
* Alternative layer: - list of possible solutions to fulfil the business requirement.

The evaluation of the components of the hierarchy involves pairwise comparison of
the criteria. In pairwise comparison, decision maker compares one criteria against
another criterion for a particular alternative and indicates the relative importance by
using scale of absolute numbers between 1 and 9. The scale of relative importance

used in AHP according to [37] is showed in Table 2.3.
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Table 2.3: Scale of Relative Importance used in AHP Adopted from [37]

2.8 CONCEPTUAL FRAMEWORKS

Scale Definition
1 Equal importance
3 Slightly more important
5 Essential or strong importance
7 Very strong importance
9 Extreme importance
2,4,6,8 Intermediate values

The pairwise comparisons performed by the decision maker are constructed as an n

x n matrix. Consider matrix.

1 ai ain
1
ay ... 1
1
1/am oo e 1

(2.1)

where aij expresses the relative importance of Xi over Xj. In pairwise comparison

matrix if decision maker indicates the preference as 9, it indicates the criteria is

extremely important than the other. 1/9 indicates that the criterion is extremely less

important than the other. Once the pairwise comparison matrix is constructed the

local priority can be identified by obtaining the priority vector.

The most popular method to estimate the priority vector is the method proposed by

[38], called the Eigenvalue method. According to the Eigenvalue method, the priority

vector w is calculated as the eigenvector of A and Apmax the maximum eigenvalue of

A. Amax is calculated by solving Equation 2.2 [39].
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AW = Apax W (2.2)

where

> Wi=1

The next step in AHP is to calculate the consistency index (CI) to check for incon-
sistencies in pairwise comparisons. The consistency index (CI) is calculated using

Equation 2.3 [39].

Cl = (Amax —M)/(n—1) (2.3)

where n is the number of compared elements. Once equation (3) is calculated, con-

sistency ratio (CR) can be calculated by using Equation 2.4 [39].

CR = CI/RI (2.4)
where Rl is the random index which can be obtained from the Table 2.4.

Table 2.4: Random Consistency Index (RI) for Different Values of N Adopted from [37]

Matrix size (n) 3| 4 5 6 7 8

0|0]058]|09]1.12]|1.24| 1.32| 1.41

RI

If the consistency ratio (CR) is less than o.1, it means the calculated priorities are
consistent. If the consistency ratio is larger than o.1, re-evaluation is required which

usually will need the whole pairwise comparison checked by the decision maker.

The beauty of the AHP is that a number of decision makers can be participate in
making the choice of alternatives. However, factor preferences may have varied from
one panel member to another, hence; there is need to aggregate results for all par-

ticipants. This can be achieved by computing geometric mean method (GM), using
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Equation 2.5, below. As indicated in [40] geometric mean method procedure is pre-
ferred over arithmetic mean due to its ability to reduce very high or low values,

which might bias arithmetic mean, and hence less affected by extreme values.

(2.5)

where:
n is number of expert or decision makers

ajj(k)= numerical value of expert k in the corresponding pairwise matrix (i-th row

and j-th column).

Once the pairwise comparison is done at each layer the final task is to compute the

global weight to rank the alternatives using Equation 2.6.

K
Al = Z WxTix (2.6)

x=1
Where A; is value score for alternative i, and Wx is weight priority for criteria x
(T < x < k) and Ty is relative weighting of alternative i supports factor x and K is

the number of criteria.



RELATED WORKS

This chapter is dedicated to related works. It presents previous studies on cloud
computing adoption using different adoption theories, and application of AHP in

different prior studies that need MCDM.

3.1 CLOUD COMPUTING ADOPTION

There is a growing body of research on the cloud computing. Most of the researches
on cloud computing focus on the technological aspects such as virtualization, secu-
rity, and scalability of the technologies. The following are researching that focus on

cloud computing adoption using different adoption theories.

A TOE based study was conducted by [16] to investigate the major factors affect-
ing cloud computing adoption among SMEs. Data was collected by conducting semi
structured interviews with nine companies. The study shows factors, relative advan-
tage, uncertainty, geo-restriction, compatibility, complexity, trialability, size, top man-
agement support, prior experience, innovativeness, industry, market scope, supplier

efforts and external computing support are affecting cloud computing adoption.

A Triple-T model is proposed in [4] to study empirical analysis for the factors af-
fecting the adoption of cloud computing initiatives by information technology exec-
utives using multi perspective approach. The model is an integration of the social
exchange theory and the technology acceptance model, in order to evaluate cloud
computing adoption process from a multiple perspective. This research investigates
whether the ambiguous benefits of cloud computing outweighs its disadvantages.
A total of eight benefits (cost reduction, short time to market, automation, space
savings, scalability, flexibility, remote implementation and broad access) and eight
disadvantages (control issue, standards issue, privacy issue, loss of data, indetermi-

nacy, business continuity issue, the patriot act and lack of privacy) were identified.
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And the study concluded that organization who adopt will have a net balance of

benefits.

The authors in [41] have used Political, Economic, Social, and Technological (PEST)
analysis to identify issues associated with cloud computing adoption by enterprises.
The study investigates specifically with SMEs and how to cope with these barrier
issues. The analysis, conducted by scoping published literature, only provided exter-
nal issues associated with cloud adoption disregarding the impact on organizations’

behavior.

A cloud adoption research study in [42] has investigated factors that influence the
adoption of cloud service on the context of Korea. The study was grounded by TAM
framework. The study was focused on one of the cloud delivery model (IaaS) and
key influencing factors were identified that affect the decision behaviors. The study
finally revealed that only perceived security had significant effect on company’s
decision to adopt IaaS while perceived scalability and perceived ease of use did not

have a considerable impact on adoption of IaaS.

A study conducted documented in [43] on factors affecting cloud computing in de-
veloping economies specifically to SMEs, shown that meta-factors like cost saving in
IT purchases and operation, improved communication, scalability, business continu-
ity and increase in productivities are drivers for adoption. And the main barriers of
adoption cloud computing are lack of skill and knowledge, poor connectivity, secu-
rity and data privacy, lack of trust and difficulty in integrating with in-house systems.
Moreover, the study indicates that top management support, triable of cloud services,
resistance to new technology, presence of existing infrastructure and compatibility
with cloud services, competence of cloud provider and vendor support are the most

influential organizational factors used in the adoption decisions.

A cloud adoption study in [44] has investigated the extent of cloud adoption and the
perception of employees in IT and Telecommunication firms in context of Nigeria.
The study indicates that the inspiring factors for cloud adoption includes increased
focus on primary services, increase productivities and simple service provision. And

aspects that sluggish adoption of cloud computing include; poor awareness of cloud
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computing, power interruption, complexity of cost, poor connection, security and
P & P P P y P y

privacy.

A research conduct by [45] on sectorial adoption analysis of cloud computing through
examining the dissatisfied landscape has identified four key adoption barriers. This
barrier factors were vendor related risks, security related risks, no-gain risk and ef-
ficiency related risks. The study was conducted in context of four industry sectors
(SMEs education, Banks and hospitals). The study indicate that the major risk associ-
ated within the SMEs is the vendor related risks and then the security risks. While
education sector the major risk associated was also the vendor related risks and then
the efficiency risks and security risks. In the hospital and banking sector, the major

risks were the security risks.

A framework is proposed in [46] that combines cloud readiness prediction and rec-
ommendation on the context of Ethiopian organizations using multi perspective ap-
proach. The framework was grounded by three theories (TAM, TOE and DOI). The au-
thors developed expert system combines cloud readiness prediction and recommen-
dation, and provides an automated solution. The proposed theoretical framework is
used as a foundation for predictive analytics and provides recommendation related
to the appropriate cloud deployment and cloud service model. The study identified
12 readiness factors in order to determine organizational cloud readiness; however,
the research design does not analyze the significance of these factors by firm size.
Further transparency into the cloud adoption construct is required to clarify possi-
ble adoption variations by firm size. This is due to firm size is typically associated
with successful IS adoption [47]. Larger firms are considered better suited to adopt a

new IS due to the availability of slack resources and increased financial commitments
[48].

A ground theory based study was conducted in [12] has investigated factors on
adoption issues for Ethiopian public and private enterprises. The study has revealed
Ethiopian enterprises are yet to adopt cloud computing as an IT provisioning method
and they lack awareness of the advantages and disadvantages of adopting cloud. The
enterprises are concerned with challenges like security, privacy and trust issues as

well as government telecommunications infrastructure policies and cloud technology
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skills acquisition. Moreover, as reported in [49] the propounds that the capacities and
influence of cloud computing to companies in the developing world are inconsistent.
the study indicates, the greatest barrier to adoption and effective utilization of cloud
computing on the level of penetration of the PC and on the availability of good inter-
net connection. The study did not examine or identify organizations’ cloud adoption
decisions but highlighted it as an area that needs further research.
Moreover, as it can be seen from Table 3.1 the research factors used by different
scholars in investigating the adoption determinants are different. This indicate that
the adoption of cloud computing can be affected by different factors in different
context.

Table 3.1: Summery of Adoption Related Works

Theoretical Model Research factors References

TOE and DOI External support; competitive pressure; decision [50]
maker’s innovativeness; decision maker’s Cloud
knowledge; employee’s Cloud knowledge; firm’s in-
formation intensity; relative advantage; complexity;
compatibility; security and privacy; trialability; and
cost.

TOE and DOI Relative advantage; uncertainty; compatibility; com- [51]
plexity; trialability; size; top management support;
innovativeness; prior IT experience; competitive
pressure; industry; market scope; supplier effort;
and external computing support

TOE Relative advantage; complexity; compatibility; top [52]

management support; firm size; technology readi-
ness; competitive pressure; and trading partner pres-

sure.

Continued on next page
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Table 3.1 — Continued from previous page
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Theoretical Model Research factors References

TOE and DOI Relative advantage, complexity, Technology readi- [53]
ness, Top management support, Firm size, Compet-

itive pressure and Regulatory support.

TOE and DOI Relative advantage, compatibility, Security Con- [54]
cerns, Cost Saving, Technology Readiness, Top Man-
agement Support, Competitive Pressure and Regu-

latory Support

TOE RA, Compatibility, Existing Infrastructure, Complex- [55]
ity, Firm Size, M-Support, Skill, Competition, regula-
tions, Security, Network, Electric Power, Cost, Con-
sistency, Availability, Risk of Failure

TOE-DOI RA, complexity, compatibility, M-support, firm size, [56]
TR & External pressure,

DOI Business process complexity, entrepreneurial cul- [57]

ture, compatibility, application functionality

Although there is a growing body of research on the cloud computing and its ap-
plications penetrating to the organizational setting, many existing works are on the
context of developed countries. In contrast, little has been studied regarding the use
of cloud computing in developing countries particularly the SMEs perspective where
its many benefits have been widely publicized. There is a lack of studies examining
the adoption of cloud computing considering organizations with in the developing
countries like Ethiopia. Although worldwide research may be applicable to these
countries to at least some extent, research regarding adoption of cloud technologies
is not fully generalizable to the corporate environment. The rationality for this is
that the influencing factors can vary based on firm’s technological, organizational
and environmental contexts [49], [58]. For example, firm may operate at different
level of technological reediness or countries regulations that can motivate or inhibit

to harness the adoption process.
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Moreover, there may be determinants that can be overseen by other context, but that
cab be an important factor in some firm context. Based on our knowledge from the
literature review, most studies did not consider the location of the CSP as determi-
nants of cloud adoption while the location can be an influential factor in developing

countries like Ethipia considering most of the CSPs are over the sea.

3.2 ANALYTIC HIERARCHICAL PROCESS

As discussed previously, cloud services have many pros and cons with many at-
tributes and sub-attributes which makes the selection of best fit deployment for SMEs
a complex task. This problem in the literature is defined as MCDM, where decision
makers choose or rank alternatives on the basis of an evaluation of several criteria.
Decision making involves managing trade-offs among a number of criteria that are

in conflict with each other.

There are numbers of MCDM techniques such as Multiple Attribute Utility Theory
(MAUT), outranking approach, AHP, Technique for Order of Preference Similarity
to Ideal Solution (TOPSIS), and decision matrix. However, it has been argued that
the AHP approach is more explanatory, reliable and accurate than other weighting
methods [59]. In addition, AHP provides methods to check the consistency of data
entered by decision makers [60]. In contrast, one of the disadvantages of AHP is that
the number of pairwise comparisons may be large if there are a large number of

factors [61].

AHP is one of the most impressive MCDM techniques used for solving multi-criteria
and complex decision problems. According to the method, the decision maker pro-
vides judgments concerning the relative importance of each criterion and afterwards
decision maker determines a preference for each alternative choice with regard to
each criterion. The outcome of the method is the attribution of a score for every

alternative choice based on the overall preferences expressed by the decision maker.

As it is shown in Figure 3.1, the overall goal, that is the issue the decision maker has
to deal with, is stated in the first level of the hierarchy, whereas the criteria that affect

the decision are depicted in the next level. The last level of the hierarchy contains
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Criterion 4 |

Akernative 1 ‘ | Alternative 2 ‘ { Alternative 3 ‘

Figure 3.1: General Structure of a AHP Adopted from [62]

the alternative choices for the problem. These choices will be evaluated according to

the criteria that have been chosen.

AHP has been used to solve a wide range of problems. Among many others, appli-
cations of the AHP are met in problems of resource allocation [63], cloud provider’s
selection [64], ranking of CC services [65] and selecting cloud deployment model

[66]-[68].

The fact that CC adoption determinants are influenced by firms context, the criteria
for selecting the cloud deployment is also expected to vary. Hence it is important
to study the criteria with related to the cloud adoption determinants. In this study
the AHP model was devolved based on the output of the context of Ethiopian SMEs

analyzed by hybrid of TOE and DOI adoption frameworks.
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This chapter outline the research methodology to tackle the research problem. The
outline includes three stages. In stage one an appropriate research model has devel-
oped based the knowledge developed in Chapter 2 and Chapter 3 and the research
motivation. And an appropriate hypothesis has developed for the research model.
In stage two methods and Instrument has developed to test the proposed model
and generated hypothesis. In stage three data processing methods has developed for

model verification.

4.1 RESEARCH MODEL

As stated in Chapter 2 TOE and DOI are the two conceptual frameworks that are
widely used in firm level adoption studies. And these conceptual frameworks are
meaningfully complement each other [36]. It is also stated that prior studies have
indicated diffusion of innovation depends on different factors [4], [16], [41]. Con-
sequently a number of scholars have tried to determine the factors that influence
the diffusion process of cloud computing [411]-[57]. Also according to the literature,
the attributes of innovation and change characteristics variables are dominantly used
factors. Relative advantage, business concern and organizational innovativeness have
the most significant influence on cloud adoption decisions. In addition to these three
factors, technological readiness, and external pressure are also important factors in
the context of cloud computing. In addition, as stated in Chapter 3 this research has
considered the physical location of the cloud provider is an important determinant
of cloud adoption in contexts to the developing countries” firms where majority of

the cloud providers are over the sea.

Hence, to study the adoption of cloud computing by SMEs, a new conceptual model

was developed combining two different theoretical models as shown in Figure 4.1.



4.1 RESEARCH MODEL

According to this model, six variables are influence the SMEs” decision to adopt cloud

computing:
* Relative advantage

e Business concern

Organizational innovativeness

Technological readiness

External pressure; and

Physical location

Innovation Context ‘

Relative Advantage '

Business Concern Cloud D_’""“'"“e“t
Selection Model
Technology Context
Technology- Regression Analysis
Readiness ;
Adoption
Organizational Context intention — Selection Criteria

Organizational-

Innovativeness ‘ ‘

Control variable
Environmental Context | ’

DR Firm size Private  Hybrid  Public

Physical Location

Figure 4.1: Proposed Conceptual Framework for Cloud Adoption

A firm size is one of the most critical determinants in innovation diffusion profile
[33]. It has been considered to be an important predictor of ICT innovation adoption
in [51]-[53], [55], [56]. Hence, this research considers that if these six determinants
influenced the adoption of cloud by SMEs, this influence would vary based on firm
size. Therefore, firm size is focused on three categories micro, small and medium as

indicated in Table 2.2 and is considered as a control variable within the study.

The dependent variable, cloud adoption intention is sought to measure the percep-
tions of SMEs” decisions towards cloud adoption . The proposed research model de-

picts the relationships between selected constructs across the DOI and TOE contexts
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expected to influence the cloud adoption. The control variable (firm’s size) allow for

focused analysis of the relationships between independent and dependent variables.

Besides, the output of the regression analysis will refine to generate a context based
criteria and sub criteria for cloud deployment selection model. The research model
depicts that if the firm’s size influence the CC adoption, the CDSM will vary among

the SMEs size (micro, small and medium).

4.2 HYPOTHESIS DEVELOPMENT

This section provides a description of each TOE and DOI context and the hypothe-
ses formulated to present the relationships between model constructs. The model
relationships between independent and dependent latent variables are designated

as positive or negative.
* Relative Advantage

Relative benefits describe the benefits a firm anticipates in procuring the adoption of
a new IS innovation over the current systems or processes in use [69]. These benefits
include both direct savings and efficiencies brought by the new system as well as
the indirect impacts accruing to the enterprise. Prior studies have presented relative
advantage as one of the most important attributes of innovation adoption [4], [6],
[16], [20], [41]. As stated in Chapter 2 cloud computing has numerous advantages

that can be entertain by firms who adopt the technology.

H1: Expected benefits will positively impact cloud computing adoption.
* Business Concerns

Business concern is a critical factor that affect an organization’s decision to adopt
CC for numerous reasons. The importance of this determinant related to innovative
technology has been shown in previous studies [48]. This factor refers to perceived
problems or risks that a firm can encounter by adopting an innovation. Some of the
business concerns related to cloud includes data lock-in, confidentiality, poor Qos,

bandwidth bottlenecks, and reliability [5].
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When SMEs decision is made to cooperate with a certain cloud provider, firm needs
to upload data and perform operations on provider’s cloud platform. Hence firm
not only relies heavily on the single CSP but also runs the risk of breaches of confi-
dentiality. Moreover, since CC relies heavily on Internet to transfer data and provide
services, there is a possible bandwidth bottlenecks and infrastructure level issues
that may occur due to different degrees of infrastructure completeness. Hence, with
this uncertainties QoS between service providers and firms are difficult to predict,
measure, and maintain [5]. The levels of performance, reliability, and availability
offered by an application, platform or infrastructure has great significance on the

adoption [70].

As reported by [70] QoS in developing countries is affected by number of factors.
This includes (1) lack of basic infrastructure such telecommunications, electricity; (2)
Low coverage of broadband network; (3) Major CSPs are overseas companies hence
there is a lack of control of an organization ‘s assets and required higher bandwidth

internet. Thus the argument above leads to the following hypothesis:

Hz2: Business concerns will negatively impact cloud computing adoption.
¢ Technology Readiness

Technology context refers to the technological characteristics available in the orga-
nization for adoption of emerging technology. It includes both structural aspects
and specialized human resources. Structural aspects refer to the platform or tech-
nological infrastructure (e.g., installed network technologies and enterprise systems)
within the firm that cloud services can complement or replace. Specialized human re-
sources are the people within the organization who have the knowledge and skill to
implement cloud services [35], [69]. Together they enhance technological readiness
of an organization. Therefore, firms with a higher degree of technological readiness

are better positioned for cloud adoption. Hence,

H3: Technology readiness will positively influence cloud computing adoption.

* Organizational innovativeness
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Organizational innovativeness refers to organization’s orientation toward innovation,
and the openness to new concepts based on the organization values [71]. This ten-
dency for gaining of new ideas and better ways of doing things can infiltrate through-
out an organization, which can result in greater employee acceptance of a new in-
formation system. Firms with this orientation and values towards innovation will

probably consider adopting new technical innovations [71].

Hg4: Organizational innovativeness will positively impact cloud computing adoption.
¢ External pressure

External pressure refers to factors outside an organization such as competitors, gov-
ernment regulations and industry. This can be seen from three pressure perspectives
(pressure from trading partners, competitive pressure, regulations and government
policies) [71]. Trading partner pressure suggests that perceived pressure from up-
stream and downstream business partners influences a firm to adopt new technol-
ogy in order to maintain cooperative relationships. Competitive pressure is perceived
pressure from business competitors that forces a firm to adopt new technology for
the sake of maintaining competitiveness. Regulations and government policies refers

that governmental support requires a firm to adopt new technology.

Hs: External pressure will positively impact cloud computing adoption.
¢ Physical location

Physical location of data is a critical factor that affect an organization’s decision to
adopt cloud for several reasons. As stated in Chapter 2 there is no agreed interna-
tional policies or regulations for data protection in cloud environment and it could
be risky for firms to migrate computing services to cloud if the cloud provider is
located outside of their territory. As reported in [72] some cloud providers store user
data in another country without disclosing this to the end users which could result
in loss of privacy. Furthermore, majority of the CSPs like Google, Microsoft, Amazon
and IBM are overseas companies. Hence, cloud services could require higher band-
width, which has direct impact on the cost and quality of service. On the other hand,
local CsPs like telecom operators are preferable by SMEs than overseas CSPs because

of their local existence, last mile internet connectivity and strong SLA experience
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[73]. Hence physical location of CSP determines cloud adoption of firms. Thus the

argument above leads to the following hypothesis.

Hé: Physical location will positively impact cloud computing adoption.

Table 4.1 presents the summary of the main constructs considered for the research.

Table 4.1: Summary of Constructs Used in the Research Model

Construct

Item

References

Relative Advantage

RA1: 'Reduce information technology

costs (like maintenance)’
RA2: "Ensure fast time to market’

RA3: "Ensure high scalability of IT re-

source’

RA4: "Outsource IT services and focus on

core competencies’

RA5: "Lack of internal IT resources’

[2], [5], [7], [41]

Business Concern

BC1: 'Customer or confidential informa-

tion leakage’

BCz:'Difficult to integrate with previous

IT systems’

BC3: "Cannot provide solid quality guar-

antee’
BC4: "Poor network transfer speed’

BCs: "Confined to a particular provider,

difficult to switch (data Lock-in)’

BC6: "Loss of control over IT resources’

[1], [5], [53], [74]

T-Readiness

TR1: 'The organizations connectivity to
the internet is adequate for cloud comput-

ing services’

[52]-[55], [75]

Continued on next page
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Table 4.1 — Continued from previous page

Construct

Item

References

TR2: "Within this company the necessary
skills to implement cloud computing ex-
ists’

TR3: "Our organization knows how IT can

be used to support operations’

O-innovativeness

IO1: "Our organization readily accepts in-

novations based on research results’

I02: 'Management in my organization ac-

tively seeks innovative ideas’

I03: ‘Innovation is readily accepted in

this organization’

[74], [75]

External Pressure

EP1: 'Our organization thinks that cloud
computing has an influence on competi-

tion in this industry’

EP2: “Cloud providers pressuring our or-
ganization to buy their cloud computing

products’

EP3: ‘Some of our competitors have al-
ready started using cloud computing’
EP4: 'Policies and regulations of the gov-

ernment are in favor of adopting cloud

computing solution’

(531, [54], [75]

Physical Location

PL1: 'Our organization feels secure stor-
ing data in Cloud if the data center is lo-

cated in Ethiopia’

Added

Continued on next page
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Construct

Item

References

PL2: ‘Our organization feels a loss of pri-
vacy if the Cloud services run from a dif-
ferent country, as different privacy legis-

lation applies’

PL3: 'Our organization feels locating
cloud service on long geographical dis-
tance (overseas) will have an impact on

quality of service’.

Firm Size

Size of the firm based on number of em-

ployees and revenue.

[53], [75]

Adoption intention

AD1: ‘Our organization intends to adopt
cloud computing’

AD2: 'Our organization feels that the or-
ganizations need can be met by Cloud
computing’

AD3: Our organization will take steps to

adopt Cloud computing in the future’

ADy: Our organization will adopt Cloud

computing within the next 12 months’

[53], [76]

4.3 TESTING PROPOSED CONCEPTUAL FRAMEWORK

To test the proposed conceptual framework and generated hypothesis we collected

data from Ethiopian SMEs. A survey questionnaire was used to collect relevant data

to test the framework and identify cloud adoption determinants. The questionnaire

survey approach was also considered because many studies based on diffusion of

innovation in the IS domain have used this approach to identify the determinants in-

fluencing the adoption of cloud services and to test adoption conceptual frameworks

[50]-[55].




4.3 TESTING PROPOSED CONCEPTUAL FRAMEWORK

4.3.1  Questionnaire Design

The study has developed an instrument aimed to capture respondents” opinions to
determine determinants that influence decision to adopt cloud computing. A closed-
ended question style was employed that allowed respondents to select the answer
that best fit their opinion. This type of question style was selected because it is easy
to answer and can be completed within a short period of time. In addition, it is easy
to code and analyses. However, closed-ended questions have limitations in allowing

participants to respond to questions exactly as they would like to answer them.

The questionnaire was divided into two sections. The first section included ques-
tions relating to demographic information of each respondent’s organization. The
second section contained items used to study determinants concerning the adoption
of cloud by SMEs. Table 4.2 presents summary of the number of instrument used on

this research.
Table 4.2: Summary of the Questionnaire Instrument

Construct Code Scales used No. of questions
Adoption  Inten- | AD 7-point Likert 4
tion

Relative ~ Advan-| RA 7-point Likert 5
tage

Business Concern | BC 7-point Likert 6
Technological TR 7-point Likert 4
Readiness

Organization inno- | IO 7-point Likert 3
vativeness

External Pressure | EP 7-point Likert 4
Physical Location | PL 7-point Likert 3

4.3.2 Sampling Design

Different studies have indicated the importance of sample design. It is agreed that

proper sampling is important in generalizing the result of data analysis for pop-
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ulation. As recommended in [77] the minimum sample size required in order to
perform a factor analysis is 50. To determine the minimum sample size requirement
for factor analysis a more rigorous method has proposed in [78]. As illustrated in
[78] the sample size (N) is a function of the square of the number of variables (V)
plus a modifier of 50 to 100 to be added in order to ensure reliability when the

sample sizes are small. This approach yields the following Equation 4.1:

N> V2475 (4.1)

and using seven variables and a modifier (50+100)/2=75

N>72+75=124

The research adopts this sampling approach. Hence, the study consists of sample
145 Ethiopian SMEs which are collected by stratified sampling through ethio telecom

enterprise interface and ICT Expo Ethiopia 2018.

4.4 DATA ANALYSIS

In order to test the hypothesis developed several procedures and analyses were used.
For analysis we used a statistical software package called IBM SPSS v25 to provide
descriptive and relating statistics for the required analyses and tests. Once we com-
pleted the data aggregation task in Microsoft Excel, the results data then loaded into
the SPSS. To drive statistical significant conclusion, the desired confidence level must

be set first. In this work, we set the confidence level to 95% as recommended by [79].

4.4.1 Data Screening

The collected data has been processed using number of approaches to fulfill the
requirement for multivariate analysis. Data were screened for missing data and in-

clusive criteria.
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4.4.2  Outliers

Outliers are extreme data points that are very different from the rest of the data
which can have an influence on conclusions drawn. In this work for each indepen-

dent variable, outliers were identified by using boxplots in the IBM-SPSS tool.

4.4.3 Normality

Normality is one of the assumptions required for several model tests [77], [79]. The
normality distribution for all the determinants used in this research was checked
using skewness and kurtosis data analysis. Skewness is measure of the symmetry of
a distribution in comparison to a normal distribution. The skewness measure value
could be positive, negative or zero. A positively skewed distribution has relatively
few large values and tails off to the right, and a negatively skewed distribution
has relatively few small values and tails off to the left. Zero value skewness indi-
cate the data is perfect normal distribution. On the other hand, Kurtosis measures
the peakedness or flatness of a distribution by comparing with a normal distribu-
tion.The Kurtosis measure value could be positive, negative or zero. A positive value
indicates a relatively peaked distribution, and a negative value indicates relatively

flat distribution. Zero value kurtosis indicate the data is perfect normal distribution

To decide where the data is normally distributed or not using the two data analysis
method a threshold value has recommended in [77]. According to the recommenda-
tion in [77] skewness and kurtosis values between -1.96 and +1.96 are considered to
approximate normal distributions. In this work all the independent variables were
checked for normal distribution using the skewness and kurtosis analysis. Moreover,
the normality test of the dependent variable was tested using Shapiro-Wilk test of

significance [77].

4.4.4 Data Reliability Measures

In order to use the collected data for model testing and verification the data was
checked from reliability perspective. Reliability is concerned with how much ran-
dom error in a measurement. Basically it refers to the consistency of measures. Con-

sistency can be over a time (test-retest reliability) or across items (internal consis-
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tency). Internal consistency refers the consistency of people’s responses across items
on a multiple-item measures. In general, all items on such measures are supposed
to reflect the same underlying construct, so people’s scores on those items should be

correlated with each other.

Cronbach’s alpha coefficient is commonly used by researchers to measure reliabil-
ity of internal consistency of data. It defines whether different items that intend to
measure a construct actually measure that specific construct. In this work a reliabil-
ity coefficient of 0.70 or higher was considered acceptable as recommended in [77].
Moreover, the inter-item and item-total correlation should be more than 0.3 and 0.5

respectively as noted in [77].

4.4.5 Data Validity Measures

Once the data was verified for reliability, the next task was to validated the data
measures. In this study, content validity of the research instrument was established
in developing this instrument, through literature review and extensive process of
construct selection and refinement. The selected constructs were used to measure the
research determinants (AD, RA, TR, IO, EP and BC) adopted from prior research and
adapted to suit the context of this study. In addition, the instrument was reviewed for
content validity by 5 SMEs, and three M.Sc. students from Addis Ababa University.
The selected items of the instrument were also reviewed by two academics from
Addis Ababa University and were indicated to be relevant. Based on the suggestions

of the three aforementioned parties the research instruments were modified.

Furthermore, construct validity involves of two other components, convergent and

discriminant validity. Construct validity of measures was verified by means of Principal

Component Analysis (PCA). The purpose of PCA was to evaluate whether all the
items intended to measure each construct loaded highly onto their expected theo-
retical constructs [77]. Convergent validity assesses whether items supposedly mea-
suring the construct cluster together to form that construct. Discriminant validity

defines whether a construct is different to another construct [77].

The PCA process started with the impost of fitness of the data for factor analysis.

There are two main areas to stress in describing whether a particular data set is
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suitable for factor analysis (sample size and the strength of the relationship among

the items).

The Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy, and Bartlett’s test of
Sphericity significance level were two methods used to assess the factorability of
the data. The KMO is a summary statistic that ranges from 0.0 to 1.0 where higher
values indicate an adequate sample size suitable for factor analysis [79], [80]. As
recommendation in [79] a minimum value of 0.6 was used as a cut-off point to assess
the suitability of the sample size. The significance level (p<.05) of Bartlett’s test of
Sphericity shows that there are adequate relationships between items and that factor

analysis is appropriate [79].

Once the PCA execution was performed and the items were validated, for each con-
struct a summated scale (composite value) was created for model test. In this study
the composite values were calculated based on the average of variables in the scale

as recommended in [77].

4.5 MULTIPLE LINEAR REGRESSION

The final step of the analysis was to use multivariate analysis to estimate the rela-
tionship between the dependent and independent variables based on the compos-
ite value. The direct relationships between independent and dependent variables
towards the adoption of cloud computing by SMEs were examined using MLR. A si-
multaneous entry method was chosen to perform this analysis, since all the indepen-
dent variables were considered to be equally important and grounded by conceptual
framework. The relative contribution of each determinant towards cloud adoption

was assessed based on this method.

4.5.1  Assumptions of the MLR Analysis

Prior study has recommended to perform pre data analysis for number of assump-
tions before executing the regression analysis. In this study, all assumptions of multi-
ple regression analysis were checked including sufficient sample size, multi collinear-

ity, outliers, normality, linearity and homoscedasticity using different methods.
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¢ Sample size

Proper sample size is needed in executing MLR analysis. As reported in [80] an
appropriate number of cases required for the MLR analysis was determined based

on the formula presented in Equation 4.2.

N > 50+ 8m (4.2)

where m = number of independent variables; and N = number of cases required.
Since there were six independent variables, a minimum 98 cases were required. Our

study has included 136 cases.
¢ Linearity

It implies that the relationship between the dependent and independent variables
are linear, and the errors are random [80]. One simple way to diagnose potential
linearity bias is to review the scatter plot graph of standardized residuals against

standardized model predicted values (zpred vs. zresid in IBM-SPSS tool) [80].
¢ Normality

MLR requires the normality assumption to be met. Otherwise, the coefficient and
confidence intervals calculation will not be accurate. Additionally, certain significant
tests rely on the assumption of normally distributed errors. One of the common
contributors to non-normality is outliers. The common normality tests include the

review of histograms and P-P plots [80].
¢ Homoscedasticity

When the variance of errors is not persistent at different values of the predictor vari-
able, the coefficient estimation and confidence interval calculation may not accurate.
It indicates giving too much weight to a small subset of observation data with large
variance of errors. To diagnose a homoscedasticity situation, we can use a scatterplot
for the criterion variable against each predictor variable or a plot of the standardized

predicted value against standardized residual values [80].
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* Independence

Independence means each predictor or determinant variable is independent with
other predictor or determinant variables. Durbin—-Watson statistic is one method
to determine whether sample objects are independent to each other by checking
whether their corresponding residuals are independent. The test result can have a
value between zero and four. A value of two indicates that residuals are independent.
Nevertheless, when the test value is less than one or greater than three, it illustrates

the violation of the independence assumption [79].
* Multi collinearity

The multi-collinearity assumption indicates the high correlation that may exist among
independent variables. It is expected to have less correlation among independent

variables, and high correlation between dependent and independent variables.

Two of the most popular measures of examining multi collinearity among indepen-
dent variables are tolerance and Variance Inflation Factor (VIF). Tolerance is the direct
measure of collinearity, while VIF is the inverse of tolerance value. A high level of
tolerance and a low level of VIF mean a low degree of multi collinearity. The rec-
ommended threshold for tolerance is 0.1 which is equal to the value of 10 for VIF.
Any value tolerance value lowers than 0.1 and VIF value higher than 10 is not recom-

mended [77].
e Qutliers

In this study outliers were checked by inspecting Cook’s distance. Cook’s distance
is a better solution to guarantee an acceptable p-value for significant tests [79]. The
distance can be calculated by Equation 4.3, and classified as outliers and should be

excluded.

Cook’sdistance >4/(N—-k—1) (4.3)

where N is the sample size, k is the number of predictors
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MODELING AND EXPERIMENT

This chapter presents the analysis of the various methods used to test the proposed
cloud adoption model. The analysis comprised four stages. The first stage focused
on the data screening and descriptive statistical analysis. The second stage exam-
ined data validation, reliability analysis and factor analysis. Based on satisfactory
results from stage two, multiple regression analysis was used in the third stage to
test the proposed research model and assess the research hypotheses. Finally, the
CDSM model is depicted and the analysis of a case study to illustrate the process and

application of CDSM is presented.

5.1 DATA SCREENING

Data screening is the process of ensuring data is clean and ready to go for further
analysis. Data must be screened to ensure the data is usable reliable valid for testing
a causal model theory. In this study data screening process was done in two stages,
in terms of case screening and variable screening. In case screening the data set was
analyzed for missing values, firm size, cloud knowledge of respondents. Based on
a case-screening test (16) responses values were excluded from the data set. Fur-
thermore, all the items were checked for outliers and (9) were removed due to MLR

assumption violations.

The skewness and kurtosis have been used to test the data with reference to the
normal distribution. The result of skewness and kurtosis presented in Table 5.1 show
that the data scores for most of the variables were slightly negatively skewed while
all the variables have a negative kurtosis which shows that the distribution was flat

comparing to the normal distribution.

To interpret the results of skewed data we have applied the “rule of thumb” recom-
mend in [76] by calculating z-scores. The rule of thumb states that if the results of

skewness and kurtosis divided by its standard error produce z-scores between -1.96



5.2 DESCRIPTIVE ANALYSIS

Table 5.1: Skewness and Kurtosis Values of Adoption Determinants

52

Variable N Skewness Kurtosis
Statistic Std. Error  Statistic Std. Error

RA 145 -0.263 0.201 -0.722 0.4
BC 145 0.141 0.201 -0.365 0.4
TR 145 -0.098 0.201 -0.521 0.4
10 145 -0.036 0.201 -0.675 0.4
EP 145 0.089 0.201 -0.551 0.4
PL 145 -0.241 0.201 -0.708 0.4

and 1.96 the data can be considered normally distributed. The z-scores results for
variables under investigation were within the range of the rule of thumb (-1.308 to
0.70 on skewness and -1.80 to -0 .86 at kurtosis). Hence, the data could be considered

as normal distributed for the further experiment.

5.2 DESCRIPTIVE ANALYSIS

Descriptive statistics are used to describe the basic features of the data in a study
to provide simple summaries about sample and the measures. In this study descrip-
tive statistics were used to summarize the basic features of data. However, descrip-
tive statistics gives some information like variability, average score, it does not give
much information about the hidden patterns of the data, and therefore, methods like

correlation analysis and principal component analysis were used.

As it can be seen from Appendix A.2, the mean of data ranges from 2.869 to 5.262. It
can be seen that six of the survey items scored more than 5, 14 of them scored nearly
four which is neutral. and the standard deviation ranged from 1.0688 to 1.9588. The

higher the standard deviation, the higher the dispersion of the data.

If we see from business concern construct, the BC2 an item related to cloud interop-
erability concern has scored the smallest mean (3.639). This could be an indication

that Ethiopian SMEs have less business concern by the cloud difficulty to integrate



5.3 DATA RELIABILITY AND VALIDITY ASSESSMENT

with previous IT systems. Similarly customer or confidential information leakage
(BC1=4.869 mean) remained the biggest business concern from the SMEs side. On
the other hand, the cost reduction opportunities provided by cloud computing was
found to be the top motivator for cloud adoption (RA1 =5.159 mean). In addition, the
analysis result revealed that firms did not believe their connectivity to the internet is
adequate for cloud computing services (TR1=2.869 mean). The result also revealed
that SMEs have agreed that they can adopt cloud computing if the cloud provider
is located in Ethiopian territory (PL1=5.248 mean). The result can be an indication
of cloud computing concerns regarding data sovereignty and jurisdiction for data

stored in different territory.

Moreover, from respondents perspective as it can be seen from Appendix A.2 ma-
jority of the respondents were owners of SMEs (40.7.8%); 23.7% of respondents were
IT experts, 20.7% were IT managers and(15.2%) IT officers and others. On the other
hand, the highest responding organizations were micro (44.8%; n=65), whereas small

businesses represented 33.1% (n=48), followed by medium with 22.1% (n=32).

5.3 DATA RELIABILITY AND VALIDITY ASSESSMENT

This section presents the results of the reliability and validity assessment of items

used to measure the research determinants.

5.3.1 Data Reliability Assessment

As discussed in Chapter 4, the reliability of any instrument needs to be evaluated
before it used for model verification or testing. The reliability of the instrument
should be evaluated by checking the Cronbach’s alpha, item-total correlation and

inter-items correlations of items that measure constructs.

Table 5.2 summarizes the reliability test of the data. Number of cases, the Coran-
bach’s alpha, item-total correlations and alpha if item deleted are summarized in
this table. Inter-items correlations are summarized in Appendix A.3. As it already
stated in Section 4.4.4 the Cronbach’s value of above 0.7 is acceptable, while the
item-total correlation and inter-item correlation should be more than o.5 and 0.3

respectively in order to consider it as an acceptable.
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Hence, BC2 was deleted because of its inter-items correlations value (see Appendix
A.3) and its item-total correlation value is low (.328) as shown in Table 5.2. This
means that this item is not measuring the same construct that is being measured by
other items of this construct. As it can be seen from Table 5.2 after the item is deleted
an improvement of reliability Cronbach’s alpha to 0.833 can be observed.
Similarly, the item EP4 has a low correlation with other items. Deleting these items
also had a significant influence on the reliability of the instrument which can be
viewed in the Table 5.2.
Table 5.2: Data Reliability Measures
Construct’s | Number of | Item-Total | Cronbach’s Item for | Cronbach’s
Name Observation | Correlation | Alpha if item | deletion | Alpha
deleted

RA 0.813

RA1 145 0.573 0.785 None

RA2 145 0.63 0.768

RA3 145 0.595 0.779

RA4 145 0.568 0.787

RA5 145 0.644 0.764

BC 0.815

BC1 145 0.561 0.79 1

BC2 145 0.328 0.833

BC3 145 0.726 0.755

BC4 145 0.729 0.75

BCs 145 0.589 0.784

BCé6 145 0.551 0.794

Continued on next page
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Table 5.2 — Continued from previous page

Construct’s | Number of | Item-Total Cronbach’s Item for | Cronbach’s

Name Observation | Correlation | Alpha if item | deletion | Alpha
deleted

TR 0.763

TR1 145 0.554 0.752 None

TR2 145 0.622 0.652

TR3 145 0.668 0.602

10 0.752

101 145 0.561 0.695 None

102 145 0.567 0.685

103 145 0.624 0.631

EP 0.772

EP1 145 0.646 0.679 1

EP2 145 0.688 0.653

EP3 145 0.645 0.677

EP4 145 0.337 0.822

PL 0.75

PL1 145 0.66 0.583 None

PL2 145 0.533 0.721

PL3 145 0.552 0.698
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5.3.2 Data Validity Assessment

As discussed in Chapter 4, the constructs of the model are consisting of different
items and should be evaluated for validation of the data. Construct validity is evalu-
ated by checking the discriminant and convergent validity of the model. Convergent
validity is the extent to which the indicators of a specific construct converge or share
a high proportion of variance in common. On the other hand, discriminant validity
measures the extent to which a construct is truly distinct from other constructs both
in term of how much it correlates with other constructs and how distinctly measured

items, measure a single construct [77].

As it already stated in Section 4.4.5, in this study we have used the PCA to for data
validation. Moreover, as noted in Section 4.4.5 to execute the PCA the KMO sampling
adequacy should be above 0.6 and the Bartlett’s test of Sphericity should p < 0.05.
The KMO and Bartlett’s test of Sphericity indicates the data has an adequate sample

size and it is factorable.

The KMO values for both the independent and dependent variables exceed the thresh-
old value(0.6) see Table 5.3. Bartlett’s test of Sphericity indicates statistical signif-
icance (p<o0.001). The results indicate that there is a significance relationship and

appropriate sample size to execute PCA

Table 5.3: Results of KMO and Bartlett’s test of Sphericity

Testing Method Independent | Dependent
variable variable

Kaiser-Meyer-Olkin Measure of Sam- 0.731 0.728

pling Adequacy.

Bartlett’s Test of Sphericity | Approx. Chi- 1384.371 312.514
Square
df 276 6
Sig. 0.000 0.000
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Based on the pre-request analysis which was satisfactory the PCA was executed to
validate the data and to perform data reduction. The first step in PCA is determining
the number of components to keep. These components are likely the ones that have
been influencing the adoption process of cloud computing. The components are iden-
tified based on their Eigenvalue score, which is >= 1. The eigenvalue greater than
one is significant. Eigenvalue greater than 1 means that each item should account

for the variance of at least a single construct.

The results of the initial PCA for the independent variables are presented in scree
plot Figure 5.1. Six factors(F1 to F6) with eigenvalues greater than one were ex-
tracted. These 6 factors have explained 67% of the variance. The X-axis represents
the possible factor that can be extracted from the data using PCA. Basically maxi-
mum number of factors that can be extracted is equal to the number of independent
variables. The Y-axis represents the eigenvalue value or it conceptually represents
that amount of variance accounted for by a factor. As it can be seen from Figure 5.1
the first factor(F1) accounts 4.5 eigenvalue or 20% of the variance. The first principal
component(F1) is the linear combination of variables that has maximum variance
(among all linear combinations). It accounts for as much variation in the data as
possible(20%). Moreover, each factors F2 to F6 accounts an eigenvalue greater than
one. However factors Fy to F22 has scored an eigenvalue which is less than that can

be accounted by single construct.

Component matrix, presented in Table 5.4 shows that each variable’s loadings on
each component before rotation is applied. The result only shows each item’s load-
ings on each component, which does not show conceptual meaning and is very
difficult to interpret.The problem with this analysis is that some of the variables
are highlighted(loaded above |0.31) in more than one column. Hence, rotation was

required to yield a more interpretable and meaningful patterns.

Table 5.4: Result of PCA Component Matrix without Rotation

Item F1 F2 F3 Fg F5 Fé6

RA1 0.54 | 0.348 | 0.388 | -0.013 | -0.133 | -0.018

Continued on next page
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Table 5.4 — Continued from previous page

Item F1 F2 F3 Fyg F5 Fé
RA2 0.516 | 0.045 | 0.515 | -0.002 | -0.258 | 0.29
RA3 0.469 | 0.323 | 0.435 | 0.025 | -0.15 | 0.112
RA4 0.489 | 0.37 | 0.333 | -0.11 | -0.045 | 0.225
RA5 0.448 | 0.246 | 0.49 | -0.136 | -0.173 | 0.392
BC1 -0.415 | 0.51 | 0.137 | -0.385 | -0.05 | 0.064
BC3 -0.695 | 0.376 | -0.145 | -0.233 | -0.066 | 0.186
BC4 -0.669 | 0.408 | -0.097 | -0.252 | -0.037 | 0.195
BCs -0.553 | 0.391 | 0.031 | -0.13 | 0.019 | 0.265
BC6 -0.546 | 0.342 | -0.05 | -0.16 | 0.036 | 0.208
TR1 -0.24 | -0.06 | 0.158 | 0.727 | 0.08 | 0.205
TR2 -0.409 | 0.073 | 0.137 | 0.667 | -0.024 | 0.21
TR3 -0.439 | 0.032 | 0.194 | 0.698 | -0.094 | 0.094
101 0.517 | 0.198 | -0.289 | -0.015 | 0.441 | 0.187
102 0.511 | 0.047 | -0.24 | 0.122 | 0.426 | 0.32
103 0.461 | 0.113 | -0.338 | 0.059 0.5 0.362
EP1 0.42 | 0.185 | -0.513 | 0.208 | -0.465 | -0.124
EP2 0.38 | 0.42 | -0.558 | 0.079 | -0.262 | -0.184
EP3 0.314 | 0.481 | -0.407 | 0.147 | -0.427 | -0.115
PL1 0.02 | 0.503 | 0.266 | 0.054 | 0.402 | -0.524
PL2 -0.002 | 0.562 | 0.229 | 0.231 | 0.135 | -0.422
PL3 -0.003 | 0.557 | 0.333 | 0.081 | 0.326 | -0.344

e Varimax Rotation

As it can be seen from Table 5.4 the output of the PCA is not interpretable. To make
the factor loading interpretable the factors shall be rotated [77]. One of the most

common method to solve problem in factor rotation in MLR is the varimax rotation
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Figure 5.1: Scree Plot of PCA for Independent Variables

[77]. With this rotation method the factor pattern can be clarified by "rotating" the

factors in F-dimensional space.

The results of varimax rotation is presented in Table 5.5. The result of PCA with
varimax rotation has indicated a clear solution of six factors with eigenvalues greater
than one. The review of the pattern matrix Table 5.5 shows that all the items are
loaded highly on their respective determinants (RA, BC, TR, IO, EP and PL). All
items’ factor loadings were significant and higher than o.5 as recommended in [77].
Moreover, all cross loadings are <lo.31. Thus the items under each constructs are
measuring the same construct. The variance analysis revealed that 92.5 of F1, 93.4 of
F2, 94.8 of F3, 91.5 Fy4, 88.4 of F5 and 89.5 of F6 is accounted by BC, RA, EP, TR, PL
and IO respectively. The rest variance is the effect of the other items on that factor.
For instance the relative advantage items have negative effect on factor F1 as it can

be seen Table 5.5.
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Table 5.5: Result of PCA Rotated Component Matrix

Item F1 F2 F3 | 1 F5 F6
RA1 -0.167 | 0.661 | 0.152 | -0.108 | 0.275 | 0.04
RA2 -0.215 | 0.804 | -0.038 | 0.034 | -0.113 | -0.034
RA3 -0.12 | 0.697 | 0.071 | -0.021 | 0.192 | 0.021
RA4 -0.006 | 0.687 | 0.058 | -0.129 | 0.14 | 0.184
RA5 0.034 | 0.832 | -0.04 | -0.044 | -0.056 | 0.097
BC1 0.705 | 0.104 | -0.043 | -0.166 | 0.21 | -0.161
BC3 0.823 | -0.212 | 0.008 | 0.048 | -0.013 | -0.148
BC4 0.824 | -0.158 | -0.029 | 0.031 | 0.021 | -0.14
BCs 0.749 | -0.03 | -0.055 | 0.164 | 0.045 | -0.014
BCé6 0.691 | -0.123 | -0.054 | 0.085 | 0.036 | -0.023
TR1 -0.045 | -0.043 | -0.084 | 0.822 | 0.014 | 0.058
TR2 0.133 | -0.067 | -0.056 | 0.795 | 0.034 | -0.089
TR3 0.089 | -0.094 | -0.032 | 0.819 | 0.075 | -0.193
101 -0.103 | 0.086 | 0.16 | -0.168 | 0.101 | 0.763
102 -0.176 | 0.122 | 0.088 | 0.016 | -0.047 | 0.772
103 -0.097 | 0.046 | 0.063 | -0.065 | -0.037 | 0.836
EP1 -0.188 | 0.028 | 0.86 | -0.012 | -0.12 | 0.075
EP2 -0.041 | -0.02 | 0.812 | -0.171 | 0.11 | 0.178
EP3 0.063 | 0.13 | 0.859 | -0.013 | 0.08 | 0.07
PL1 0.027 | 0.024 | -0.053 | -0.058 | 0.866 | 0.025
PL2 0.057 | 0.112 | 0.147 | 0.135 | 0.743 | -0.093
PL3 0.162 | 0.156 | -0.022 | 0.061 | 0.775 | 0.074

The results of the PCA for the dependent variable is shown in Figure 5.2.The X-axis

represents the dependent variable item or the possible factor that can be extracted,
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where as the Y-axis represents the eigenvalue. The PCA revealed the presence of one

factor with an eigenvalue greater than one.
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Figure 5.2: Scree Plot of PCA for Dependent Variable

5.4 HYPOTHESES TESTING

This section presents the results of the multiple regression analysis that was used
to test research hypotheses. It presents an assessment of the possible linear rela-
tionships that might exist between the independent variables and the dependent

variable.

5.4.1 Statistical Assumptions Validation for MLR

As discussed in Section 4.5.1, verifying the processed data is fit for MLR analysis is
mandatory. Hence, testing the data to met the linear regression assumptions for con-
struct and conclusion validity is needed. Otherwise, the presented statistical results
could be misleading. These assumptions included linearity, normality, homoscedas-

ticity, independence and multi collinearity.

¢ linearity and homoscedasticity test

For analyzing linearity and homoscedasticity we have used the scatterplot
graphs of standardized model predicted values against standardized residual
values (zpred vs zresid) as shown in Figure 5.3. As it can be seen from the
Figure it did not indicate any specific curve and funnel shape, except some

outliers which can be removed by Cook’s distance. The review of the result
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revealed that the data is concentrated rounded the zero both from the X axis
and Y axis as recommended in [77]. Hence, the sample data satisfied the MLR
assumptions that the six predictor variables had linear relationships with the
dependent variable, and residual variances were constant at different levels of
the predictor variables. Thus, the model satisfied the linearity and homoscedas-

ticity assumptions.

Dependent Variable: AD

Regression Standardized Predicted Value
o
o
o

Regression Standardized Residual

Figure 5.3: Scatterplot of zpred vs. zresid

¢ Normality test:

we used both the residual histogram and P-P plot techniques. As it can be
seen from residual histogram Figure 5.5, the frequency of data is drawn in y-
axis and the regression standardized residual on the x-axis. The review of the

histogram normal curves of the model is in symmetrical bell shape.

Dependent Variable: AD
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Figure 5.4: Normal P-P Plot of Regression Standardized Residual
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Besides, the degree of the actual residual values of the cloud model is coincid-
ing with the respective line of expected values as shown in Figure 5.4. Hence,

assumption of residual normality was satisfied.

Dependent Variable: AD

Mean = 3.05E-15
Std. Dev. = 0.979
N=145

Frequency

-4 2 0 2 4 6

Regression Standardized Residual

Figure 5.5: Residual Histogram Normality test

Moreover, as discussed in Chapter 4, to test the normality of the dependent
variable was cheeked using Shapiro-Wilk normality test method. As it can be
seen from Table 5.6 the significance level is (p>0.05), so we can ignore the

null hypothesis that describes the dependent variable is not normally distribu-

tion[77].

Table 5.6: Normality test of Dependent Variable

Shapiro-Wilk

Statistic ~ df Sig.

0.983 145 0.078

¢ Residual independence testing;:

As discussed in Section 4.5.1 the Durbin-Watson statistic method was used
to test independence assumption and we get a value of “1.75” as shown in

Table 5.7 which satisfied the MLR assumption.

* Multi collinearity testing:
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Table 5.7: Residual Independence Testing

Model | R | RSquare | Adjusted R Square | Durbin-Watson

1| .831a 0.69 0.676 1.756

a. Predictors: (Constant), PL, IO, TR, EP, RA, BC

b. Dependent Variable: AD

To perform the multi collinearity testing, we have useed VIF analysis as dis-
cussed in Section 4.5.1. Table 5.8 shows the VIF values calculated for the regres-
sion models. Since the VIF values were from 1.098 to 1.202 that was substantially

lower than 5, no multi collinearity concern in this models.

Table 5.8: Collinearity Statistics of Regression Model

Construct | Collinearity Statistics
Tolerance | VIF

RA 0.848 1.18
BC 0.84 1.191
TR 0.911 1.098
(@) 0.832 1.202
EP 0.91 1.099
PL 0.9 1.111

¢ QOutliers testing:

As mentioned in Section 4.5.1, we use the Cook’s distance to test the outliers
in this model. Since the sample size was “145”, and the number of predictors

was “6”, the regression analysis should exclude any case with Cook’s distance
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‘“"_ 7

greater than” 0.028986”. As the result, “9” cases were removed from the cloud

adoption model.

5.4.2 Testing Significance of the Proposed Model

The overall F-test on the MLR analysis using the entry method was conducted to
assess whether the research model with its six research determinants significantly
explained the perception of SMEs to adopt cloud. The output indicated that the model
is statistically significant [F (6,129) 73.631 and p <0.001]. The R? was 0.774, indicating
that 77.4% of the variance in the perception of SMEs towards cloud adoption was
explained. The overall F-test result indicted that at least one of the determinants are

affecting the cloud adoption by SMEs in Ethiopia as shown in Table 5.9.

Table 5.9: Significance of Overall Regression Relationship

Model Sum of | df Mean F Sig.
Squares Square
1 Regression 93.867 6 15.644 73.631 | 0.000
Residual 27.409 129 0.212
Total 121.275 135

5.4.3 Coefficients of Regressors

Once we have determined that at least one of the regressors is important, next ques-
tion might be which one(s) of the independent variables significantly influenced the
perception of SMEs to adopt CC. To answer the question, individual regression coef-
ficients (t —test) was performed. Table 5.10 presented the results of the tests done on
the regressed independent factors. As stated in Section 4.4 the confidence interval
for this study is 95% or (p<o.05). Hence based on the confidence interval and t- test
analysis indicated in Table 5.10 shows that cloud adoption by SMEs is determined by
different factors (RA, BC, 10, and PL).
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Table 5.10: Coefficients of MLR

Model B B T | Sig.
(Constant) 2.302 6.574

RA 0.526 | 0.632 | 13.403 | 0.000
BC -0.27 | -0.378 | -7.864 | 0.000
TR 0.047 | 0.058 | 1.302 | 0.195
10 0.081 | 0.108 | 2.377 | 0.019
EP 0.028 | 0.036 | 0.825 | 0.411
PL 0.132 | 0.163 3.61 | 0.000

Note: R?= 0.774; adjusted R?= 0. 763; F (6, 129) = 73.631; P <0.005

5.4.4 Cloud Computing Adoption and Firm Size

Analysis of variance (ANOVA) was conducted to assess whether cloud adoption var-
ied between the different size of organization. No significant differences were de-
tected since p>0.05 as shown in Table 5.11. That is, it is concluded that the variances

of cloud adoption among the size of organizations are similar.

Table 5.11: Organization Size and Cloud Adoption

Sum of | df Mean F Sig.
Squares Square
Between 0.135 2 0.067 0.074 0.929
Groups
Within Groups | 121.141 133 0.911
Total 121.275 135

5.5 CLOUD DEPLOYMENT SELECTION MODEL

As discussed in Chapter 2 cloud computing has several deployment model. Since
each deployment model provides its pros and cons, firms have face decision chal-

lenge in selecting the right model that would address their business need. Besides,
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selecting the most appropriate cloud deployment model for a firm depends on many
criteria that are based on the strategies, requirements, and resources of the firm.
Hence, firms must take conflicting criteria into consideration and choose the most
suited cloud deployment model based on their needs. Because of the complexity of
the problem, there are cases in which cloud deployment model selection problem be-
comes intractable. Therefore, the firms cannot determine the most appropriate cloud

deployment model and thus fail to make the best decision [81].

Moreover, as stated in Chapter 2, since this selection or decision problem is depen-
dent on various conflicting criteria and a decision-maker has to choose the best alter-
native by satisfying these criteria. Hence, the decision or selection can be modeled
as a Multi-Criteria Decision Making problem. In this research, the cloud deployment
model selection problem is modeled as a MCDM problem. AHP is used to manage the
selection problem. Additionally, to have holistic view on conflicting criteria, we have

predicted the most motivator and inhibitor of cloud adoption from the firm context.

As discussed in Section 2.8.4 the first step in AHP involves breaking down of the de-
cision problem and development of the AHP hierarchy. Selecting cloud deployment
model for SMEs has selected as the goal of the system. To define criteria, sub-criteria
and alternatives which will form the middle and bottom layer of the AHP hierarchy,
it is very important to have a clear understanding of the decision problem. From
a SMEs perspective, cloud computing offers flexible, reliable and affordable comput-
ing services without increasing the IT budget. However, adoption of cloud is not
straightforward as cloud adoption brings technological and organizational, and en-
vironmental challenges to the organization. Hence, in this work we have identified
the cloud adoption determinants using the proposed cloud adoption model. The
outcome of the cloud adoption model was refined to build the AHP criteria and sub

criteria layer.

Informed by the outcome of the cloud adoption model in Table 5.10 and Table 5.11
and by refining individual item of the determinants construct and based on the liter-
ature review, we depict the cloud deployment selection model as in Figure 5.6. The
study generates a four layer CDSM for SMEs in Ethiopian by omitting the community

cloud deployment from the alternative layer because it is less popular.
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Figure 5.6: Proposed Cloud Deployment Selection Model

5.5.1 Application of CDSM

To illustrate the process and application of CDSM, we used the case study method.

The case study was conducted on small scale enterprise operating in providing a
telecom Value added Service (VAS). This company was considering whether to move
its staging and development environments to cloud. The company stated its current
challenge in managing of the service; like performance issues during peak hours
and capacity related challenges. Moreover, the company is also planning to extend
its services to provide Internet service (ISP). The participant was presented with
instructions on how to perform pairwise comparison that was implemented using

an excel CDSM template then transcribed to super-decision software for analysis. The

final problem hierarchy developed was also designed on Super-Decision Software.

The participant was requested to compare the criteria according to their relative
importance with respect to the parent element (criteria with respect to goal, and
sub criteria with respect to criteria) while the weight of the alternatives with respect
to sub criteria were adopted from prior studies. The pairwise comparisons were
captured using a quantitative questionnaire and the comparisons were measured

using a five point Likert scale (1, 3, 5, 7, and 9) as shown in Figure 5.7.
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Figure 5.7: Pairwise Comparisons Security Sub-criteria

The response data was load to the super decision tool and the decision consistency
was checked for each local and global criteria. As it be can seen from Figure 5.8 and

Figure 5.9 all decisions were consistent with less than 10% inconsistency.

Inconsistency: 0.01629
Benefit

Cost
QoS
Security

Figure 5.8: Inconsistency of Decision in Main criteria

Inconsistency: 0.01228
Availabil~
Confident~
Data Loca~

_Integrity

Figure 5.9: Inconsistency of Security Sub criteria

Once all the consistency was checked, the model was executed for full report to
provided a systematic approach in selection and evaluation of cloud deployment
models. As it can be observed from the case study presented, the model facilitated
a rigorous and consensual decision that ultimately led to a selection of the best
alternative that best fits the company’s business needs (see Figure 5.10). The analysis
of the firm response using the super decision tool recommends to adopt the public

cloud (43.22%). As it can be seen from Figure 5.10 the alternatives are ranked based

on the business need.
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Figure 5.10: Alternative Rankings

5.6 DISCUSSION

This section presents a discussion of the results that developed from assessing the

research model, as presented in the modeling and experimentation section .

5.6.1 Data Validity

As explained in Chapter 4, several items were used to measure each adoption deter-
minants. To test the data reliability and validity of measures a coefficient of alpha
and PCA was used in this study. All coefficients of alpha score were greater than
0.7 which indicates that the level of internal consistency with in the instrument is
adequate [77]. This output was also supported by the inter and total item correlation
and two items were detected and removed due to low correlation. Besides, the PCA
analysis showed that, all extracted factors had an eigenvalue of greater than one
and loaded adequately (above 0.5) on their construct. The PCA analysis was further
checked for item cross-loading among constructs; hence, discriminant validity was
established. The result of PCA and coefficient of alpha implied that the research in-
strument provided a valid measure of all the theoretical determinants which were

incorporated into the research model.

5.6.2  Proposed Conceptual Frameworks

The findings of this study revealed that the proposed cloud adoption model can suc-
cessfully assist in predicting the perception of SMEs toward the adoption of cloud
computing in Ethiopia. The outcomes of the MLR analysis indicated that the pro-
posed model is encouraging and statistically significant [F (6,129) 73.631 and p
<0.001] in predicting the perceptions of SMEs to adopt cloud. The model explained

77.4% of the variance in firms’ perceptions as shown from Table 5.9 .
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Though there is a general limitation in the study in-line with findings for reference
since the research is a new academic study for cloud services adoption of SMEs in
Ethiopia, the model explains a large amount of variance for the adoption of cloud
compared to other similar studies (39.9% in [50] and 38.1% in [53]) who combined
the DOI and TOE conceptual frameworks. These results support the applicability of
hybrid conceptual frameworks to predicting the perception of firms towards cloud

computing adoption in Ethiopia.

5.6.3 Determinants Influencing Cloud Computing Adoption

To answer the research question, "determinants affecting the adoption of cloud com-
puting" we have proposed a cloud adoption framework grounded by two conceptual
frameworks. To test the model mathematically, we have used dataset collected from
136 SMEs and analyzed using regression. The MLR analysis using the F-test and t-test
revealed that four determinants out of six were found to influence SMEs decision to

adopt cloud computing as shown in Figure 5.11. The findings are explained below.

Relative
Advantage
NS: Not significance
*£%: p<,001
Business - 632 *=* *: p<.05
Concern \ Numbers: beta values
-.378 ***
Technology
Readiness ———— NS
o ' Adoption Intention
T .108*
Organizational _—
Innovativeness I
T "' NS NS
External / - |
Pressure -163
Firm size
Physical
Location

Figure 5.11: Determinants Influencing CC Adoption

* Hypothesis H1
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There are five variables, which are related to relative advantage. The factor
loading results presented in Table 5.5 shows all items which are greater than
0.5, it means that all related factors to this construct are valid. Based on the
results in Table 5.10 there is a statistically high relationship between relative
advantage and adoption of cloud computing in SMEs (p<o0.001). The results of
the analysis show that the relative advantage can be one of the effective factors
in enterprises, which have a positive impact on cloud computing adoption in

SMEs. According to the results, hypothesis Hi is reliable and accepted.

Relative advantage is a determinant for the adoption of cloud computing. This
tinding is consistent with similar studies reported in the literature [4], [51], [52],
[54], which state that relative advantage is a significant predictor of organiza-
tions” intention to adopt cloud computing. However, the finding is inconsistent
with some prior studies like [50], [53] where it was found it to be an inhibitor

of cloud computing adoption by firms because of complex charging.
Hypothesis H2

There are five variables, which are related to business concerns. The factor
loading results presented in Table 5.5 shows all items which are greater than

0.5, it means that all related factors to this construct are valid.

Based on the results in Table 5.10 there is a statistically high relationship be-
tween business concern and adoption of cloud computing in SMEs (p<o0.001).
The results of the analysis show that the business concern can be one of the
effective factors in enterprises, which have a negative impact on cloud comput-
ing adoption in SMEs. According to the results, hypothesis Hz2 is reliable and
accepted.

Business concerns is a facilitator for cloud computing adoption. This result is
similar with previous studies reported in [1], [54], [74], where business concern
was found as a significant predictor of firms’ intention to adopt cloud comput-
ing. However, the finding is inconsistent with some other studies like [36], [53]
that business concerns like security were not found to inhibit the adoption of

cloud computing.
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¢ Hypothesis H3

As reported in [52]-[55], [74] technology readiness could be one of the impor-
tant factors in adoption of cloud computing. The technology readiness identi-
tied by this study contains both the structural aspects and specialized human
resources. The structural aspects refer to the platform or the technological in-
frastructure within the firm that the cloud services can complement or replace.
The specialized human resources are the people within the organization who
have the knowledge and skill to implement the cloud services. The factor load-
ing results are shown in Table 5.5 indicates all items which are greater than o.5,

it means that all related factors to this construct are valid.

In this study, technology readiness is found to have a positive insignificant
(p>o0.05) influence as shown in Table 5.10. The finding is inconsistent with sim-
ilar studies reported in [52], [54], [55]. However, earlier studies have suggested

that technology readiness may not necessarily to influence cloud computing

adoption [54], [74].

* Hypothesis Hyg

Earlier studies [57], [74], [75] have recognized the significance of organizational
innovativeness in IS adoption. This study extends the research on organiza-
tional innovativeness in information systems, identifying it as an antecedent
to cloud adoption. The factor loading results are shown in Table 5.5 indicates
that all items which are greater than o.5, it means that all related factors to this

construct are valid.

Our study found that organizational innovativeness has significance(p<o.05) in-
fluence on adopting cloud computing in Ethiopian SMEs next to data physical
location as shown in Table 5.10. The result is supported by prior studies [74],

[75], while the result is also not supported by [57].
* Hypothesis H5

As reported in [53], [54], [74], [75] external pressure could be one of the signif-

icant determinant in cloud adoption. The external pressure identified by the
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study comprises government policy and regulation, competitive pressure and

CSP support.

This study did not find external pressure to be a significant influence for SMEs
toward adopting cloud computing. This result did not support hypothesis (Hs).
The finding is inconsistent with similar studies reported in the literature [54],
[74], [75]. But, the finding is consistent with prior studies [53], [74] that have

suggested external pressure may not necessarily impact cloud adoption.
* Hypothesis H6

As discussed in Chapter 3, the study has considered the physical location of
cloud provider as an important factor in cloud adoption. This factor was sought
to determine whether Ethiopian SMEs are motivated to adopt cloud computing
if the physical location of the data is located in Ethiopia. The physical location
identified by the study comprises, jurisdiction over the stored data when cloud
services run from a different country, as different privacy legislation applies

and quality of service.

The findings of this study revealed that physical location of cloud provider to
be a significant (p<o.001) influencer for Ethiopian SMEs toward adopting cloud

computing next to business concern as shown in Table 5.10.

5.6.4 Effects of Firm Size in Cloud Adoption Decision

To determine if the cloud adoption determinants are vary based on the firm size as
stated in the research question, the firm size is included as control variable in the
proposed framework. It was assumed that if the hypothesized determinants influ-
enced the adoption of cloud computing by SMEs, the influence would vary based
on firm size. The control variable was supposed to allow for focused analysis of
the relationships between independent and dependent variables that cloud result in
context based CDSM and other analysis. However, the one-way ANOVA result has not
supported the assumption. Hence, cloud adoption determinants do not vary based

on the firm size in context of Ethiopian SMEs. One of the main reason of this outcome
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could be the enterprise definition (firm size) assumed in this research as stated in

Table 2.2.

5.6.5 Predicting Cloud Deployment Model

To answer the research question, "how firms predict an appropriate cloud deploy-
ment for their business need based on the cloud computing adoption determinants”,
we first perform the regression analysis. The regression analysis provides us holistic
view of the determinants that should be accounted by firms. However, the determi-
nant has included a number of conflicting criteria that makes the problem complex.
To convert the complex problem to a tractable and easy to solve, we propose a CDSM
to support cloud adoption decisions for SMEs in Ethiopia using the established AHP.
The CDsM model provided systematic approach in selection and evaluation of cloud
deployment models. As it can be observed from the case study presented, the model
facilitated a rigorous and consensual decision that ultimately led to a selection of the

best alternative that best fits the firm’s business needs.

5.6.6 Implications

Considering the importance of cloud computing and its low adoption by SMEs in
Ethiopian, there is a great interest for better understanding of what core factors are
influencing the adoption process. Within this direction, the proposed cloud adoption
frameworks which is basically grounded by two conceptual frameworks, tries to
examine these factors in detail. The outcomes of the study have a number of essential
implications that may assist SMEs, CSPs and government to facilitate cloud computing

adoption.

Looking from the firms perspective, the rapid and dynamic change of computing
increases the pressure on enterprises to make strategic decision. The proposed cloud
adoption framework could be set as guidelines which help enterprises to consider
potential alternatives and understand the determinants that influence the cloud com-

puting adoption process.

As revealed by the MLR analysis, cloud relative advantage has an important effect

on SMEs” decision to adopt cloud computing. The result of the MLR analysis has in-
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dicated a positive and significant relationship between cloud relative advantage and
cloud adoption intention with 95% of confidence interval (f =0.632,t =13.403,p <
0.001). The inspection of the 3 weights indicated that, for every unit increase in the
cloud relative advantage scores, cloud adoption intention increased, on average by
0.632 units. Hence firms should assess the potential benefits of cloud computing to
increase their perception of cloud services. They could use the information about
relative advantages and the instrument explained in this research to examine and
plan their technology adoption. It can be identified how cloud can enable them to
achieve time to market, focus on core competency, increase productivity, gain cost
benefits and capability related issues. Firms can use the measurement that is estab-
lished in this research to identify the strengths and weaknesses of potential services

providers.

Moreover, as noted in Chapter 2 cloud computing has a number of deployment
models. Since each model architecture offers different pros and cons, firms has been
face decision challenge in identifying the right model that will optimally address
their business needs. The proposed CDSM will assist firms by predicating the type of

cloud deployment model each firm need in context to its business.

On the other hand, the study has a number of implication from the cloud computing
providers perspective. As stated in the findings section, business concern had signif-
icant negative relationship with adopting cloud services. This helps cloud providers
to realize the fact that there are some important factors which are not related to the
technology; but influence the cloud computing adoption decision making process.
Hence CSPs can revise their cloud computing offering and cloud market strategies in
such a way that their offer will support SMEs path to cloud adoption. It is important
for service providers to reduce the feeling of ambiguity concerning cloud computing

adoption, they need to work on providing reliable and secured cloud services.

In addition, our findings reveal that physical location of cloud provider is an impor-
tant factor that influences firms’ decisions to adopt cloud computing. As stated in
Chapter 2 cloud can poses a range of privacy issues that required mitigation. Stor-
ing personal information are considered the responsibility of cloud provider. On the

other hand, loss of privacy of user’s data remain a major concern if the cloud service
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is served from a different territory by creating difficulties in determining jurisdiction.

Because of this legal issues that are affected by provider location, SMEs are concerned
about the location of data storage and there is a strong desire from SMEs” in Ethiopia

for cloud computing services to be located within Ethiopian territory.
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CONCLUSION AND FUTURE WORK

This Chapter presents conclusion, contribution and recommendations for future

work.

6.1 CONCLUSION AND CONTRIBUTION

In this study we have proposed a conceptual cloud adoption framework for SMEs in
Ethiopia grounded by TOE and DOI frameworks. To empirically assess this conceptual
framework, we have used dataset collected from 136 firms located in Addis Ababa.
The mathematical analysis using MLR revealed that the proposed conceptual model
is statistically significant[F (6,129) 73.631 and p <o0.001]. The results of the analysis
indicated that four determinants (RA, BC, IO and PL) which comprise innovation,
organizational and environmental aspects could significantly influence the cloud
computing adoption process. On the other hand, the adoption of cloud computing by
Ethiopian firms are in its infancy stage. Many of those firms faced decision challenge
on identifying an appropriate cloud deployment model that best fits to their business
need while considering to implement cloud solution. The AHP decision approach

presented in this study attempts to mitigate the complexity of such decision.

SMEs can realize financial and technological benefit of cloud services by speeding
up the adoption of cloud service. The study findings provide insights for SMEs and
CSPs to decide their strategies and roadmaps on how to accelerate their cloud ser-
vices adoption by manipulating the aforementioned identified factors to a favorable
direction. The study has also revealed that business concern and physical location
are the most influencing cloud computing adoption determinants next to relative
advantage. This result indicates telecom operators can position themselves within
the cloud ecosystem as trusted partners to SMEs because of their physical location

and last mile Internet connection.
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Moreover, this research makes a number of contributions to knowledge. The knowl-
edge based cloud computing adoption framework proposed in this thesis is a holistic
framework which covers the strategic and operational decision making involved in a
cloud adoption and considers a range of factors and perspectives involved in cloud
computing adoption. The thesis also makes a contribution to the body of knowledge
through the investigation of determinants that influence cloud computing adoption

in a developing country.

6.2 FUTURE WORK

The research might support for future research who are interested to explore more
on this field. The elements below might be of some relevance to the constituents

mentioned in this aspect:

* Empirically assessing the proposed cloud adoption framework provide find-
ings on determinants that influence the adoption of cloud computing by SMEs.
However, the factors influencing the adoption of cloud computing at a partic-
ular phase may change over time. Besides, the research model could be ex-
amined further by applying Structural Equation Modeling (SEM), which is a
more robust statistical technique that provide an advantage of analyzing com-
plex models, and it examines relationships that are free from measurement
error[79]. Thus, further research can be performed in this regard to realize the

cloud computing adoption process.

¢ In this study we have considered the firm size as control variable to provide
focused analysis between variables. However, firm type or firm capability could
also provide further intensive analysis. Hence, future works can include the

tirm capability as control variable and revise the firm size definition.

¢ The research design for the proposed framework was situated in the context
of SMEs in Ethiopia located in Addis Ababa. The design offers several advan-
tages such as controls for firm size and environmental context. Firms in one
environment and related scale may have similar awareness of cloud offerings,
exposure to competitive information, and similar regulatory concerns. How-

ever, the model may limit the generalization to other firm size and territories
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operating under different regulatory. Hence performing further researches in
this field of study is highly recommended, to test and confirm the proposed
conceptual model in other location in Ethiopia, other developing countries con-

texts or in different firm size.

In this study, we have addressed the decision challenge of SMEs on selecting the
best fit cloud deployment model by identifying the motivators and inhibitors of
cloud computing adoption by firms on their context using the proposed frame-
work. However, the decision challenges of SMEs” are not only related to cloud
deployment, selecting best fit of cloud service model and cloud providers are
another challenges that need an investigation. Therefore, studies are welcomed
in proposing cloud service prediction model for SMEs in Ethiopia. The model
can be proposed by assessing our proposed framework or analysis of context

based benefits, opportunities, costs, and risks (BOCR) with AHP.
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APPENDIX

A.1 RESEARCH INSTRUMENT USED

Dear Participant:

The aim of this study and this questionnaire particularly is to examine determi-
nants that affect and likely to impact the adoption and use of cloud computing
technologies by Small and Medium-sized Enterprises (SMEs) in Ethiopia. The gen-
eral purpose of this study is to place a foundation work for utter understanding of

the determinants of cloud computing adoption by SMEs in Ethiopia.

The research is undertaken under the supervision of Dr. Fekade Getahun, for the
partial fulfillment of the requirement for Degree of Master in Telecommunication
Engineering. You have been selected to participate in this survey because you are en-
rolling in the Ethiopian SMEs. Your views and perception on the statements outlined

in the survey questioner will help us to understand your firm’s perspective.

Please complete the questionnaire that requires an approximate 10-15 minutes to
complete. Finally, I confirm you that your response will be kept confidential and
only used for academic purpose. If you require additional information or have ques-

tions, please contact me on +25191151-0160.

Thank you for your participation.
Sincerely,
Birhane W/gebreal

Addis Ababa University



A.1 RESEARCH INSTRUMENT USED

1) What is your job role?
1. IT officer
2. Company owner
3. IT Manager
4. IT expert
5. Others (please specify)

2) What is the specific sector of your organization?

1. Financial

N

. Agricultural
ICT

. Transport

3

4

5. Media and Publishing Sector
6. Hotel & Tourism

7

. Others (please specity)

3) What is the size of your organization in number of employees?
1.1to5
2.5to 30
3. 31 to 100

4. More than 100

4) Does your organization plan to migrate services and data to cloud computing?
1. Yes
2. No
3. It has already migrated to the cloud
4. Don’t know

5) Are you familiar with cloud computing (i.e. Private Cloud, Public Cloud, and Hy-

brid Cloud)?
1. Informed

2. Professional
3. Expert
4. Don’t know
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6) On the scale of 1 to 7 where (1= Strongly Disagree, 2= Disagree, 3= Somewhat
Disagree, 4= Neutral, 5= Somewhat Agree, 6 =Agree, 7= Strongly Agree), please

rate the following reasons for moving to cloud computing in your organization.

Adopting cloud computing will ...

Reduce information technology costs (like | 1 |2 (3|4 |5|6 |7

maintenance )

Ensure fast time to market 1234|567

Ensure high scalability of IT resource 1234|567

Outsource IT services and focusoncorecom-| 1 |2 (3|4 |5|6 |7

petencies

Help in solving Lack of internal IT resources | 1 |2 (3|4 |5 |6 |7

7) On the scale of 1 to 7 where (1= Strongly Disagree, 2= Disagree, 3= Somewhat
Disagree, 4= Neutral, 5= Somewhat Agree, 6 =Agree, 7= Strongly Agree), please

rate the factors which might restrict migration to cloud in your organization.

Customer or confidential information leakage 1234|567
Difficult to integrate with previous IT systems 1|2(3[|4|5|6]|7
Cannot provide solid quality guarantee 1/2(3|4|5|6]|7
Poor network transfer speed 1/2(3|4|5/|6|7

Confined to a particular provider, difficult to |1 |23 |4 |56 |7

switch (vendor Lock-in)

Loss of control over IT resources 1/2(3[4|5|6]|7




A.1 RESEARCH INSTRUMENT USED

8) On the scale of 1 to 7 where (1= Strongly Disagree, 2= Disagree, 3= Somewhat
Disagree, 4= Neutral, 5= Somewhat Agree, 6 =Agree, 7= Strongly Agree), please rate
the extent to which you agree or disagree with the following statements in relation

to your organization.

Our organization intends to adopt Cloud comput-| 1 |2 |3 (4|56 7

ing.

Our organization feels that the organizationsneeds | 1 |2 |3 (4|56 |7

can be met by Cloud computing.

Our organization will take steps to adopt Cloud |1 |2 |3 (4|56 7

computing in the future.

Our organization will adopt Cloud computing |1 2|3 (4 |5|6]|7

within the next 12 months.

The organizations connectivity to the internetisad-| 1 |2 (3|4 |5 |6 |7

equate for cloud computing services.

Within this company the necessary skills to imple-| 1 |2 |34 |5 |6 |7

ment cloud computing exist.

Our organization knows how IT canbe used tosup-| 1 |2 (3 |4 |5 |6 |7

port operations.

Our organization readily accepts innovationsbased | 1 |2 (3 |4 |5 |6 |7

on research results.

Management in my organization actively seeksin-| 1|23 (4|5 |67

novative ideas.

Innovation is readily accepted in this organization. |1 |2 |3 (4|56 |7
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Our organization thinks that cloud computing has

an influence on competition in this industry.

Cloud providers pressuring our organization to

buy their cloud computing products.

Some of our competitors have already started using

cloud computing.

Policies and regulations of the government are in

favor of adopting cloud computing solution.

Our organization feels secure storing data in Cloud

if the data center is located in Ethiopia.

Our organization feels a loss of privacy if the Cloud
services run from a different country, as different

privacy legislation applies.

Our organization feels locating cloud service on
long geographical distance (overseas) will have an

impact on quality of service.
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A.2 DESCRIPTIVE ANALYSIS

Descriptive Statistics for the Survey Items

Minimu Std.

Item N m Maximum | Mean Deviation

RAl 145 1.0 7.0 5.159 1.5077
RA2 145 1.0 70| 4821 1.6401
RA3 145 1.0 70| 5.062 1.5194
RA4d 145 1.0 7.0 4428 1.5975
RAS 145 10 7.0 4738 1.5987
BC1 145 1.0 70| 4869 1.5150
BC2 145 1.0 70| 3.639 1.5156
BC3 145 10 7.0 3.945 1.8700
BC4 145 10 7.0 4041 1.7751
BCS 145 1.0 70| 4097 1.5782
BCéh 145 1.0 70| 4.269 1.9588
TR1 145 10 6.0 2.869 1.0688
TR2 145 1.0 7.0 3.510 1.5371
TR3 145 1.0 70| 3.662 1.6592
101 145 1.0 70| 4310 1.6267
102 145 1.0 70| 4021 1.5744
103 145 1.0 70| 4228 1.3629
EP1 145 1.0 70| 3752 1.3971
EP2 145 1.0 70| 3.683 1.4658
EP3 145 1.0 70| 3407 1.5964
EP4 145 1.0 70| 3.738 1.2529
PL1 145 1.0 70| 5.248 1.3669
PL2 145 1.0 70| 5.166 1.5680
PL3 145 1.0 70| 4883 1.5479
AD1 145 1.0 70| 5076 11123
AD2 145 1.0 70| 4959 1.2069
AD3 145 20 70| 5.262 1.1182
AD4 145 10 70| 4669 1.2079
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Frequencies of respondents’ current position

Position Frequency Percent(%)
IT officer 10 6.9
Company owner 39 338
IT Manager 30 20.7
IT expert 34 234
Others 12 15.2

Frequencies of organizations’ industry type

Industry type Frequency Percent
Financial 3 2.1
Agricultural 11 7.6
ICT 56 386
Transport 14 9.7
Media and 12 8.3

Publishing Sector
Hotel & Tourism 14 9.7
Others 35 241
Frequencies of firms’ ske

Firm type Frequency Percent
Micro 65 448
Small 48 331
Medium 32 221
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A3 INTER-ITEM CORRELATION ANALYSIS OF CONSTRUCTS

Inter-Item Correlation Matrix of RA

RA1 RA2 RA3 | RAd4 RA5
RA1 1
RA2 4le 1
RA3 572 434 1
RA4 364 438 473 1
RAS5 44 641 376 498 1
Inter-Item Correlation Matrix of TR
TR1 TR2 TR3
TR1 1
TR2 459 1
TR3 531 604 1
Inter-Item Correlation Matrix of BC
BCl | BC2 | BC3 BC4 BC5 | BCé
BC1 1
BC2 253 1
BC3 457 | 257 1
BC4 505 300 678 1
BC5 488 | 243 546 568 1
BCé 306 | 210 467 443 258 1
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Inter-Item Correlation Matrix of IO

101 102 103
I01 1
102 347 1
I03 480 346 1

Inter-Item Correlation Matrix of EP

EP1 EP2 EP3 EP4

EP1 1
EP2 392 1
EP3 | .643 390 1

EP4 | .232 389 .248 1

Inter-Item Correlation Matrix of PL

PL1 | PL2 PL3
PL1| 1
PL2| M1 1
PL3| .569 | 411 1
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