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Abstract 
With considerable improvement in Information and Communication Technology (ICT) field, many areas of our 
lives have been affected, including the learning environmentE-learning is one such inventions and is linked to the 
use of electronic methods to support the E-learning process, which has become increasingly popular and has 
become a strong trend due to the enormous benefits it offers to learning environments. However, E-learning 
systems and its management require huge investments in information technology, and many educational 
institutions don't have enough budget to afford the cost, therefore cloud computing is the finest solution. It provides 
an effective mechanism which can allow of building a new mode of E-learning system. This paper, discusses the 
features of the E-learning system, describes the strategy of Cloud computing, and analyzes the impact of using 
Cloud Computing in E-learning. 
Keywords: e-learning, ICT, cloud computing, NIST 
1. Introduction 
Nowadays, ICTs play an essential role in the learning field. There are many models to get knowledge through 
Internet. One of the most favorable models in education field is E-learning. It indicates to the use of ICT in the 
network, allowing new opportunities for developing the education that have a strong effect on learning and 
teaching. Currently, no one can deny the popularity of E-learning in learning and teaching fields, regardless of 
time and space barriers (Dong, & Huang, 2011).  
Other advantages have helped to accept E-Learning systems in countries including: the ease access to ICT, 
enormous growth in data, users, and resources (i.e. hardware and software), increasing flexibility, ease of access, 
convenience and availability of variety of courses, and reducing the training cost (Ajadi et.al, 2008, Fern´andez 
et.al, 2012).  Whilst there are many educational institutions cannot be adopting E-learning platform due to its 
huge investments in IT infrastructure (i.e. hardware and software) (Paul & Santhi, 2014). 
To solve these problems, a key model has been emerging recently in the present century which is cloud computing. 
It is a new model for E-learning systems that providing suitable, on-demand access to a centralized shared pool of 
computing resources that can be deployed with great performance and minimal management overhead (El-Sofany 
et.al, 2013). 
This model is a new technology which can improve universities functions in terms of students and academic staff 
services, and institutions themselves. Currently, the cloud computing is a trend that can solve the contradiction 
between the need to act quickly when experimenting new ideas and the slow traditional processes of planning and 
developing. The basic idea of cloud computing is to connect the computing resources as a service consumed by 
people, rather than a product that runs on their individual computers (Rădulescu, 2014). 
This research is organizing as follows: E-learning architecture i.e. definition and its advantages have been 
explained in section 2. Cloud computing architecture has been discussed in section 3. Section 4 describes how can 
the cloud computing provide the E-learning systems with many services, and the conclusion in section 5.  
2. E-learning Architecture 
E-learning is an electronic learning, think of “E” as “Extended, Engaging, Energetic, and Exciting” learning 
(Luskin, 2012). Nowadays, it is widely used at different levels of education, like universal courses, firm 
trainings …etc. With the advent of handheld wireless devices (i.e. mobile phones, tablets and iPads), new terms 
are appeared such as “M-learning, which means the learner can learn in various environments using portable 
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devices rather than being restricted to a classroom or to a desk. 
Liu in his research (Liu, 2010) provides the following definition of E-learning: “E-learning uses the Internet or 
other digital content for learning and teaching activities, which takes full advantage of modern educational 
technology provided with a new mechanism of communication and resource-rich learning environment to achieve 
a new way of learning”. 
Many research studies have been addressed the various issues that are related to E-learning in higher education 
system. Some of researchers defined E-learning (OECD, 2005), Sambrook, 2003), as “communication and learning 
activities through computers and networks (or via electronic means)”. Fry (Fry, 2000) provided more specific 
definition; “delivery of training and education via networked interactivity and a range of other knowledge 
collection and distribution technologies.” Wild, Griggs and Downing (Wild et.al, 2002) also had the same 
definition as Fry’s – they defined E-learning as “the creation and delivery of knowledge via online services in the 
form of information, communication, education and training”. Bleimann (Bleimann, 2004) stated that E-learning 
is a self-directed learning based on technology, especially web-based technology. 
As shown in Figure 1, the architecture of an E-learning system is distributed system, consisting of two essential 
components: hardware and software. The hardware can be servers, communication infrastructure, and client device 
which can be PC, mobile, or tablet. The software consists of database, applications, and client application which 
can be dedicated application or web browser (Pocatil, 2010). 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. E-learning System 
 
E-learning includes communication tools (i.e. synchronous and asynchronous), learners tracking, and assessment 
and collaboration techniques (Sneha & Nagaraja, 2013). E-learning is enhanced learning process based on ICT 
tools that are used to improve the online activities. There are basically four types of E-learning systems: Learning 
Support System (LSS), Learning Content Management System (LCMS), Learning Management System (LMS), 
and Learning Design System (LDS) (Ismail, 2002).  
Based on the literature review (Allen, 2011, Roy and Raymond, 2005) the E-learning has many advantages, some 
of them are listed below:  
• Saving money: In E-learning, there is production and small implementation costs only, no cost for production, 
set up, delivery, nor travelling. 
• Accessibility: The students can access the material anywhere and anytime without worrying of missing 
important information. 
• Affectivity: The E-learning has different learning styles and the students can choose their learning styles 
through variety of media (i.e. presentations, video, audio, etc.). In addition to, the student can replay some segments. 
The review of some previous work in E-learning field (Almarabeh et.al, 2014, Guoli & Wanjun, 2010, Karim & 
Goodwin, 2013, Kerres & Witt, 2003) shows the resources of E-learning systems are the most important challenges 
facing the universities. It is important to understand that the cost in E-learning related to the maintenance of 
hardware (servers, computers, data centers, computing centers ...), and software which means the university has to 
pay for the site license, installation, and the technical support. (Kwan et.al, 2008, Arabasz et.al, 2003). 
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There are at least two users involved in an E-learning system: the teachers (i.e. uploading the course description, 
assignments and projects, assessing them and sending feedback, preparing exams and communicate with the 
students through forums...etc.), and the students (i.e. taking the courses online, downloading and uploading the 
assignments after solving, and taking exams...etc.). 
3. Cloud Computing Architecture 
Cloud computing is an important modern term in many fields. It doesn’t refer to specific technology so it has many 
definitions (Schubert et.al, 2010). IEEE Computer Society defined Cloud computing as: "A paradigm in which 
information is constantly stored in servers on the Internet and cached temporarily on clients that include desktops, 
entertainment centers, computers, notebooks, handhelds, etc." (Kho, 2009). It provides the delivery of computing 
as a service not as a product, where by shared resources; software and information are produced to computers and 
other devices as a metered over a network.  
The National Institute of Standards and Technology (NIST) defined it as: (The National Institute of Standards and 
Technology, 2011): "Cloud computing is a model for enabling convenient to access to networks and applications 
quickly, common set of configurable computing resources (e.g., networks, servers, storage and applications) that 
can work with little or interfere with the service provider to provide or be released immediately." Berkeley RAD 
Lab provided another definition (Armbrust et.al, 2009) is "cloud computing refers to both the applications 
delivered as services over the Internet and the hardware and systems software in the datacenters that provide those 
services. The services themselves have long been referred to as Software as a Service (SaaS), so we use that term. 
The datacenter hardware and software is what we will call the cloud". 
As shown in figure 2, the cloud computing has three widely referenced service models. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Models of Cloud Computing 
 
1) Infrastructure as a Service (IaaS): The resources (servers and storage) are offered as services to customers so 

the businesses rent the resources rather than spending money to buy. 
2) Platform as a Service (PaaS): Provides required platform to develop and customize applications. 
3) Software as a Service (SaaS): Software applications are offered as services, like: Email, customer relationship 

management (CRM), instant messaging (IM), and office applications. 
In addition to these service models, four deployments have been added (Almarabeh & Majdalawi, 2017): 
1) Public Cloud: the storage, cloud applications are made available to the public by a service provider. These 
services can be free or offered on pay-per-use. 
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2) Private Cloud (also known as internal cloud): means the cloud infrastructure specified for a particular 
organization which it is not shared with other organizations. Private clouds are more expensive but also more 
secure when compared to public clouds. 
3) Community Cloud: means sharing computing infrastructure between several organizations from a specific 
community. 
4) Hybrid Cloud:  These Clouds are a composition of two or more clouds (i.e. public, private, and community) 
to take the advantages of multiple deployment models such as increasing the flexibility of computing. The costs 
are spread over fewer users than public cloud (but more than private cloud). 
The models of cloud computing offer enormous benefits to institutions such as reduced infrastructure costs, 
unlimited data storage, recovery, backup, and ease access to information. On the other hand, the cloud computing 
has disadvantages as follows (Micheal, 2009): 
 The Internet connection: The internet is an essential component for cloud computing. In some regions there 

is no internet which means the user can’t access anything (i.e. applications, documents... etc.). Therefore, 
using the cloud computing there is impossible. 

 Limit the accessibility: In the regions that suffer low speed connections (i.e. Dial-up services), cloud 
computing will degrade the performance because it requires stable and fast connection to work with the large 
files and web-applications that need a lot of bandwidth to download. 

 Data security: In cloud computing, data is stored in the cloud. This means the data is just as secure as the 
cloud is. If an unauthorized user can access the cloud, he/she will also have access to stored data in the cloud. 
In addition to the need for backups. 

 Cost: On the long term, the data center subscription fee can be more expensive than buying the hardware; 
also the data will be accumulated massively to make it difficult to control. 

4. Relationship between E-learning and Cloud Computing 
In the present information age, ICT plays an important role in transforming how knowledge and skills are 
transferring to students rather than traditional face-to-face approach. There is need to redesign the delivery of 
educational system in response to the changing world as influenced by advancement in ICT (Baniwal, 2013). 
These two systems together provide an environment where the user only requires a portable device which can be 
mobile, tablet, PC, etc. The main elements of E-learning are hardware, software, and platform. The cloud 
computing can facilitates them. Users can get/put data on the cloud from any place at any time. The primary 
characters tics of the relationship between them:  resource pooling, on-demand self-service, broad network access, 
etc. 
Many universities can't run the E-learning system due to the needed infrastructure and the resources. This is the 
reason of why Moodle and Blackboard have versions of cloud oriented base applications. 
The trend towards the cloud computing because of low costs in terms of: development and technical support teams 
cost, periodic backup cost, and total project expenses. (Ahmed &Fouad, 2015, Akin et.al, 2014, Al Zoube, 2009, 
Rao, 2010). 
A study conducted by (Ahmed &Fouad, 2015) showed a comprehensive comparison between E-learning system 
before and after moving onto Cloud to see the contribution of E-learning standards with the Cloud standards. The 
result supports the moving on to Cloud Computing environment because it is used as solutions to delivery of 
computing as a service rather than a product. Table 1 shows the comparison between the traditional E-learning 
architecture and E-learning architecture based on Cloud computing (Masud &Huang, 2009, Gamundan et.al, 2013, 
Pocatilu et.al, 2009).  
 
Table 1. From Traditional E-learning Network to Cloud E-learning 

Service Traditional E-learning Cloud E-learning 
Acquisition Model Buy Assets Buy Service 

Build Technical Architecture Architecture Include 
Business Model Pay For Assets  Pay for Use 

Administrative Overhead Reduced Admin function 
Access Model Internal Networks Over the Internet 

Corporate Desktop Any Device 
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Technical Model Single tenant, non- shared Multi-tenant , Scalable, and 
Elastic 

Static Dynamic 
Delivery Model Costly, Lengthy Deployments Reduced Deployments time 

Land and Expand Staffing Fast ROI (Return On Investment) 
 
E-learning cloud is “a migration of cloud computing technology in the field of E-learning, which is a future E-
learning infrastructure, including all the necessary hardware and software computing resources engaging in E-
learning. After these computing resources are virtualized, they can be afforded in the form of services for 
educational institutions, students and businesses to rent computing resources” (Poonam & Sulke, 2014). Figure 3 
shows E-learning cloud architecture. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. E-learning Cloud Architecture 
 
The architecture can be divided into five layers: 
1) Infrastructure layer: This layer is located in the lowest level of cloud service middleware like physical memory 

and CPU. It is a dynamic and scalable physical host pool.  
2) Software resource layer: offers a unified interface for E-learning developers, composed of Operating system 

and middleware. 
3) Resource management layer: This layer achieves loose coupling of software and hardware resources. 
4) Service layer: It is containing three levels of services (software as a service (SaaS), platform as a service 

(PaaS), and infrastructure as a service (IaaS)). 
5) Application layer: Provides content production, content delivery, virtual laboratory, collaborative learning, 

assessment and management features. 
The E-Learning systems face many challenges, and many previous researches provide some possible solutions to 
overcome these challenges (Poonam & Sulke, 2014, Viswanath et.al, 2012, Patel & Chaube, 2014, Al Ajmi, 2014, 
Dong et al., 2009):  
 Lack of appropriate infrastructure: Many universities can't adopt the E-learning systems because E-learning 

needs rich multimedia and high resource requirements like storage, and bandwidth. In Cloud computing, data 
is created and accessed in the cloud, so no need for users to have digital devices (mobile, PC, Tablet) with 
large memory or high specifications. They can run the applications from cloud through their devices. 
Regarding the universities, they need to pay for each use and for the space they need only. 

 Lack of maintenance and technical support: Many universities do not have highly qualified staff to support 
their own infrastructure and respond to network interruptions or security threats. In cloud computing there is 
centralized infrastructure which will reduce the needed time for responding to the issues. In addition to, E-
learners will get the updated programs immediately because the programs are updated in the cloud. 
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 Change Management: The changing to an online system like E-learning will effects on all users like teachers, 
students, and technical staff. So the changing process isn't easy and the users need to recognize the value of 
such system and utilize it in their daily lives. Clouds provide wider access to E-learning users (i.e. access 
from anywhere), and the content of E-learning can be deployed and distributed quickly. 

There is an important issue regarding security is cloud computing where the remote servers can be crash for some 
reason without warnings. Regarding this point, no need to worry about because the cloud computing provides 
some central security benefits for users and organizations that are using/developing E-learning as follows (Aljenaa, 
2011): 
 It is impossible to locate the machine that stores important data (i.e. exam questions and results). 
 The primary part of the applications and data is stored into the cloud so it is not a major problem to lose the 

cloud client. Any new client can be connected quickly, and the observation of data access is easier than the 
traditional ways. 

 Quick replacement of a compromised cloud located server without large costs or damages. It is very easy to 
create a clone of a virtual machine so the cloud downtime is expected to be reduced highly. 

5. Conclusion 
E-learning is a rapid and effective way to spread knowledge to learners in all countries in the world but need huge 
investments in IT infrastructure. The Cloud Computing is an attractive solution to provide services with minimal 
cost. It can reduce the costs due to low requirements of hardware and software, less need for onsite maintenance, 
and easy deployment across multiple locations. The limitations of cloud computing are represented by internet low 
speed which can adversely affect the performance of services in E-learning. Day by day, the internet speed and 
stability are continuing to be improved, therefore the popularity of cloud computing will be supported.  
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