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Abstract: Nowadays there is a global understanding for the importance of e-learning systems which has
proved its applicability and advancement through the years especially in higher education sector. According
to this increase in its importance, many educational organizations have applied e-learning process with
focusing on the benefits to the student in applying this learning system. However, this increase has led to
the requirements of applying a scalable, reliable, and high performance e-learning system to ensure the
student’s satisfaction and raising the students’ education level which is the main aim of the educational
process. Consequently, the role of new information technology directions is increasing for the success of the
e-learning process. In this paper, we propose an adaptive educational process for e-learning systems based
on applying e-learning on cloud computing environment with the support of a load balancing technique to
ensure the highest available performance in the educational process and the positive impact for the student
‘s user satisfaction. The proposed approach has been evaluated and the results have been demonstrated in
this paper.
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1. Introduction

Over the past years, e-learning has proved its positive impact on the education system for different
stakeholders specially students and teachers [1]. Since e-learning has been emerged in Egypt, it has been
recognized as one of the most interesting educational steps in all stages of education. However, the growth
of the education system requirements has forced the need of enhancing the supportive systems such as
e-learning [2]. As E-learning is currently one of the main requirements in the process of education in all its
stages, therefore, a continuous improvement is always on focus. This improvement includes the main
e-learning process, the system content, its continuous availability, its performance, and the stakeholders’
satisfaction. A study in [3] has revealed that the e-learning is currently having a great impact on the
teaching process and this impact will continuously grow in future.

As discussed in [2], since e-learning currently has a strong acceptance for both lecturers and students,
then the opportunities for using e-learning should coop with this need. E-learning should become one of the
continuously available systems for students, with the highest possible performance to support students in
performing the required tasks and to have the highest benefits. Therefore, a focus on the system
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performance which is our focus in this research is currently an important aspect in the whole procedure.

The continuous increase in accessing e-learning resources may reveal many problem including the
resources availability due to the need of continuous upgrading of these resources and extending them. One
of the effective solutions that are applied for this situation is using cloud computing environments [4].
Cloud computing supports the educational organizations to provide students with the required services,
moreover, it supports deploying as many tools as required to serve the students [5]-[7]. Another issue that
arise according to the continuous increase in accessing e-learning is the wide number of students who may
use e-learning system simultaneously which may lead to a high load on the system, thus providing a
scheduling technique in e-learning is proved to an effective solution which lead to the continuous
availability of the services with the maximum available performance. Consequently, providing a load
balancing technique on the e-learning system that is using cloud computing environment is considered an
effective solution to reveal a high impact on the success of the applied e-learning systems in the educational
organizations. In this paper, we focus on applying a load balancing technique on an e-learning educational
system that is available in one of the most popular universities in Egypt, Helwan University to reveal its
high impact in the success of the applied system.

In this research, we have focused on enhancing the performance of e-learning in one of the most popular
universities in Egypt, Helwan University, which continuously gain an increase in students’ number every
year. As E-learning has been applied many years ago, we aim to increase the performance of the applied
system in order to be able to be balanced against the expected increase in the students number.

Load balancing ensures the improvement of the distributed system performance through the idea of
restructuring the system workload with the aim of reaching the highest users’ satisfaction and the
maximum throughput. Load balancing techniques are applied to ensure the avoidance of the situation of
having a large difference in the servers’ workload [8], [9]. Several static and dynamic load balancing
techniques has been discussed, some of these algorithms are Round Robin Load Balancing Algorithm,
Weighted Round Robin Algorithm, Random Allocation Algorithm, and task scheduling. The following is a
discussion for each algorithm [10], [11].

Round Robin Algorithm is a static load balancing technique which aims in the equal chance distribution
for all servers, the service is allocated to the server according to its round in the circulated queue. Round
Robin algorithm is simple in its implementation, and can provide an acceptable performance in the case of
having the servers with the same capabilities to avoid less usage of the higher server’s capability and over
usage of lower server’s capability. A weighted round robin algorithm works in the same manner as the
round robin with providing a weight to each server. The weight of the server represents its priorities in
being selected to provide the required services. Although this technique leads to more complexity in the
computation time, however, it provides more efficient procedure as the server that has higher priority, also
has higher capability, and therefore can have a prior queue role.

Random allocation load balancing technique process is to select the server randomly and is assigned for
the service. Although the algorithm is simple in its implementation which was the reason to be considered
in this research, however, it can provide inequality of the services distribution and the servers’ load. One of
the successful dynamic load balancing techniques is task scheduling, the work load is distributed based on
the utilization of the servers, the servers utilization are examined referring to the total work load in the
network, then the server with the least utilization is assigned to the service. This technique provides more
efficient process than the random allocation technique, however, it has a considerable complexity in its
computations.

The remaining of the paper is as follows, Section 2 discusses the previous work that has been performed.
Section 3 discusses the proposed approach, Section 4 presents the experimental evaluation, and Section 5

251 Volume 12, Number 3, May 2017



presents the conclusion and future work.

2. Previous Works

Different work has applied load balancing technique on the educational process, a work has been
presented in [12] which applied the k-means clustering algorithm for building clusters of nodes and then
apply a load balancing technique targeting the ability to handle the high requests’ rate. The proposed
approach in [12] has been measured in a simulator system to prove its success, however, as mentioned by
the author, the system should be applied on a real system for ensuring the performance measures,
moreover, the proposed approach requires to minimize the transferring in the tasks to minimize the
required network cost.

Another research by [13] in which focused on a determined service in the e-learning process, this service
is the files’ download. The system based on building a hash table to store the information of a recently
downloaded files, this table is accessed when a request is created as a primary search for the file. The target
of the proposed research in [13] is to reduce the CPU time, however, the proposed approach focused only
on one of the services which is the files’ download while more services are proposed in the e-learning
system such as uploading the assignments’ solution, browsing the students’ degrees, and working on a
stream file. These services are not considered in the previous discussed research while they seriously affect
the network traffic.

As Enhancing the educational process is one of the most effective targets in the educational system,
therefore different stages have been applied for the target of reaching the highest available performance
with the highest percentage of students’ satisfaction. According to [14], an enhanced educational system
has been proposed which aimed in adopting cloud computing in the e-learning system. The framework
focused on providing different learning methods to the students which increase the student’s satisfaction
with ensuring the system performance. The proposed framework succeeded in providing the required
satisfaction based on providing different educational services to students. As the variations of the students
characteristics may require different methods of learning, the services included in the adopted framework
aimed in supporting the students with different styles of learning with determining his suitable preferred
methods to use it in the following learning phases. These variations of learning methods was provided by
using cloud computing technology to ensure the ability of the educational system in supporting the
students with a variety of successful learning methods with no limitations of the required environment
capabilities. With adopting the learning systems with cloud computing, the focus was for enhancing the
process.

The proposed adapted system by [14] has been applied on 1200 students in Helwan University, and has
proved its success in enhancing the educational process with increasing the students’ satisfaction. However,
the previous experiment did not consider the high network traffic situation. When applying the enhanced
educational system in 20 minutes exam for the 1200 students, this has led to a high traffic in the system
during a specified period of time. It has been noticed that this situation has seriously reduced the system
performance. This paper focuses on the e-learning process based on the adoption of cloud computing
with the target of enhancing the system performance and availability. The proposed approach in this paper
aims to apply a load balancing technique on the adopted e-learning system to overcome the performance
problem during the high services rate hours. Section 3 presents the proposed enhancement.

3. Proposed Methodology

As discussed in Section 2, adopting cloud computing technology on the e-courses increased the
satisfaction in the e-learning process but confronted the problem of performance during peak time. As an
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adaptive stage for solving this situation, a load balancing technique has been proposed for the enhanced
educational process. Load balancing is a vital research field in the cloud computing environment which can
provide a solution for many problems considering the performance, availability, and reliability. In peak
time, users require to have the same services’ performance with not considering the high services rate in
the whole network, therefore, providing a balancing technique to balance the workload for the users lead to
achieving the maximum throughput with attaining the minimum response time.

In this research, we have applied two load balancing techniques, they are random allocation, and task
scheduling techniques, each has its own privileges and limitations. Sections 3.1, and 3.2 discusses the two
approaches in details.

3.1. Enhancing Educational Process Based on Random Allocation Load Balancing

In this phase, the static load balancing “Random Allocation Load balancing” technique has been applied
for the proposed enhancement in the educational process of the e-learning system [10], [15]. One of the
benefits which was the motivation for applying this algorithm is that it is easy in its implementation, it also
does not need for special configuration requirements. Fig. 1 presents a flow chart for by introducing the
load balancing approach based on random allocation algorithm.

To explore the enhancement on the system performance, the random allocation load balancing technique
has been developed on the enhanced educational system in 20 minutes exam for the 1200 students which
has led to a high traffic in the system during a specified period of time. The system has proved its
advancement on the previous system situation which is explored in the calculated measures. However,
Targeting to generalize the educational process by applying the enhanced system on different courses with
maintaining higher performance in different situations, when applying the system on 6000 students in a
limited determined time period for four different courses, the system had a very serious situation in
decreasing performance according to the strong need of service availability to all users (students). For
more stability and for the target of finding the best system performance and throughput, we have applied
one of the most successful dynamic load balancing technique which is task scheduling as will be described
in the next Section 3.2.

3.2. Enhancing Educational Process Based on Random Allocation Load Balancing

Based on the drawbacks that raised in applying the static random allocation load balancing technique,
and with targeting more orientation to the services and an increase to the system performance, task
scheduling technique is applied for adapting the enhanced educational process which in turn leads to
students’ satisfaction [16], [17].

One of the benefits in applying a dynamic load balancing technique that its nature is to consider the
attribute of each node and the available bandwidth of the network. The task is scheduled according to the
information that is determined for each client. This situation requires continuous monitoring to the
network traffic, assigned schedule, and the nodes’ activities. Although this approach is harder in its
implementation, however, when applying the system on 6000 students in a limited for the four courses
with determined time period according to our applied approach, the has proved to provide higher
performance and higher throughput as will be shown in the measurements in Section 4.

4. Experimental Evaluation for Applying Both Presented Load Balancing Techniques

The target of this experiment is to generalize the proposed approach on the e-learning educational
process over a large number of e-courses with high rate of students in all stages of the educational process
with the highest applicable system performance and students’ satisfaction. Therefore, the previously
discussed load balancing techniques have been developed and applied on 6000 students for four courses in
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20 minutes exam in order to measure the servers’ utilization in high services’ rate which explore the
system performance. The results has showed the advance of the task schedule technique. However, besides
the higher complexity in the implementation of task scheduling load balancing algorithm, another
drawback is the high power consumption which is not our focus in this research. The results are shown in
the comparative measurements in Fig. 1 to Fig. 7.

Different measures can be applied to explore the performance of the system [18], we have selected some
of these measures. Fig. 1 measure the response Time which determines the time required for the server to
respond to the request starting when it received this request. According to Fig. 1, it is shown that task
scheduling has the lead as it has less response time. Another measure is the latency which measure the time
required to assign the required service to a server in the network, according to Fig. 2, random allocation
has more stable latency than task scheduling according to the complexity in computation that is required in
task scheduling.

Fig. 1. Response time comparison between random allocation load balancing and task scheduling
techniques in the educational process based on cloud computing.

ATENCY

Fig. 2. Latency comparison between random allocation load balancing and task scheduling techniques in the
educational process based on cloud computing.

Network Bandwidth illustrated in Fig. 3 measures the usage of bandwidth is derived from several
parameters including the required computation, the traffic rate, and the nature of services. It is determined
that task scheduling has higher bandwidth usage as it utilizes the network resources for providing the
required services. Another measure is the Hit Rate illustrated in Fig. 4 which determines the number of
completed required services, it is related to the user satisfaction which increases by the higher hit rate
provided by the task scheduling. And finally the Errors Rate is presented in Fig. 5 measures the load
deviation in the network, the lower the error rate provides higher load balancing in the network, as shown
in Fig. 5, task scheduling has almost zero error rate.
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Fig. 3. Bandwidth comparison between random allocation load balancing and task scheduling techniques in

the educational process based on cloud computing.
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Fig. 4. Hits rate comparison between random allocation load balancing and task scheduling techniques in
the educational process based on cloud computing.

Fig. 5. Errors rate comparison between random allocation load balancing and task scheduling techniques in
the educational process based on cloud computing.

5. Conclusion and Future Work

In this paper, we presented an enhancement of the educational process over the cloud computing
environment based on applying a load balancing technique for the target of increasing the system
performance in the high services’ rate duration time, which consequently lead to an increase the students’
satisfaction. The proposed approach has been evaluated by applying two load balancing techniques, they
are random allocation and task scheduling. Both situations have been evaluated and the results have been
presented which explore the pros and cons for each algorithm and its impact on the whole process.
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Although applying the presented experiments has explored the positive impact on the proposed
approach, however, more enhancements can be proposed. One of these enhancement is to consider the
power consumption rate during the process, another direction is to apply the proposed system in more
crowded system to ensure its reliability. Moreover, exploring more load balancing techniques should be
performed for the target to find the suitable algorithm for different situations with providing an integration
technique that consider the selection of the best algorithm according to the current network situation.
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