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Abstract— The cloud computing has evolved in recent years as a very promising and popular technology in the implementation of IT 
solutions for large companies and organizations. It can be observed that it also provides an excellent alternative in cost reductions in high 
education institutes, because infrastructure maintance is the responsibility of the provider cloud service. This paper presents the current 
initiatives in the use of cloud computing in education institutes, presenting aspects such as adopted migration strategies and learning 
environments that use cloud computing for education. 

Index Terms—. Colaborative Learning, Cloud Computing, Initiatives on Cloud Service, Informatics in Education. 
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1 INTRODUCTION                                                                     

Ith the advancement of technology and the need for 
reducing costs to achieve better results with lower 
budgets, education institutes spread in the world are 

seeking alternatives to improve their IT infrastructure, 
providing cost reduction and quality service for its students, 
teachers and staff. In this context, Cloud computing is an in-
teresting alternative to the education institutes reduce costs 
and increase the computational resources, such as software 
and hardware, on their campus.  

Cloud computing environments offer tools that facilitate 
and simplify the sharing and dissemination of knowledge 
[1].The solutions offered by the cloud enables, for example, 
collaborative learning, using technology in order to bring stu-
dents and teachers together in a commom environment, 
providing a significant improvement in the development of 
the studies and post classroom research. The Cloud compu-
ting offers many advantages to the solutions of e-learning, by 
providing through virtualization infrastructure, platform and 
application as a services and facilities for data access control 
[2] [3]. 

Despite of the fact that Cloud Computing is an interesting 
alternative for educational institutions, it is not considered a 
simple task to be implemented. There are currently several 
different initiatives, and these initiatives differs significantly 
on how to use the cloud (e.g. using hardware resources such 
as processor and storage or using softwares available in the 
cloud) and how to desing it (e.g. using public cloud such as 
Amazon or to design and implement a private cloud). 

 

 
 

 

This paper aims to present current initiatives in the use of 
cloud computing in education institutes, bringing case studies, 
experience reports, migration strategies and implemented 
cloud solutions. This document is divided as follows. Secion 2 
shows basic concepts of cloud computing, which are needed 
to a better understanding of this work. Section 3 describes 
how cloud computing can be used by educational institutes in 
theory. Section 4 presents different initiatives that address the 
use of cloud computing in education. Finally, Section 5 
presents conclusions and future work. 

2 Basic Concepts  
This section aims to presents basic concepts that are relevant 
to achieve a better understanding of the work. 
 
2.1 Cloud computing 
Cloud computing is considered an essential topic in the tech-
nology world. With the growing demand for hosting web 
server or storage data in cloud, the number of companies that 
offer this type of service also increases. The term cloud com-
puting, according to Taurion [4] appeared in 2006 in a talk by 
Erick Schmidt on Google. To Velve [5], cloud computing is an 
idea which allows the use of the most varied applications on 
the Internet anywhere or anytime, and independent of the 
operational system used. 

In practice, cloud computing provides a hardware abstrac-
tion to end user, that is, this user has the feeling of having in-
finite resources, but there is actually a limited physical infra-
structure managed by a CSP(Cloud Service Provide). Each 
part of this infrastructure is provided as a service, and these 
services are allocated using shared hardware for computing 
and storage [6]. 
2.2 Cloud Computing Services Model 
The model of services in Cloud Computing is often divided 
into three layers and these layers are described as follows. 

The Saas (Software as a service) layer provides a platform 
of access to software systems that are available over the Inter-
net and these systems are accessible by the user through com-
puters or devices, such smartphone or tablets. In this type of 
model the user does not have administrative control over the 
platform infrastructure, such as platform servers or operating 

W 

———————————————— 
• Vladimir Gualberto is currently graduate in degree computing, in Rural 

Federal University of Pernambuco (UFRPE), Brazil. E-mail: vladimirgual-
berto@gmail.com 

• Fernando Aires is currently PhD in Computer Science in Federal Universi-
ty of Pernambuco (UFPE), Brazil.. E-mail: faires@gmail.com 

IJSER

http://www.ijser.org/


International Journal of Scientific & Engineering Research, Volume 7, Issue 10, October-2016                                                                                        870 
ISSN 2229-5518 

IJSER © 2016 
http://www.ijser.org  

systems. 
The Paas (Platform as a service) is the middleware layer, a 

layer available between the operating system and the distri-
buted applications. Its provides service such as operating sys-
tems, database and storage services data to developers based 
on the model pay per usage, i.e. the charge is directed related 
to the resource utilization. 

The Iaas (Infrastructure as a service) is the layer that is clos-
er to the hardware level, and provides hardware virtualization 
services, where the costumer can access the settings and ser-
vices of the environment, especially aspects such as 
processing, networking and data storage. In general, the Iaas 
offers a variety of advantages, such as the cost reduction on 
equipments use such as machines, servers and network as-
sets.Table 1 shows the three presented models and their target 
users. 

TABLE 1 
Cloud computing layers and services. 

Layer Service Target Examples 

1 - Application SaaS End user Google Docs and One-
Drive 

2 – Development 
platforms 

PaaS Developers Microsoft Azure and 
Google App Engine 

3 - Infrastructure IaaS IT Manag-
ers  

EC2 Amazon 
Eucalyptus 
OpenNebula 

3 EDUCATIONAL CLOUD COMPUTING 
Cloud computing appears to be an attractive technology for 
education institutions, and several initiatives describes cloud 
computing applied in educational institutions as an excellent 
alternative for 1) the improvement of it internal process 2) im-
proving the structure of the courses and 3) the reduction of 
costs[7][8][9][10][11].  

Chihi [1] states that with the cloud use, universities can re-
duce infrastructure maintenance costs and can give their part-
ners, teachers, students and staff, access to optimized re-
sources. The potential and effectiveness of the Cloud compu-
ting use in higher education has been recognized by many 
universities from which include among others the University 
of California [12], offering services such as Office 365 Email, 
Google Apps for Education and more for students and teach-
ers. In another interesting example, the Digital Paris Ile de 
France University, in collaboration with French start-up, 
founded an inter-university Cloud, called UnivCloud. It offers, 
among other online services including online courses, storage 
spaces and collaborative spaces [13]. 

In order to better ilustrate the idea of cost reduction in prac-
tical terms, an article [14] describes a concrete example: Italy’s 
first Open University, Marconi University, reduced costs by 
23% by moving to a cloud computing platform from an exist-
ing collocation facility. This also facilitated the university to 

provide “educational resources via an e-learning platform and 
mobile devices such as laptops, tablets and smartphones”.  

Moreover, cloud computing connects all the university fa-
culties and departments together and enables the access to the 
data storages, e-mails, databases, educational resources, re-
search applications and tools anywhere for teachers, adminis-
trators, staff, students and other users when needed [15]. Fig-
ure 1 shows a diagram describing the advantages in the use of 
cloud computing applied to educational institutions. 

 
Fig. 1. Advantages in the use of educational clouds 

4 EDUCATIONAL CLOUDS - CURRENT INITIATIVES 
This section aims to identify and present case studies and in-
itiatives in the area related to the use or implementation of 
cloud computing considering education purposes. 

  
4.1 Migration Strategy for Cloud Computing Usage in 
Educational Environments 
In this initiative, the main contribution of the author is a 
migration strategy of the IT infrastructure of higher education 
institutions for a cloud solution, proposing a linear structure 
of steps to enable this migration. The author also illustrates 
how universities can move from the use of local servers to the 
use of software as a service in clouds [1].  

The author proposed a migration strategy that involves six 
steps. The first of it the Knowledge development (1), focuses 
on spreading knowledge about the cloud should be addressed 
in lecture, Seminars and conferences in order to present the 
solution to users, in this case students, teachers and staff. For 
this the University should compose a team of qualified profes-
sionals who have experience in the field.  

Another step would be University state evaluation (2), this 
step necessary to assess the current state of the university re-
garding their computational needs, the first stage is to under-
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stand the IT infrastructure of the university. Figure 2 shows 
the migration model proposed by the author. 

 

 
Fig. 2. Migration strategy proposed by Chihi 

Another important step of the migration strategy is the 
Classification of university services (3), necessary to identify 
which data, applications and operating are used in the univer-
sity. The second point in this step would be to determine crite-
ria for each given application or the level of reliability, integri-
ty and availability. The Cloud solution  will allowall types of 
users to access to the stored files, emails, databases and other 
applications from anywhere, on demand and with the consid-
eration of the user’s profile to ensure data privacy.[1] 

According to Chihi, after classifying and identifying the 
services of the institution, the next step is to choose which 
cloud solution (4) should be used in the presented scenario 
(e.g. private, public or hybrid cloud). For each function, identi-
fied processes and services which service level can be set 
(SaaS, PaaS, or IaaS) to institution and finally the final two 
steps, implement the cloud solution (5) and integrate the cloud 
solution (6), where a monitoring team to acess the design and 
integrate the cloud solution will be necessary to avoid a radi-
cal migration, and have a continuous migration process, and 
this team is responsible for providing documentation and 
training. 

The author has prepared a survey on cloud computing in 
Tunisian Universities. Initially is describes the problems often 
encountered in the process of migration, and the author inter-
viewed IT managers, students and teachers of instituitions. 
The major obstacle is still in information securityaccording to 
research presented by the author. 

According to the participants of this survey, these risks are 
still valid for the use of the Cloud. In response to the question 
of whether respondents have perceived these risks ”as new 
risk” compared to a traditional hosting arrangement, 61% 
have answered ”yes” while 29% have answered ”no”[1]. Ana-
lyzing this point, it is possible to state that not all students and 
teachers will have the financial resources or material resources 
to develop a study or research post classroom. 

Another question reported by the author is the scope of 
knowledge relative to the degree of experience that each of the 
respondents to cloud computing and the vast majority had a 
good experience in the use of applications or cloud services. 
About 75% of respondents have reported that they had an un-
derstanding of ”average” to ”good”of the Cloud computing 
and about 25% of respondents have indicated that they had a 
”poor” or ”no” understanding on the field of the Cloud.[1] 

 The author concludes that the current situation of the insti-
tutions forces the the conscious use of computational re-
sources, and the cloud appears as a solution that brings sever-
al advantages, including the reduction of maintenance costs. 

 
 

4.2 Research on the Implemention of Cloud Solutions 
in Education Institutes 
Another relevant initiative in the area is the work carried out 
by Mitchell [16]. In this initiative, the author aims to search 
relevant information related to the cloud use in education on 
the author's country. Interviews were carried out with a spe-
cific view to learn the reasons for deploying cloud computing 
solutions, the benefits and challenges encountered and how 
cloud computing solutions have impacted the education insti-
tutes [16]. 

According to the author, students use cloud technology 
both inside and outside the campus of the institutes through 
personal computers or smart devices (tablet, smartphone, 
etc).The students can use, for example, their email from a pub-
lic CSP such as Google mail, can use the Moodle learning en-
vironment, which is deployed on a private cloud within the 
institute or they can access the student registration system, 
which is a SaaS provided by An Chéim using HEAnet com-
munity cloud infrastructure[16].  

The University IT managers are responsible for managing 
and providing cloud services for technology area of each insti-
tute, taking into account the recent budget cuts applied on 
Irish public services, causing them to seek alternatives for 
more sustainable and economic investment. 

A new strategy should be used in order to make the reallo-
cation of resources and their rational use to provide emerging 
technologies to students, teachers and staff. 

There are many types of hypervisor and e-mail services in 
used within the researched institutes. Hypervisor is a platform 
that allows the users creates and manages virtual machines. 
The author conducted a survey with the IT managers of the 
institutes to verify which cloud solution types and Hypervi-
sors were adopted by the institutes and the results are shown 
in Table 2. 

TABLE 2 
Hypervisors and software in cloud used in institutes 

Type of e-
mail server 

MS public 
cloud Office 
365 

Google pub-
lic cloud 
email 

E-mail on 
Private cloud 
in-house 

Values in % 50 30 20 
Type of 
Hypervaisor 
used 

Microsoft 
Hyper-V 

VMware 
VShere 

Critrix Xen-
Server 

Values in % 60 30 10 

The author also describes another research that focus on the 
analysis of the benefits of deploying cloud computing in Irish 
Institutes of Technology.  

One of the most important attributes highlighted by the in-
terviewed IT managers is the availability, which is the percen-
tage of time that the resource is available. 80% of the 
respondents answered that availability is an important benefit 
that the cloud offers. 

 In addition, cost reduction was one of the main advantages 
mentioned (90% of IT managers) in the interviews with IT, and 
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all of them stressed that the reduction in maintenance and 
electricity are important advantagens in the use of cloud tech-
nology. 

The reduction in maintenance is another advantage hig-
hlighted by respondents. Aproximatelly 100% of the inter-
viewed users appointed this factor, evaluating the infrastruc-
ture the cloud model is managed by the provider of services. 

The author concludes that cloud solutions are accessible to 
educational institutions, bringing an alternative to replace or 
upgrade the technological resources, offering a flexible and 
resilient service.  
4.3 Implementation of Educational Private Clouds  

Another interesting initiative is the implementation of an 
educational cloud at the Federal University of Rio Grande do 
Norte, in Brazil. The author describes implement a private 
cloud in the educational institute, called IMDcloud [17]. 
Instructions such as which software and which is the 
minimum structure necessary for the full operation of the 
solution are provided. 

According to Souza [17], the teaching, research, extension 
and technological innovation strongly depends on increasing 
computational resources to achieve the needed goals 

 For the implementation of the cloud computing solution in 
the education institute, the author lists some requirements 
[17]: 

• Compatibility with VMware vSphere - hypervisor 
in use in the target environment (Datacenter Digi-
tal Metropolis Institute - IMD / UFRN); 

• Scalability, high-availability and fault tolerance; 
• Usage of an open cloud platform, with interopera-

bility assured with several technologies, APIs and 
communication protocols; 

• Integration with authentication and authorization 
mechanisms available in the target environment. 

The author chose these requirements to meet both the de-
mands of the academic environment and innovation techno-
logial on the university. 

Based on the requirements, the solution adopted for the 
implementation of the educational cloud was OpenStack [18] 
as cloud / service orchestration. OpenStack is a key element in 
the cloud platforms industry, both adopting free software 
community as the business market [19].  

In addition, the VMware Integrated OpenStack (VIO) is a 
provided distribution and OpenStack supported by VMware, 
Inc., prepared to work in an infrastructure existing VMware 
virtualization [17]. The VIO It provides control of cloud re-
sources through the OpenStack APIs and allows a process of 
rapid and safe deployment of a cloud OpenStack. 

The author that for a cloud solution geared for production 
environments the VIO configuration must be robust. Accord-
ing Abdelrazi [20] need at least 56 vCPUs, 192GB of memory 
and 605GB of disk storage and all that configuration is neces-
sary to provide the many services in solution of cloud compu-
ting. 

The main feature of the IMDcloud is the possibility that the 
user has to create and manage their own virtual machine, thus 
avoiding long application process done for the IT departa-
ment. In some cases, teachers need to constantly manage the 

process. Souza shows that it is a must have resource access 
environment for managing virtual instances.  

Finally, the author realized an online questionnaire for eva-
luating among with the teachers of the services offered by the 
cloud (IMDcloud), and the result was that 80% of docents eva-
luated as positive using the services.  

5 CONCLUSIONS AND FUTURE WORK 
Cloud computing has become an excellent alternative to 
reduce cost and improve the technology infrastructure of 
various institutes of education in the world,  
offering students, teachers and staff of the institution access to 
university content, anywhere, anytime through services 
offered by cloud solutions. 

The main contribution of this work is the presentation of 
current initiatives focused on the use of cloud computing in 
the education field. After the analysis of these initiatives, it can 
be noted that cloud computing have shown numerous benefits 
considering educations purposes, such as cost savings, reduce 
it maintenance, scalability, flexibility, green campus, online 
course delivery and colaborative learning. 

As future work, the proposal is to develop a cloud 
computing deployment strategy applied in educational 
institutions, and this strategy should be designed for the 
evaluation of the costs and challenges, as well as hardware 
and software required for the use of cloud services. 
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