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Abstract—With the progress of society, traditional online learning plat-
forms have demonstrated the uneven distribution of information resources, and 
teacher–student communication exhibits a certain delay. At present, cloud com-
puting, which is a new product of information technology, has been favored in 
many areas because of its superior feedback mechanism and storage space. 
Therefore, to improve the integration of online learning information resources 
and facilitate interaction between teachers and students, we designed our own 
online learning system based on the Google cloud computing platform. We 
used Google’s cloud computing platform and the Google App Engine to devel-
op a unified and open online learning platform that is capable of storing large 
amounts of data, integrating considerable amounts of learning resources, and 
storing them on cloud. Through a test, we determined that the designed online 
learning platform for sharing information resources and integrating teacher–
student exchanges is highly beneficial. The platform helps the classroom learn-
ing atmosphere become active, and has a positive effect on teaching methods.  
The proposed platform can promote further development of online learning. 

Keywords—Google Cloud Computing; open; online learning  

1 Introduction 

With the advent of the Information Age, online learning, as a new aspect of mod-
ern education, conforms to the development of the current knowledge-based society, 
thereby allowing people to create a ubiquitous learning space that does not only in-
crease the flexibility of learning arrangements, but also achieve the need for lifelong 
education [1]. However, after years of full-swing development, the following issues 
remain in the current online learning system in China: low utilization of learning 
resource developments and poor degree of sharing. The lack of cooperation among 
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universities or distance education institutions, as well as their independent integration 
of developments, results in the information island phenomenon. A large number of 
resources cannot be shared, thereby repeating production and wasting human and 
material resources. The online learning system is the support platform for online 
learning. However, current educational institutions with an online learning environ-
ment are basically based on individual development. Each site configuration of rele-
vant hardware facilities generally allows only a certain number of users to access 
them when a large number of users can visit the site simultaneously. The system can 
easily collapse, and with the increasing number of learning resources, storage space 
appears slightly stretched. Although some of the wealthy units upgrade hardware 
facilities to cope with the aforementioned situation, these hardware resources are 
wasted in most cases. In today’s knowledge-based society where resource sharing is 
crucial, the advantage of real-time contact is highly evident. Exploring and solving 
problems in online learning development for the dissemination of educational infor-
mation are essential. Therefore, this study builds a new online learning system based 
on the popular Google cloud computing platform. Experiments show that the pro-
posed platform can effectively meet the learning needs of teachers and students, and 
thus, is expected to receive their support.  

2 State of Art 

After online learning was introduced to the country, distance education in China in 
the form of radio and television has become the basis for the gradual development of 
network education as the main form of modern distance education. Tsinghua Univer-
sity, Zhejiang University, Hunan University, and Beijing University of Posts and 
Telecommunications, which are four ordinary higher-learning institutions, conducted 
pilot studies on the institution of modern distance education through a large class of 
professionals. After over 10 years of development, the Ministry of Education of China 
has approved small network education pilot schools, with tens of thousands of small-
scale learning cores and the number of students reaching several millions. In addition, 
internal staff’s training methods for online learning applications have increased rapid-
ly, with most leading enterprises in the country establishing their own online learning 
network environment. With the progress of society, traditional online learning plat-
forms demonstrate an uneven distribution of information resources and the infor-
mation island phenomenon is evident. Online learning could be achieved by using the 
current dating platform [2]. However, the shortcomings of this platform are apparent, 
given that dealing with the relationship among suppliers is difficult. In addition, 
online streaming media technology to achieve online learning was proposed [3]. 
Streaming media technology resources demonstrate sharing advantages, and thus, 
they can provide considerable benefits for online learning. However, these resources 
require a large download memory, which is a huge flaw because it results in network 
delay. Scholars are continuously developing new methods. For example, someone 
suggested building through the Hadoop cluster to achieve online learning [4]. Howev-
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er, the cluster builds more than one machine, and the requirements of each machine 
are relatively high; therefore, construction cost can be prohibitive.  

Through the “Google 101” program, Google, in cooperation with China Taiwan 
University, Taiwan Jiaotong University, and Tsinghua University in Mainland China, 
implemented a cloud computing project in early 2008. Other industry giants were 
closely following the pace of cloud computing and were soon launching their own 
cloud computing education projects, such as IBM’s “Blue Cloud” program and Ama-
zon’s “Cloud Computing Open-end Funds.” The “Hangzhou Normal University–
Microsoft IT College” was also established. In summary, these domestic and foreign 
projects for training cloud computing-related skills lay a solid foundation for both 
business and education, build a bridge to establish cooperative relationships, and 
further promote cloud computing in the field of education. Although cloud computing 
started relatively late in China, its market prospects are highly optimistic based on 
current development trends. The China Education Technology Association was held 
in Shanghai on May 16–17, 2009.As the first “cloud learning assistant teaching ad-
vanced training course” held in the country, it aims to help qualified schools master 
the theory and technology of cloud computing teaching to promote basic education 
and teaching reforms in China, thereby improving the quality of teaching in the coun-
try. 

If the cloud computing research project of Google and Tsinghua University opened 
the door to cloud computing in China, then the advanced training in cloud-based 
teaching sowed the seeds of cloud computing in the country. After this training, pri-
mary and secondary schools in the country gradually began to practice cloud-based 
teaching [5]. Universities and companies began to establish cloud computing coopera-
tion research projects for college teachers and business employees, and then for pri-
mary and secondary school teachers. This situation fully illustrates that China has 
adopted cloud technology as an educational application to promote the development 
of curriculum reform in the country and to challenge traditional education. However, 
although cloud technology was involved in the field of education in both the original 
Google 101 program or the cloud-assisted teaching training in China, it was mostly 
limited to a single-level teaching application. Therefore, in the latter part of promot-
ing cloud computing application in education, new application areas should be ex-
plored to take full advantage of the high efficiency of cloud computing [6]. Unlike 
other new technologies, cloud computing, with its low threshold advantage, requires 
the support of schools. With the cloud computing in the field of education in the ap-
plication of the gradual in-depth, and its educational support function has gradually 
been recognized, for people's attention. An in-depth analysis of the cloud education 
support function will help us develop other educational applications and fully demon-
strate the educational support function of cloud computing. 
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3 Methodology 

3.1 Concept and characteristics of online learning 

Online learning is based on network technology and multimedia technology, which 
utilize the Internet for learning and teaching activities. It makes full use of modern 
information technology to provide a convenient and efficient communication mecha-
nism and a resource-rich learning environment for information age learners, and con-
sequently, builds a new learning model [7]. This learning mode changes the teaching 
mode in which teachers 'unified teaching in all the traditional teaching and uses the 
characteristics of Internet resource sharing to address the drawbacks of limited 
knowledge sources in traditional teaching. Online learning has three characteristics; 
that is, it is networked, personalized, and tracked.  

• Networked: Through network connection, learning resources can be updated in a 
timely manner to ensure the consistency of knowledge.  

• Personalized: Students use their own networked equipment to learn according to 
their own time and learning needs and to establish their own learning progress and 
learning content. 

• Tracked: The online learning platform can record all the learning activities of 
students and provide the basis for assessing intelligent learning and learning out-
comes.  

The difference of web-based online learning from the traditional classroom learn-
ing model is evident mainly in the following aspects. Online learning makes inde-
pendent learning a reality. Learners are no longer constricted by time, place, and 
learning resources. As long as a computer is connected to the Internet, students can 
choose their learning time and learning content, and thus, self-learning becomes inevi-
table [8]. Online learning makes interactive cooperative learning a reality. Through 
the Internet, learners cannot only browse courseware, download information, and 
submit homework, but they can also use email, chat tools, forums, and other interac-
tive means to communicate with their teachers and other students. They can discuss 
knowledge learned through interactive exchanges, which helps motivate students to 
learn [9, 10]. Online learning makes individual learning a reality. In the traditional 
classroom teaching, many learners use common teaching materials and exhibit similar 
learning progress. By contrast, in the network-based online learning model, learners 
can study according to their own learning characteristics. They are free to choose the 
appropriate learning content and learn following their own approach and speed. This 
feature highlights the characteristics of an individual. Figure 1 shows the framework 
of the traditional online learning platform. 
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Fig. 1. Traditional online learning platform 

3.2 Cloud computing 

Cloud computing is a flexible and easy-to-access model. It is a configurable shared 
computing resource pool that can be minimized for network, server, and storage ap-
plications and services. Cloud computing can be quickly provisioned and released. 
The concept of cloud computing varies with different technologies, risks, attributes, 
and characteristics due to various uses and times. To business providers and the mar-
ket, cloud computing technology has brought considerable economic benefits as it 
gradually develops. Cloud can exert large-scale impact on the industrial business 
model. The cloud computing architecture provided by the National Technology and 
Standards Bureau of Information Technology is as shown in Figure 2. 

SaaS Pass Iass
 

Fig. 2. Cloud computing architecture 
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The five basic characteristics of cloud computing are summarized as follows: re-
source on-demand self-service; anytime and anywhere network access; distributed 
independent shared resource pool; fast, convenient, and flexible integration and re-
lease of resources; and measurable service effectiveness [11, 12]. Network users do 
not need to interact directly with the network service provider to ask for help with 
regard to server demand, network storage, and other computing resources. A variety 
of network clients can be available anytime, anywhere through a standard application 
and interface that can be accessed by network users who need to know the division of 
the resource pool or storage; computing, processing, storage, and network bandwidth; 
virtual machine number; and other data. Or master the resource pool of specific tech-
nology can be applied to them operation, the network provider to the pool of compu-
ting resources in the form of tenants could provide services only by the needs of the 
network consumers need to dynamically allocate or release different physical re-
sources, virtual resources. Network users can rapidly, conveniently, and flexibly inte-
grate and release resources and quantify them at all times. They can detect and control 
the use of resources, and a transparent reporting of suppliers and users is feasible to 
control and optimize the resources of a cloud system in a measurable manner. The 
cloud computing deployment model is shown in Figure 3. 

Private Cloud

!"#$%&'&$(")

Mixed cloud

Local personal hosting service Local third-party platform hosting  
Fig. 3. Cloud computing deployment model 

The three levels of cloud computing services are infrastructure, software, and plat-
form cloud services. The corresponding cloud computing delivery model is summa-
rized as follows. The infrastructure cloud service delivery model represents the net-
work, computing, and storage resources. The platform cloud service delivery model 
represents the building and deployment of cloud services in a development environ-
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ment. The software cloud service delivery model represents the individual users and 
the software application infrastructure. Cloud service is the provision of storage re-
sources, network resources, and other computing resources to network users [13]. 
Network users deploy on-demand and run their operating systems and other applica-
tions. They simply deploy operating systems on the infrastructure and select network 
elements, such as storage, firewall, and load balancing devices, without having to 
manage and control the facilities in the cloud. Infrastructure cloud services refer to the 
utilization of technical component services. Google and Amazon provide virtual ma-
chines and other infrastructure services only if the network is able to access a group of 
actual available machines, thereby saving time and costs required in an actual ma-
chine installation deployment process. Through a cloud of the service cluster or a 
cloud of a separate server cloud service virtual machine network, users can increase 
available resources on demand or release unused resources and calculate the use of 
time, bandwidth, and storage. Network users can use infrastructure cloud services to 
deploy the required applications to the cloud and build their own private cloud plat-
form, which will not only reduce the cost of technical facilities but will also run exist-
ing applications on the cloud. Figure 4 shows how cloud computing is implemented. 

Monitoring 
design

System 
Management

Configuration 
tool

User interaction port

Computing resources

 
Fig. 4. Implementation mechanism of cloud computing 
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3.3 Design of online learning system based on Google cloud computing 

The cloud platform, which has the capability to store large amounts of data and in-
tegrate a considerable amount of learning resources on the cloud, does not only pro-
vide storage, server, and network equipment, as well as infrastructure services, but 
also strong computing power, massive spatial data storage capacity and communica-
tion resources, and can even solve the problem of resource independence. The cloud 
platform has been set up in an online learning system to enable users to access all the 
learning materials stored in the cloud and practice online learning through a unified 
interface. The data of a unit can also be stored, collected, and managed through the 
cloud platform. Cloud service resources by specialized cloud platform providers are 
responsible for the operation and management of data; hence, the application layer of 
the education platform will no longer worry about server security issues. A traditional 
online learning system may consist of a few servers. By contrast, a cloud platform 
server cluster is composed of millions of servers. A traditional online learning system 
is supported only by a small number of terminal servers compared with a cloud plat-
form, which has a more robust network. 

An online learning platform requires learning and computing resources, storage 
and application systems, and a specific user interface to run a perfect operation. A 
detailed illustration of an online cloud platform to set up relevant rules and techniques 
is shown in Figure 5. In a cloud computing system, users and clients act as consum-
ers, whereas the data layer, application layer, infrastructure layer, and management 
platform layer play the roles of supporters and service providers. Students, teachers, 
and system administrators are the three types of online learning platform. The client 
assumes the media interaction function, which provides users with different interfaces 
and functions, as well as displays system content to the user according to different 
types of user equipment. The management platform layer can provide the operating 
environment for the application layer in an online learning system, and it plays a cen-
tral role in the entire cloud platform architecture. A cloud computing platform corre-
sponds to a three-tier service platform. The service layer, or the PaaS system, is a 
cloud computing system based on Google on a third-party application platform. The 
data layer is the central layer of the entire framework; it manages all types of data 
storage and is the foundation of the learning platform. The infrastructure layer deter-
mines the service capacity and the scale of the cloud platform. The corresponding 
infrastructure in the cloud computing service layer is the service, which is the basic 
layer of the entire structure. 

3.4 System function module design and system components of the effect 
display 

A detailed analysis of the demands of an online learning system shows that such 
system is divided into an interactive communication module, a learning resource 
management module, a user management module, and a test module.  
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Fig. 5. Online learning platform structure based on Google cloud computing 

• User management module: This module mainly comprises the authorization, 
registration, and audit management settings of the user to ensure that users partici-
pating in the learning process will have legitimate access and operational behavior.  

• Public information module: This module is a function module designed for in-
formation, such as website information, news information, and announcements. A 
website profile contains dynamic messages and provides service information, 
which presents a brief description of the basics of learning the website. The site of-
fers various permissions to different users. For example, students can only view, 
teachers can publish and delete messages, and the administrator can manage and 
classify information categories.  

• Resource management module: This module generally includes curriculum man-
agement and learning resource management. For example, if you wish to accom-
modate additional content, then you can make two small systems: a curriculum 
management system to enable the addition and deletion of curriculum courseware 
and a learning resource management system to add and manage course-related 
learning materials. 
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• Test module: This module provides the functions of adding, deleting, and modify-
ing test papers and determining scores. In this manner, the majority of the students 
will aim to fill in the gap, whereas the teachers will aim to understand the actual 
level of the required learning of the students.  

• Interactive communication module: This module allows students and teachers to 
communicate via e-mail, forums, and instant messaging. These means of interac-
tion are timely and convenient. 

The picture shown in Figure 6 presents an example of the interaction between 
teachers and students in a test system. 

Post a post

Reply to post

Browse posts

Delete the post

Student A Student B

 
Fig. 6. Analysis of the interaction between students 

4 Result Analysis and Discussion 

With the continuous development of cloud computing, many enterprises have 
launched a variety of cloud computing products and services. Cloud computing is 
now widely recognized, and its core technologies include the distributed file system, 
distributed computing programming model, and distributed data storage system. They 
are also behind the platform will be a strong support.  

4.1 Distributed file system 

A document system, which is a large distributed file system (Figure 7), is mainly 
used to deal with the rapid growth of cloud computing data. It has the same objectives 
as the traditional distributed file system, such as scalability, availability, and reliabil-
ity. However, its design principles and implementation ideas are based on a unique 
technical environment and application requirements, in which large data storage and 
processing are performed [13]. The system nodes are divided into three categories: 
client, main server, and data block server. A client is provided to the application of 
the access interface to the form of library files available, the application can directly 
call these library functions. The main server is a distributed file management system 
node. It is mainly responsible for managing the entire file system and saving system 
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metadata. The data block server is responsible for specific storage. Data are stored in 
the form of files, and the number of clients determines the size of the distributed file 
system. 

File 
Management

 system

BigTable

GFS Client

 
Fig. 7. File sharing system based on the Google cloud computing platform 

When a client accesses the server, he/she first accesses the master server node, ob-
tains data block server information to interact with it, and then directly accesses com-
plete data. Thus, a client directly accesses the main server to transfer data infor-
mation, and no datum is accessed between data block interaction. When interactive 
data are divided into multiple data block distributed storage, a client can simultane-
ously access multiple data block servers. This design does not only reduce the load of 
the data block server, but also the parallel processing of the input and output of the 
entire system, thereby improving overall performance. 

A file management system uses the central server model to manage the entire file 
system, thereby significantly improving system scalability. All the operations initiated 
by a client should be implemented first, and the master server should control the situa-
tion within the entire system. The addition of a new data block server should only be 
registered with the main server, and updating the information to inform each server is 
unnecessary. Consequently, the expansion and contraction of the storage block be-
comes easy [14]. A file management system applies a copy of the method to achieve 
fault tolerance. Each datum has at least three different locations on the machine. Op-
erating system problems, network interruptions, or sudden power failures interrupt the 
hard disk data storage process. The fault detection and automatic recovery features of 
the file management system will enable recovery of damaged documents, and thus, 
reliability is highly guaranteed. 

4.2 Google app engine (GAE) 

The GAE cloud computing platform for software developers, which exhibits vast 
computing power and storage space, is hosted directly by Google. It allows users to 
deploy and run applications directly on a powerful infrastructure. 
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Fig. 8. GAE structure 

The GAE architecture, which is shown in Figure 8, can be divided into three main 
parts: the front end, the data storage area, and the service group. The front part in-
cludes four modules: the front-end server, static file server, application server, and 
application management node. The front-end server can be considered a load balancer 
or a proxy server. It is mainly responsible for load balancing and forwarding the re-
quest to the application server or the static file server. The static file server is similar 
to the content distribution network; it is used to store and send pages attached to the 
static files, such as pictures, style sheets, and scripts. The application server is mainly 
used to deal with a request sent by an end user and in accordance with the request to 
call data or external services, generate a response, and return. The use of a program-
ming language is divided into different versions of the application server. The appli-
cation management node is responsible for monitoring the application load and the 
scheduling applications. The monitoring and scheduling results will be sent to the 
front-end server, and then according to the load situation on the request to achieve the 
application of scalability. 

Data storage area: The main data store of GAE is Datastore. It is a distributed stor-
age service based on Google Bigtable technology that automates scalability issues, 
such as creating backups, clustering, and load balancing data, thereby infinitely ex-
panding data storage capacity. Datastore in Bigtable is based on the realization of the 
data storage model and query function. 

The basic unit of data storage is an entity. One entity is equivalent to a record in 
the relational database table. Multiple instances of the same entity form a family, 
which is similar to multiple records in a relational database that form a table. A com-
parison between Datastore and the traditional relational database is provided in Table 
1. As shown in the table, Datastore is not optimal in terms of response speed and 
write data, among others; however, it can support massive data storage and query with 
good scalability. Web applications are mainly used to read the main, and will continue 
to produce a massive amount of data, and thus, Datastore is highly suitable for web-
type application data storage. 
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Table 1.  Comparison between Datastore and traditional database 

Content Datastore Traditional Database 
SQL support Support part of the query Complete support 
Main structure Level Relationship 
Thing Support is performed within an entity group Fully supported 
Execution speed Less than 200 ms Less than 100 ms 
Extensibility Simple Difficult 

4.3 Teaching effects 

This study validates the feasibility and effectiveness of an open online learning 
platform based on Google cloud computing. In classes A and B, two classes were 
implemented in this study teaching methods and traditional teaching methods to carry 
out C program curriculum design. After completing the courses for these two teaching 
methods, the learning situations of the students are evaluated, and the survey results 
are presented in Figure 9. 

 
Fig. 9. Results of the teaching effect 

As shown in figure 9, Class A uses the teaching method proposed in this study and 
performs better than Class B, which uses the traditional teaching method. The stu-
dents in Class A are more interested in C language programming, classroom learning 
atmosphere is more active, teacher information resource sharing is better. Curriculum 
design evaluation is also better in Class A than in Class B. After graduation, Class A 
students are more satisfied with their performance, thereby indicating that the teach-
ing method is feasible and has a positive effect on teaching. 
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5 Conclusions 

In view of the problems in the current online learning system, namely, slow re-
source sharing and limited number of resources, we first analyzed the current online 
learning situation in China. Research on the cloud computing platform to build a 
possible online learning system was becoming popular. Finally, we built our own 
cloud computing online learning platform based on the Google cloud platform. After 
design implementation and testing, the following conclusions are obtained: 

1. The use of a cloud computing platform can provide a good online learning interac-
tive system in real time. 

2. The system can provide considerable shared resource storage support. 
3. Research on cloud computing for online learning system design has great pro-

spects. 
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