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ABSTRACT 

To reduce the effort of developing learning content in 
e-learning, many organizations spend a great deal of 
time and effort creating e-learning standards to 
facilitate sharing, reusability, and interoperability of 
the learning content. Among these standards, Sharable 
Content Object Reference Model (SCORM), which is 
proposed by Advanced Distributed Learning (ADL), is 
currently the most popular standard. However, the 
SCORM-compatible learning management system 
(LMS) is based on server/client architecture. The LMS 
server may need to support a large number of the 
learners’ access concurrently. In this situation, if the 
server can not support the load, the learning quality is 
reduced and the learner’s learning desire is negatively 
affected. This paper proposes a SCORM-compatible 
LMS based on the Peer to Peer (P2P) infrastructure. 
The proposed P2P based LMS can enhance the 
scalability and the quality of service, improve the 
sharing efficiency of the learning contents , and 
effectively balance the loading of server/client demand 
thereby reducing the need for cost and development of 
large-scale servers. 
 
 
1: INTRODUCTION 

 
With the rapid development of Internet, e-learning 

notion is proposed to provide online learning content for 
learners through the coordinated use of computer 
software, hardware and Internet [1]. The learning 
content is made up of digital learning resources, which 
can be text files, audio files, and so on.[5]. To reduce 
the effort of developing new learning content, many 
organizations spend a great deal of effort to develop 
e-learning standards to facilitate sharing, reusability, and 
interoperability of the learning content [2][3][4][5]. 
Among these standards, Sharable Content Object 
Reference Model (SCORM) [5], which is proposed by 
Advanced Distributed Learning (ADL), is currently the 
most popular standard. Since SCORM refers to other 
standards, it completely covers the specification of 
learning content, course organization and the learning 
management system (LMS). 

A SCORM-compatible LMS is based on a 
server/client architecture. In the e-learning environment, 
the client refers to the learner, the server is the LMS 
which may need to support a large number of learners’ 
access concurrently. In this situation, if the server can 

not support the load, the quality of the learning 
environment is reduced and the learner’s learning 
desire is negatively affected. Hence, this paper 
proposes a SCORM-compatible LMS based on the Peer 
to Peer (P2P) infrastructure. In this paper, a currently 
very popular P2P application, BitTorrent [6][7][8][9], is 
used to distribute the learning content to a large number 
of learners. The features of the proposed LMS based on 
P2P infrastructure are as follows: (1) A 
SCORM-compatible scalable LMS is provided. (2) 
Since the transferring task of learning content are 
distributed over more than one of the learners instead of 
a central LMS, the transferring speed of learning content 
is improved. (3) The reading learning content is 
downloaded and saved in learner site by P2P technology 
in advance. Hence, the reading performance of learning 
content is independent of the network bandwidth. (4) 
The file size of the learning content affects the delivery 
time of the learning content, such as a multimedia file 
which size can be more than 100 M byte to 1 G byte per 
file. In the proposed LMS, since the delivery time of the 
learning content is independent of the network 
bandwidth, the file type of learning content can be 
developed vary diversely. 

The rest of this paper is organized as follows: 
Section 2 briefly reviews the SCORM specification and 
BitTorrent P2P application. Section 3 presents the 
architecture of the SCORM-compatible LMS based on 
the P2P infrastructure in detail. Section 4 demonstrates 
the experiment results. Finally, Section 5 provides a 
conclusion and outlines future works. 

 
2: RELATED WORK 

 
SCORM is currently the most popular standard, 

which specifications contain three parts [5]: (1) Content 
Aggregation Model (CAM) defines the form of the 
learning content, course organization and metadata. (2) 
Sequencing and Navigation (SN) is for assigning the 
presentation sequence and rule of learning contents and 
navigating learning content for learners. The assigning 
of SCORM SN bases on instructors’ teaching 
experience and/or learning strategies. (3) Run-Time 
Environment (RTE) presents the communication 
mechanism between LMS and learners. 

In the subsequent sections, SCORM-compatible 
LMS and the BitTorrent P2P application are briefly 
reviewed. 
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Figure 1. The SCORM-compatible LMS 
 

 
2.1: SCORM-COMPATIBLE LMS 

 
Figure 1 illustrates an original SCORM-compatible 
LMS, whose components include; (1) API Instance: 
Provides communication functions between the learner 
and the LMS. (2) Tracking Service: Acquires the 
interaction information between the LMS and the 
learner. (3) Learner Profile Service: Records the 
personal information of the learners. (4) Course 
Administration Service: Provides a means for an 
instructor to edit and manage the courses. (5) 
Testing/Assessment Service: It is responsible for 
providing and managing the tests/assessments for the 
Sequencing Service. (6) Sequencing Service: Reads the 
sequencing rules and then determines appropriate 
learning content according to the learner’s status and the 
sequencing rules. After the appropriate learning content 
is determined, the Sequencing Service notifies the 
Content Management Service and the Delivery Service 
of the determined learning content. (7) Content 
Management Service: Responsible for managing the 
available learning content. (8) Delivery Service: 
Delivers the learning content determined by the 
Sequencing Service to the Presentation Browser. 

As depicted in Figure 1, since the 
SCORM-compatible LMS is based on server/client 
architecture, the LMS has a potential capability problem 
to support a large number of the learners’ access 
concurrently. 

 
2.2: BITTORRENT 
 

In this paper, a P2P application, BitTorrent 
[6][7][8][9], is used to develop the SCORM-compatible 
LMS based on P2P infrastructure. The reasons of 
choosing BitTorrent are (1) In BitTorrent, a tracker 
server is used to maintain the status of the peers and 
distribution content instead of the server, but does not 
actually deliver distribution content; (2) Multiple 
trackers are used to avoid being dropped from the P2P 
infrastructure when a tracker has a breakdown; (3) The 
concept of the Distributed Hash Table (DHT) is used to 

search the demanded distribution content, when all of 
tracker servers have a breakdown; (4) BitTorrent is 
developed in the JAVA language environment and 
conforms with a SCORM-compatible LMS.  

BitTorrent is composed of three parts: (1) Tracker: It 
does not involve the actual content to be distributed, 
instead, it keeps meta-information about the peers that 
are currently active; (2) Seed: A peer that has completely 
acquired distribution content and continue to serve other 
peers; (3) Peer: A member of the currently active peer 
community. In BitTorrent, each distribution content is 
attached a torrent file that records the Tracker’s location. 
A peer can acquire the torrent file of the demanded 
distribution content and then communicate with the 
Tracker. Then, the Tracker provides the peer with a list 
of other peers and seeds. The list records which other 
peers and seeds keep the demanded distribution content. 
The peer then communicates with other peers and seeds 
in the list to receive the demanded distribution content. 

 
3: SYSTEM ARCHITECTURE 

 
To reduce the loading of the LMS, a 

SCORM-compatible LMS based on P2P infrastructure 
is proposed. Figure 2 illustrates the system architecture 
of the proposed P2P based LMS, whose components are 
divided into two parts: the SCORM-compatible LMS 
and the learner sites. 

 
The Components in the SCORM-Compatible LMS 
 

As depicted in Figure 2, in addition to the original 
components in the SCORM-compatible LMS shown in 
Figure 1 , the Content Test Service is added to the 
SCORM-compatible LMS. In addition, the function of 
the Delivery Service in the original SCORM-compatible 
LMS is modified. We illustrate the added Content Test 
Service and the modified Delivery Service as follows: 

 
(1) Content Test Service: Its functions include (i) 

Testing whether the required course and learning 
content exist in the Local Content Repository or 
not.  
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Figure 2. SCORM-compatible LMS on P2P infrastructure 
 

(ii) Testing the version of the course and the 
learning content in the Local Content Repository. 
If the required course does not exist in the Local 
Content Repository or the version of the required 
course is not the latest version, the latest version of 
the course and learning content are updated instead 
of the old version via the Azureus P2P transmission 
system [10] that we will illustrate it later. If the 
required course exists in the Local Content 
Repository already and the version of the required 
course is the latest version, the learner can 
immediately access the required learning content 
from the Presentation Browser. (iii) Providing a 
waiting web page to notify the learner to wait when 
the required learning content does not exist in the 
Local Content Repository or is downloaded 
incompletely. 

(2) Delivery Service: The modified Delivery Service is 
responsible for delivering the path of the required 
learning content to the Presentation Browser. Then, 
the required learning content is accessed by the 
Presentation Browser for use by the learner. 

 
The Components in the Learner Site 
 

As Figure 2 depicted, the components in the learner 
site include the Local Content Repository, the 
Presentation Browser and the Local Content 
Management Service. We present these components as 
follows: 
 
(1) Local Content Repository: Stores the courses and 

the learning contents that are downloaded from 
other learners and can be shared with other 
learners. 

(2) Presentation Browser: Receives the path of the 
required learning content from the Delivery 

Service, and then presents the required learning 
content that is accessed from the Local Content 
Repository. If the required learning content does 
not exist in the Local Content Repository or is 
downloaded incompletely, a waiting web page is 
provided by the Content Test Service to notify the 
leaner to wait. 

(3) Local Content Management Service: It is 
composed of Azureus P2P Transmission System, 
Personal Learning Content Management and 
LMS-Learner P2P Communication Interface as 
shown in Figure 3. 
(i) Azureus P2P Transmission System: 
Responsible for uploading and downloading the 
required learning content and courses. 
(ii) Personal Learning Content Management: 
Provides the learner a means by which to (a) 
Manage the learning contents and courses in the 
Local Content Repository and (b) view the 
download progress of the required learning content 
and courses. 

 
Figure 3. The components of the Content 

Management Service in learner site  
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Figure 4. The procedure of the proposed LMS 

 
(iii) LMS-Learner P2P Communication Interface: 
Tells the Content Test Service whether or not the 
required learning contents and course exists in the 
Local Content Repository.  

 
Figure 4 illustrates the procedure of the proposed 

LMS based on P2P infrastructure. The steps of the 
procedure are described as follows: 

 
Step1. A learner delivers the query to the LMS through 

the API Instance, where the query contains the 
learner’s personal information and current 
learning status. 

Step2. The API Instance receives the query from the 
learner site and then delivers the query to the 
Tracking Service. 

Step3. The Tracking Service delivers the query to the 
Sequencing Service and the Content Management 
Service, respectively. 

Step4. The Sequencing Service and the Content 
Management Service determine an appropriate 
learning content according to the Sequencing 
rules and the learner’s learning state. 

 
The aforementioned Step1 to Step4 are the same as 

the procedure of the original SCORM-compatible LMS. 
 

Step5. The Sequencing Service and the Content 
Management Service notify the Content Test 
Service of the appropriate learning content.  

Step6. The Content Test Service inquires the 
LMS-Learner P2P Communication Interface 

whether or not the appropriate learning content 
exists in the Local Content Repository. 

Step7. The LMS-Learner P2P Communication Interface 
replies to the Content Test Service whether or not 
the appropriate learning content exists in the 
Local Content Repository. If the appropriate 
learning content exists, Step8 to Step12 are 
omitted. 

Step8. Since the appropriate learning content does not 
exist in the Local Content Repository, the Content 
Test Service starts the Azureus P2P Transmission 
system. 

Step9. The Azureus P2P Transmission system queries 
the Tracker to acquire the learner list. The learner 
list records which learners have the appropriate 
learning content. 

Step10. After the Tracker responds to the Azureus P2P 
Transmission system, the Azureus P2P 
Transmission system communicates with the 
learners in the learner list and downloads the 
appropriate learning content from them. 

Step11. While downloading the appropriate learning 
content, the Content Test Service repeatedly 
queries the LMS-Learner P2P Communication 
Interface as to whether or not the appropriate 
learning content is downloaded completely. If 
the result is negative, the Content Test Service 
provides a waiting web page to notify the 
learner that a waiting period is required. 

Step12. If the appropriate learning content is 
downloaded completely, the LMS-Learner P2P 
Communication Interface replies the Content 
Test Service that the appropriate learning 
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content is ready. 
Step13. The Content Test Service notifies the Delivery 

Service to deliver the path of the appropriate 
learning content. 

Step14. The Presentation Browser receives the path of 
the appropriate learning content from the 
Delivery Service. 

Step15. The Presentation Browser accesses the 
appropriate learning content from the Local 
Content Repository. 

Step16. The Presentation Browser presents the 
appropriate learning content that is accessed 
from the Local Content Repository. 

 
The aforementioned Step5 to Step15 are different 

with the procedure of the original SCORM-compatible 
LMS. 

 
The features of the proposed LMS are as follows:  
 

(1) SCORM-compatible LMS is provided with 
scalability: Since the original SCORM-compatible 
LMS is based on server/client architecture, the task 
of transferring the learning content is centralized in 
the LMS. While, the proposed LMS is based on 
P2P infrastructure. Since the job of transferring the 
learning contents is spread to other learners, the 
loading of the LMS is independent of the number of 
learners accessing the system. Hence, the scalability 
of the SCORM-compatible LMS is enhanced. 

(2) Speed of transferring asynchronous learning content 
is improved in the learner site: Since the sources of 
transferring learning content are distributed over 
more than one of the learners instead of a central 
LMS, the speed of transferring learning content is 
improved. 

(3) Performance of reading asynchronous learning 
content is independent of the network bandwidth: In 
the original SCORM-compatible LMS, the learning 
content transfer rate depends on network bandwidth. 
In this situation, if the network is unstable, the 
quality of the learning environment is reduced and 
learner’s learning desire is negatively affected. 
While, in the proposed LMS, the learning content is 
downloaded and saved in the Local Content 
Repository by P2P infrastructure in advance. Hence, 
the performance of reading asynchronous learning 
content is independent of the network bandwidth. 
As a result, the quality of the learning environment 
is improved. 

(4) Learning content can be developed diversely in a 
greater range of file types and file sizes: In the 
original SCORM-compatible LMS, the delivery 
speed of the learning content depends on the 
network bandwidth. Hence, to reduce the delivery 
time of the learning content and avoid affecting 
learner’s learning desire, a large number of 
instructors select the learning content with small 
file size in during development. By imposing such 
size restrictions the learning content is frequently 

limited to text files or simple graphs. In the 
proposed P2P based LMS, since the performance of 
reading asynchronous learning content is 
independent of the network bandwidth, the 
development of learning content can vary diversely 
as across a range of multimedia that can be more 
than 100 M byte to 1 G byte per file. 

 
The proposed LMS is modified from the original 

SCORM-compatible LMS. The specification of the 
course organization, sequencing rules and navigation of 
learning content, and communication mechanism 
between the LMS and the learner confirm to the 
SCORM CAM, SN and RTE. That is, the proposed 
LMS is SCORM-compatible. 
 
4: EXPERIMENTAL RESULTS 

 
For comparing the performance of the original 

SCORM-compatible LMS based on server/client 
architecture and the proposed LMS based on P2P 
infrastructure, this section presents the experiment results. 
The experiment parameters are described as follows: 

 
 A desktop personal computer (PC) for a 
SCORM-compatible LMS 
 10 desktop PCs for 10 learners 
 100Mbps upload and download bandwidth 

 
The specifications of the desktop PCs are the same. 

Each are Intel CPU 3.00G, 512M Memory running 
Windows XP. The course to be transmitted is saved the 
LMS at the start of the experiment. 

Figure 5 shows the performance comparison between 
the original SCORM-compatible LMS based on 
Server/Client architecture and the proposed LMS based 
on P2P infrastructure. In Figure 5, the size of the 
transmission course is 700M, 1400M and 2100M bytes 
respectively. The data presented in Figure 5 clearly 
demonstrates that the average transmission time of the 
proposed LMS based on the P2P infrastructure is much 
shorter than the original SCORM-compatible LMS based 
on the Server/Client.  

 

0

1000

2000

3000

700M 1400M 2100M

The size of the downloading course
(Bytes)

A
ve

ra
ge

 ti
m

e
(S

ec
on

ds
)

P2P Server/Client

 
Figure 5. The performance comparison between the 

original SCORM-compatible LMS based on 
Server/Client and the proposed LMS based on P2P 

infrastructure 
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Figure 6 shows a comparison of the average 
transmission time when the size of the transmission 
course is 700M bytes for the proposed system and the 
client/server system. In Figure 6, the number of the 
downloading learners is two, four, six, eight and ten 
respectively. Figure 6 illustrates that the average 
transmission time of the proposed P2P based LMS is 
independent of the number of the downloading learners. 
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Figure 6. The average transmission time of when the 
size of the transmission course is 700M bytes 

 
5: CONCLUSION AND FUTURE WORK 

 
This paper proposes a SCORM-compatible LMS 

based on P2P infrastructure to enhance the scalability 
and the quality of service, and share efficiently the 
learning resources. The experimental results indicate that 
the proposed LMS based on P2P infrastructure can 
efficiently balance the loading of the LMS. 

In the future, we will consider how to apply the 
proposed LMS based on P2P infrastructure into the 
adaptive learning management system. 
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