
International Journal of Electronics Communication and Computer Engineering 

Volume 6, Issue 1, ISSN (Online): 2249–071X, ISSN (Print): 2278–4209 

 

 

Copyright © 2015 IJECCE, All right reserved 

146 

 

SCORM: A Solution for ICT-Based LMS Performance 

Enhancement 
 

Boby Antony 
Research Scholar, Research and Development Centre 

Bharathiar University, Coimbatore, India. 

email: boantony@gmail.com 

Dr. J. Meena kumari 
Professor & Dean, Dept. of Computer Science and Applications, 

The Oxford College of Science, Bangalore. 

email: j_meenakumari@yahoo.com 

 
Abstract: Transformation has been happening in every 

field with the help of Information and Communication 

Technology (ICT). ICT is revolutionizing every aspect of an 

education sector in this digital era. To enhance the 

sustainability of higher education it is very much required to 

integrate ICT-based tools. This study analyses the key 

features of ICT-based Learning Management Systems (LMS) 

so as to enhance the efficiency of teaching-learning process in 

higher education. This paper also proposes a SCORM 

enabled technological hybrid LMS framework as a solution 

for the challenges faced by present LMS. 
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1. INTRODUCTION 
 

Learning Management System (LMS) is an important 

tool for the development of curriculum design, manage- 

ment of students’ learning and their motivation to learn.  
LMS is also useful in the development of student 

assessment.  LMS can manage all teaching and learning 

processes of registration, scheduling, checking availability 

of content, tracking the performance of the learner and 

issuing reports about it, facilitating communication among 

teachers and learners, etc. [1].  

Learning management systems are of two types: 

proprietary systems and open-source systems. Black- 

board, Desire2Learn and e-College are examples for 

proprietary systems whereas moodle and sakai are the best 

examples for the open-source systems.  Each of the 

learning management system has got innumerable features 

such as: grades, calendar, wiki, lessons and workshop, 

chat and messages, forum, notes and resources, online 

examinations, assessment, quizzes, uploading and sharing 

notes, reporting etc. [2]. The initial versions of an LMS 

focused on organizing and managing course content and 

learners. In the initial stage all the LMS were stand-alone 

systems which support the educational and administrative 

needs of the institution. The Introduction of Web 2.0 

technologies brought about tremendous changes in the 

Learning Management Systems.  It facilitates the usage of 

wikis, blogs, RSS, 3D virtual learning etc.  It has made 

substantial changes in the student attitude from passive to 

active learners.  LMS gives access to synchronous as well 

as asynchronous learning resources and activities. The 

current LMSs are hosted in the cloud, which makes the 

institutions and companies free from installing and 

maintaining in-house systems. Many of the current LMS 

provides features like mobile learning, virtual class room, 

video conferencing etc.   

The ability to access the instructional components and 

contents from any location makes LMS user friendly and 

convenient.  The new generation LMS reduces the time 

and cost in delivering the instructional content and make it 

affordable.  They are capable of accommodating frequent 

changes happening in the technology changes without 

reworking with the entire system.It has the ability to use 

instructional components in various applications [3].   

A detailed study was conducted on the leading LMS 

available today.  The important features and parameters of 

the existing LMS are identified. It was found that the 

current LMS are not capable of meeting all the require- 

ments of current education scenario. SCORM  (Sharable 

Content Object Reference Model) enabled LMS is found 

as a solution to meet the challenges. A hybrid SCORM 

enabled LMS model proposed here is capable of meeting 

the challenges and provides a better teaching-learning 

experience. 

 

2. THEORETICAL BACKGROUND  OF SCORM 
 

SCORM (Sharable Content Object Reference Model) is 

a package of technical standards developed by the ADL 

(Advanced Distributed Learning), a research wing of 

Department of Defense in US. This relates to the develop- 

ment of common specifications and standards for techno- 

logy-based learning deployed over the internet. These 

standards enable consistency in finding, importing, 

sharing, reusing, and exporting learning content in web-

based learning and content management systems.   It also 

facilitates user tracking and generation of reports based on 

learning objectives. SCORM enabled standardization of 

the method of communication between eLearning courses 

and SCORM conformant learning and content manage-

ment systems. SCORM presently includes the following 

elements [4]:  

 An Application Programming Interface (API) to 

communicate information on interaction by learners with 

content objects. 

 A well-defined data model to represent information 

regarding user interaction with content objects. 

 A content packaging specification that enables interop-

erability of learning content 

 A standard set of metadata elements that can be 

utilized to describe learning content and a set of standard 

sequencing rules that could be applied to the organization 

of learning content 

SCORM is a set of technical standards for e-learning 

software products. SCORM facilitates programmers to wr- 
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ite code so that it can be plugged in with other e-learning 

software. It is the de facto industry standard for 

interoperability in e-learning. SCORM governs the aspect 

of communication between online learning content and 

Learning Management Systems (LMS). SCORM is purely 

a technical standard [5]. 

The SCORM package consists of three parts:  

 Content Aggregation model (CAM) 

 Run-time Environment (RTE) 

 Sequencing and Navigation (SN)  

 

 
Fig.1. SCORM Package 

 

The CAM [6] comprises regulations for identifying 

components used in a learning experience, and supports 

storage, labelling, packaging, exchanging and discovery of 

content. This model is based on the IMS Content 

Packaging Information Model [7]. A SCORM Content 

Package normally represents a course, lesson and module.  

It can also be a group of related content objects. There are 

three components such as Assets, Sharable Content 

Objects (SCOs) and Content Organizations.  These 

components are enabled by the RTE (Run-Time Environ-

ment). 

A. The Run-Time Environment (RTE): 
The SCORM RTE loads the entire content to a web 

browser.  LMS initiates this process and it requires an API 

for implementing this task. This API comprises eight 

functions using which it accesses the content and 

communicates with the LMS.  The eight base functions are 

given below: 

 Initialize() 

 Terminate() 

 GetValue() 

 SetValue() 

 Commit() 

 GetLastError() 

 GetErrorString() 

 GetDiagnostic() 

This API adapter applied by the SCORM is a java Script  

object.  The API adapter resides in the parent frame of the 

window which contains the content.  The LMS can launch 

the content in a new window or in a frameset.  The API 

adapterimplements the above mentioned eight base 

functions to complete the task.  Every communication that 

takes place between the content and the LMS are 

controlled by the adapter.  It reduces the overhead of the 

content author from searching and communicating with 

the server instead it only needs to find the API adapter and 

make the corresponding JavaScript calls.  This separation 

between the server and the client make the portability an 

easy task.  The content can communicate with the LMS 

only through this JavaScript API Adapter and no other 

way for the content to communicate with the LMS through 

any other methods like web services or HTTP requests.   

The minimum requirement for a SCORM operation is 

the call of two basic functions such as the initialize() and 

Terminate() to start and terminate an operation.  All the 

other functions are used in advance operations in the real 

time situations for higher level of interaction such as 

report test results, track time, bookmarking etc. The 

GetValue() and SetValue() functions are used for read and 

write operations using data models. The Commit() 

function is called after any values are set to ensure that the 

data is persisted. The last three functions are used for the 

error handling mechanism.   

B. The Content Aggregation Model:  
The Content Aggregation Model consists of three 

segments: 

 Content Model 

 Metadata 

 Content Packaging 

The content model handles the details of the content 

delivered. It describes the relationship among various 

modules in the content which is also known as content 

aggregation. The aggregation is designed in a tree 

structure.  It also describes the physical structure of the 

files or the content.  This model breaks the content into 

arbitrarily sized units which enablesreusability an easy 

task. These basic units are known as SCOs (sharable 

content objects) and assets (the basic units).  An Asset is 

an “electronic representation of media, text, images, 

sound, web pages, assessment objects or other pieces of 

data”. Examples of Assets include images, sound clips, 
Flash movies, etc. A SCO is a collection of one or more 

assets that represents a logical unit of learning [8]. 

The Metadata section offers tools to define the content 

by means of a pre-defined and public vocabulary. The 

associated metadata describes any part of the SCORM.   

The Content Packaging section describes the ways and 

means by which the Content Model and Metadata are 

executed. An XML format data structure is used in both 

the sections. An XML file named “imsmanifest.xml” 
contains the details of the entire course.  The entire content 

is packaged in a similar manner to make the system 

interoperable and reusable. The Content Packaging 

specification needs all content to be moved in a folder or a 

ZIP file termed as a “package interchange file (PIF)”. The 
“imsmanifest.xml” must be placed at the root of the PIF. 
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Package Interchange File (PIF) 

Manifest File (imsmanifest.xml) 

Physical Files 

SCO SCO SCO 

asset asset asset asset asset asset 

asset asset asset asset asset asset 

Fig.2. SCORM: Package Interchange Format 

 

C. The Sequencing and Navigation Specification: 

The Sequencing and Navigation specification manages 

the navigation between SCOs. An SCO which says 

nothing about the ways to handle the navigation inside of 

an SCO is not at all applicable to SCORM courses.  It is 

totally left to the decision of the content developer.  The 

sequencing specification is essential to permit developers 

of content chunked into SCOs to govern the user 

experience. In the process of sequencing, the aggregations 

and SCOs are referred to by the generic term “activities”. 
Content authors specify sequencing rules through XML in 

the course’s manifest.  
Sequencing functions on a “tracking model” which 

strictly parallels a subset of the data model elements 

exchanged between the content and the LMS at run-time. 

When a SCO exits, the run-time data for the current SCO 

is transferred over to the sequencing tracking data. The 

LMS then invokes the “sequencing loop” which is a set of 
well-defined algorithms that apply the sequencing rules to 

the current set of tracking data to determine which activity 

should be delivered next” [9]. 

 

3. HYBRID TECHNOLOGY FRAMEWORK 
 

SCORM enabled hybrid technology framework has 

been designed to overcome the limitations of existing 

LMS models.  The framework is designed at both macro 

and micro levels addressing the LMS gap identified with 

the above concepts as a base Sampling Procedure 

A. LMS Technology Framework: Macro Level: 
The macro framework is designed such that it 

establishes a communication between the client side 

content and host system called the run-time environment, 

which is supported by an LMS. Here the SCORM package 

defines and controls how teaching content may be 

packaged into a transferable ZIP file called ‘Package 
Interchange Format’ (PIF).  Figure 3 shows the macro 
level LMS technology framework. 

 

 
Fig.3. LMS Macro Framework 

The teaching content may be of different formats such 

as lessons or courses with text, image, audio, video etc.  

and should be made available as an online eLearning 

content.  It is also required for the instructor to track the 

progress of the learners, their score, mistakes usually made 

by them etc. This framework facilitates the instructor in 

achieving this task as follows:   

 Packaging teaching contents in a SCORM-compliant 

zip file called Package Interchange Format (PIF) 

 The LMS enables content sharing and tracking of the 

learner by uploading this PIF file 
 

4. SCORM ENABLED HYBRID FRAMEWORK 
 

The macro level framework specified above can be 

elaborated further with component details. It has three 

layers namely database layer which is the base layer, 

business layer which is at the middle level, and client 

interface or the front end which forms the top layer.  The 

limitations of existing LMS models identified through 

literature review and data analysis are addressed in this 

model. This framework has three parts, namely the 

database part containing the repository and teaching 

contents, LMS part which incorporates all the user 

requirements and modern features, and SCORM part 

which makes the LMS to be SCORM compliant or 

SCORM compatible 

A. LMS Challenges and the Hybrid Framework: 
The new SCORM enabled hybrid frameworkshown  in  

Figure - 4 is capable of addressing most of the challenges 

that the current LMS systems. It is evident from data 

analysis that an implementation gap exists in LMS 

systems.  The major gaps were identified in the following 

aspects: 

 Interoperability 

 Accessibility 

 Adaptability 

 Reusability 

 Durability 

 Affordability 

Integrating SCORM into the LMS system will provide a 

solution for many of the above mentioned challenges 

especially in terms of interoperability, accessibility and 

reusability. 

1) Interoperability: 
The principal advantage of SCORM enabled hybrid 

LMS model is interoperability. Whenever an institution 

produces e-learning content, the clients will definitely 

demand to share it to an LMS. Similarly, when an 

organization creates an LMS, invariably the clients will 

want to import learning content from a variety of sources 

into that LMS. This SCORM enabled hybrid LMS permits 

this incorporation to happen seamlessly.  With a normal 

LMS, integrating with other vendors is a time-consuming 

and costly process. Thus the SCORM enabled hybrid LMS 

will make the institution more competent and lessen the 

support liability. 

SCORM is considered as the de facto industry standard 

for interoperability in e-learning tools or LMS. SCORM c- 
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conformance is a mandate in the e-learning space in order 

to make it interoperable. The learning contents which can 

play only in one place or platform has limited audience. 

Simultaneously an LMS that can play content particularly 

designed for that LMS also doesn’t have much impact.  
Various tools integrated with this hybrid LMS enables the 

user to create Content that can be played ‘anywhere’.  This 

interoperability feature will definitely make this LMS 

more appealing to the customers. 

2) Reusability: 
Reusability is the mantra of the software engineering 

industry today. Maximizing the reusability feature will 

definitely minimize the cost and time. This principle is 

applicable in LMSs and e-content too. One of the greatest 

objectives and advantages of SCORM enabled hybrid 

LMS is that the instructional content, tools and applicat- 

ions once generated can be reused.  This improves the 

quality, saves time and reduces the cost.   

SCORM explicitly addresses the capacity to produce 

this large repository of learning contents.  These learning 

contents should be small discrete chunks in order to make 

an automated system to be able to aggregate a customer 

tailored course. It should behave in a standard manner, and 

to be assembled in sequence. The training components are 

called SCOs. They have a common packaging scheme, 

common run-time behaviour; they are described by 

metadata and are put together in sequenced packages. 

Various tools and applications integrated with the system 

can also be reused along with the content.  

3) Accessibility: 
Accessibility is the ability to locate and access 

instructional components from one remote location and 

deliver them to many other locations using a variety of 

devices working on various platforms. SCORM certainly 

does enable accessibility. This hybrid LMS is designed in 

such a way that it can meet almost all the accessibility 

standards.  It is compatible with all the major browsers and  

accessible to the modern handheld devices such as tablets 

and smartphones. It functions as an application which 

facilitates online and offline mode of operations.  SCORM 

courses are all packaged in a way that makes them easily 

portable across systems. A SCORM course can be 

delivered from any location without reconfiguration or 

complex installation. SCORM provides the technical 

framework for remote content to be catalogued 

anddiscovered. 

4) Adaptability: 
Adaptability is the capability to shape instruction to 

individual and organizational needs. The modular structure 

of the hybrid LMS makes it possible to adapt and integrate 

any changes at any time without affecting the total 

structure.  SCORM facilitates adaptability in two ways. It 

allows content authors to manually mix and match SCOs 

to produce distinctive training programs for diverse 

groups. It similarly permits them to compose sequencing 

rules that adapt the instructional content as the learner 

progresses based on the learner’s input and mastery. 
5) Affordability: 

Affordability is the capability to enhance the efficiency 

 
Fig.4. LMS SCORM Framework 

 

and productivity by reducing the time and costs involved 

in delivering instruction. SCORM has certainly reduced 

the costs of integrating content into LMS. The SCORM 

enabled hybrid LMS will certainly reduce the total cost 

because it can act as a single solution which  addresses the 

entire ICT enabled requirements of an institution such as 

LMS, institution website, student management, staff man- 
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agement, communication tool, etc.  

6) Durability: 
Durability is the ability to withstand technology 

evolution and changes without costly redesign, reconfigur- 

ation or recoding. The SCORM hybrid LMS can withstand 

the frequent changes in the software and hardware 

industry. SCORM has done a remarkable job of using 

established, mainstream technologies that will be widely 

supported and available for a long time. 

B. SCORM Enabled LMS: Macro Level: 
A SCORM enabled LMS framework is built to address 

the challenges existing in the present ICT enabled 

teaching-learning process. This frame work addresses all 

the ICT requirements of an education institution under a 

single umbrella. The basic functionality of the package is 

to enhance the quality of teaching-learning process.  It also  

caters other ICT requirements like online tests, staff 

evaluation, attendance, student management, staff manag-

ement, parent-teacher interaction, institution website, 

various apps for teachers and students, integrations with 

social media, etc. under a single login.  A macro level 

framework of the hybrid LMS implementation model is 

given in figure 5. 

 
 

Fig.5. SCORM Enabled LMS Framework:  Macro Level 
 

C. SCORM Enabled LMS: Micro Level: 
Figure 5 gave the micro level implementation diagram 

of the proposed framework.  The SCORM package is the 

central point of the LMS system. 

 

 

Fig.5. SCORM Enabled LMS Framework:  Macro Level 
 

5. CONCLUSION 
 

The essential features of ICT based LMS systems were 

found and the implementation gap is identified.It is very 

evident that none of these parameters are completely 

addressed in the present LMS system. Enhancement of 

each parameter improves the total performance of the 

LMS system. A comparative study of various LMS 

systems pertaining to these parameters also shows the 

implementation gap of the essential LMS parameters such 

as interoperability, accessibility, adaptability, durability, 

reusability and affordability. The proposed hybrid LMS 

model would be an answer to these challenges and 

implementation of the same will definitely enhance the 

teaching-learning process. 
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