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Abstract: Collaborative e-learning has a set of characteristics which requires interaction and negotiation

among learners and teachers.  It also needs support to achieve high-level requirements for learning content 

and systems such as accessibility, reusability, interoperability and adaptability. The focus of this paper is to 

investigate three commonly used standards in e-learning which are: SCORM, IMS-LD, IEEE and LOM to 

enhance the characteristics of collaborative e-learning in relation to the features of these standards. Due 

the lack of collaboration features in these standards, this paper highlights Service-Oriented Architecture 

(SOA) features to fulfill the collaborative e-learning requirements.  

Keywords: Collaborative e-learning characteristics, e-learning standards, SOA.

1. Introduction

Collaborative e-learning is not simply a word called “collaborative” attached to the e-learning 

environment phenomena. It is much more than that. Collaborative e-learning environments can be 

described as a context where the computer or information technology facilitates interaction among learners 

for acquisition or sharing of knowledge [1] and accessing e-learning content from different systems [2]. 

Educators and researchers are striving to find mechanisms and tools to adapt this context in the learning 

process. Consequently, issues related to sharing and the ability to integrate with other components [3] like 

other  e-learning systems or web 2.0 tools emanated. 

Since collaborative e-learning is a style of e-learning environments, it requires standardization 

techniques to be able to fit in the web-based world. Up to now, there are over 40 standards and 

specifications proposed by more than a dozen international organizations [4] addressing the e-learning 

standardization issues. Therefore, the question is which standard or specification best addresses

collaborative e-learning characteristics. This study aims to investigate how well the existing standards can 

effectively fit with the features of collaborative e-learning. It also provides recommendations for the

selections. To limit the scope of the study, this paper is focusing on three commonly used standards in the 

field of e-learning. 

The paper will start by giving an overview of collaborative e-learning environments and their 

characteristics in Section 2. Then, in Section 3, a discussion ensues about standardization in e-learning 

focusing on three commonly used standards (SCORM, IMS-LD, IEEE LOM) followed by a mechanism to 

mailto:p010844@s


 
 

 

 

 

 

 

 

 

 

 

871 Volume 11, Number 9, September 2016

Journal of Software

 
 

match the features of these standards in relation to the characteristics of collaborative e-learning. The 

paper will present an overview of SOA usage for collaborative e-learning as a recommendation in Section 4. 

Related work in the field of using SOA for e-learning is giving in Section 5. After that, Section 6 will present a 

methodology for SOA implementation for collaborative e-learning.  The paper will be concluded in Section 7. 

2. Collaborative e-Learning 

According to [5], collaborative learning could be described as “a variety of educational practices in which 

interactions among peers constitute the most important factor in learning, although without excluding 

other factors, such as the learning material and interactions with teachers”. In lifelong education, 

collaborative learning is a key paradigm in informal learning (e.g. sharing knowledge among communities 

of practices), but has been somewhat underutilized in corporate training. 

Collaborative learning focuses on providing a shared workplace for students to interact and learn through 

cooperation [6]. The interaction could be formed in many ways like: interactions with members of the 

groups they are assigned to (assigned group); interactions with members of the larger community that is 

the class (class group); and by interactions with peers from the discipline’s community (discipline 

community) [7].  

The main characteristics of collaborative e-learning, as suggested by [7] are: 

 Active Learning: Learners participating in a constructive and iterative process of interaction and 

negotiation in a problem-solving task. This interaction requires learners to create, access, share and 

reuse learning contents, or even gathering them from different sources [8]. In addition, for sharing 

knowledge and resources, the interoperability feature is required. 

 Group Participation: Groups of two or more learners socially interacting and collaborating through 

asking questions, justifying opinions, listening to others, and through negotiation, reaching a 

consensual answer.  

 Role of the Instructor: The instructor provides a task to be completed, and offers qualified guidance 

when required. Basically, the instructor plays the role of facilitating the learning process and 

comments on the progress of the learners who are generating their knowledge and learning contents.  

 Learner Diversity: Diversity in a group (because of learner’s background), allows learners to draw 

different perspectives on task-related information, drawing richer interpretations and devising more 

complex solutions. This diversity is classified in two terms which are demographic (surface-level 

diversity) and learning styles, experiences and knowledge (deep-level diversity). Although the 

nature of collaborative-learning is based on group learning, the characteristics of a group of learners 

should be modeled and adapted based on the individuals (personalization), in relation to the 

assessment of shared knowledge which might determine the group dynamics [9].  

 Learner Relationships: Relationships are expanded from instructor-to-learner, to include learner-to-

learner, and learner-to-instructor relationships, where learning is multidirectional. 

 Social interaction: collaborative e-learning is a social interaction between peers and teachers to 

facilitate knowledge sharing and discussions. This interaction could be either in a synchronous or 

asynchronous mood.  

In order to fulfill the above identified characteristics, it is very important to select the appropriate 

standards and specifications to be adapted when developing collaborative e-learning environments. Aiming 

to address this issue, the following section will give detailed information about three common standards 

which are dealing with high-level requirements for learning content and systems. These standards are 

SCORM, IMS-LD, and IEEE LOM. The information will also include a discussion of a matching mechanism 

between the features of these standards in relation to the characteristics of collaborative e-learning. 
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3. Standardization  

According to ISO, a standard is a document that provides requirements, specifications, guidelines or 

characteristics that can be used consistently to ensure that materials, products, processes and services are 

fit for their purpose. The concept of a standard in e-learning is developed to provide fixed structures and 

communication protocols for e-learning objects. This enables interoperability between applications, by 

providing uniform communication guidelines that can be used throughout the design, development, and 

delivery of learning objects [10].  

In general, e-learning standardization is concerned with the solution of two key problems: 

interoperability and reusability. Interoperability concerns the ability to work together and to communicate, 

and reusability concerns the possibility of exploiting a resource repeatedly in different systems [4]. 

In short, the use of standards promotes interoperability, reusability, accessibility and durability 

requirements, which are the major aspects to consider when designing adaptive and collaborative e-

learning system. Standardization is meant to support individuals, groups, or organizations, and to enable 

reusing their contents transparently without any manual intervention when migrating from one platform to 

another [11].  

2.1.     E-Learning Standards 

There are over 40 standards and specifications proposed by more than a dozen international 

organizations [4]. However, this study shortens the investigation to three main standards, as will be 

discussed later.  

In this section, we will briefly discuss three existing e-learning standards to check their ability to provide 

collaboration features. Those standards are SCORM, IMS-LD and IEEE LOM).   

2.1.1.  Scorm 

SCORM (Shareable Content Object Reference Model) is one of the most commonly used standards in the 

web-based e-learning field. It is proposed by the Advanced Distributed Learning (ADL) organization. As 

ADL stated, SCORM is “a model that references a set of interrelated technical standards, specifications, and 

guidelines designed to meet high-level requirements for learning content and systems”. This technical 

standard consists of three main related documents which are:  

1) Content Aggregation Model (CAM): This document presents a model for learning objects aiming to 

support adaptive instruction based on factors, such as: learner objectives, preferences, performance 

and instructional techniques [12].  

2) The Content Aggregation Model describes how the course content should be packaged, deployed, 

and delivered via any SCORM conformant compatible with a learning management system (LMS) 

[13]. The basic units in the Content Aggregation Model are Sharable Content Objects (SCOs) and 

Content Packages that are used to bundle content.  

a) SCOs: Contain all contents for a set unit of instruction called “assets”. The contents can be 

images, text, video or any other electronic media. The SCO might also include data related to 

learner progress, position in the particular unit of instruction, or other data related to the SCO 

[14].  

3) Run-time Environment (RTE): The run-time specification also supports the adaptation of 

instructions via learning objects using learning objectives, preferences, performance and other 

techniques. In short, it controls the way Learning Management System (LMS) launches learning 

content and the communication process between the sharable content objects (SCOs) and LMS [13].  

4) Sequencing and Navigation (SN): This model is basically for the dynamic presentation of learning 

content based on learner needs [12]. It defines the ability of a learner to navigate between two 
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learning objects, as well as the sequence in which those learning objects are experienced by the 

learner. This specification promotes reusability and interoperability of learning content across LMS 

[13]. 

As mentioned above, the aim of this standard is to meet high-level requirements for learning content and 

systems. Those requirements as per ADL 2004 are as follow: 

 Accessibility: The ability to locate and access instructional components from more than one remote 

location and deliver them to other locations.  

 Adaptability: The ability to tailor/adapt instruction to individual and organizational needs.  

 Affordability: The ability to reduce the time and costs required in delivering instruction for the 

purpose of increasing efficiency and productivity.  

 Durability: The ability to upgrade technology evolution without the need to redesign, reconfiguration 

or recode.  

 Interoperability: The ability to use instructional components developed in one location with one set 

of tools or platform, and use them in another location with a different set of tools or platform.  

 Reusability: The flexibility to incorporate instructional components in multiple applications and 

contexts. 

A summary of the SCORM specifications and the requirements is shown in Fig. 1. 

 
Fig. 1. SCORM specifications. 

A. SCORM Features 

 Able to support  high-level requirements for learning (Accessibility, Adaptability, Affordability, 

Durability, Interoperability,  Reusability)  

 Provides a reference interaction model between learners and learning contents.  

 Permits the sharing of learning objects between institutions [15]. 

  Reusability of learning objects in several learning activities [15].  

 Able to track an individual’s progress through a learning activity. 

 Provides a mechanism for sequencing an individual’s learning activities. 

B. SCORM Limitations 

 Unable to provide individual learners with any information about other learners who are engaged 

in the same learning activity 

 Doesn’t capture the entire picture of e-learning. 

 SCORM specifications are limited to a single learner mindset. 

2.1.2.  IMS-Ld 

IMS-LD (INSTRUCTIONAL MANAGEMENT SYSTEMS-LEARNING DESIGN) is a standard that was 

developed by the Open University of the Netherlands. IMS-LD is a meta-language that is based on the 

Educational Modeling Language (EML). It is a specification developed to support the use of a wide range of 
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pedagogies in online learning. Rather than attempting to capture the specifics of many pedagogies, it does 

this by providing a generic and flexible language (IMS Global Learning Consortium, 2003). IMS-LD provides 

a means of expressing many different pedagogical approaches including collaborative learning [16]. This 

standard allows specifying formally learning units corresponding to the description of the resources and 

the scenario managing those units [17]. 

IMS LD consists of three levels of implementation and compliance (A, B, and C); with each level extending 

and incorporating the previous (see Fig. 2).  

 Level A: This level is a series of activities (assessment, discussion, simulation), performed by one or more 

actors (learners, teachers, etc.). It also includes a set of roles, in an environment consisting of learning objects 

or services [18]. In short, Level A contains all the vocabulary needed to support pedagogical diversity [13]. 

 Level B: This level plays a support specification by adding Properties (storing information about a person or 

group), Conditions (placing constraints upon flow), monitoring services and global elements to level A [18]. 

As a result, this enables personalization, adaptation, sequencing and feedback [13]. 

 Level C: The role of this level is to enable the use of notifications in Level B.  (Triggered events - e.g., if a 

student asks a question, the teacher needs to be notified that a response is needed) [18], which is generated by 

an outcome and cause to derive a new activity available for a role to be executed [13].  

 

 
Fig. 2. The three levels specification of IMS learning design. 

 

A.  IMS-LD Features 

 Enables the construct of learning design approaches into a meta-language [19].  

 Focuses on the organization of learning activities [20]. 

 Describes and implements learning activities based on different pedagogies. 

 Can support asynchronous cooperative learning. 

 Can support adaptive user grouping [21].  

 Supports group participation in e-courses [8]. 

 Reusability of learning designs and materials [8]. 

 Coordinates the use of learning content with collaborative services. 

B.  IMS-LD Limitations [22]-[24] 

 Provides insufficient support to model group-based, synchronous collaborative learning activities 

 Poor support for modeling varied forms of social interaction. 

 Lack of support for modeling artifacts (vote, answer, argument).  

 No support for modeling dynamic features.  

 Cannot be easily adopted by learners (Designed with control in mind). 

2.1.3.  IEEE LOM 

LOM (LEARNING OBJECT METADATA) is an e-learning standard developed by IEEE (Institute of Electrical 

and Electronics Engineers) [13]. It is a globally well-known open standard. LOM standard specifies the 

syntax and semantics of learning object metadata, which may be defined as the attributes required 
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describing a learning object [4]. The learning object is an entity, which is either digital or non-digital that 

can be used for learning, education, or training (IEEE 2002, p1). 

The main purpose of LOM is to support the sharing and reusability of learning objects. Consequently, this 

will lead to help discoverability, and to facilitate their interoperability, usually in the context of online 

learning management systems (LMS) [25].  

LOM is comprised of a hierarchy of around fifty descriptive metadata elements [26] grouped into nine 

categories which are: General; Life Cycle; Meta-Metadata; Technical; Educational; Rights; Relation; 

Annotation; and Classification [17]. 

1) General: Provides information to describe the learning object (LO) as a whole.  

2) Lifecycle: Provides information about the history and current status of the learning object and those 

who have contributed to its creation.  

3) Meta-Metadata: Provides information about the metadata that describes the learning object, as 

opposed to the learning object itself.  

4) Technical: Provides technical requirements and characteristics of the LO.  

5) Educational: Contains educational and pedagogical characteristics of the LO.  

6) Rights: Gives details of intellectual property rights and conditions guiding the use of the learning 

object.  

7) Relation: Describes the relationship between the learning object and other related objects.  

8) Annotation: Provides comments on the educational use of the learning objects, including when and 

by whom the comments were created.  

9) Classification: Contains classification schemes used to describe different characteristics of the 

learning object.  

Normally these categories group together data elements, of which there are two types: 

 Aggregate elements (also described as container elements) which contain other data elements and which do not 

have individual values.  

 Simple data elements (the “leaf” nodes of the hierarchical “tree” structure), which have individual values. 

A. IEEE LOM Features 

 Enables learners or instructors to search, evaluate, acquire, and utilize learning objects. 

 Supports the reusability of learning objects. 

 Facilitates learning objects interoperability (sharing and exchange of learning objects across LMS). 

 Feasibility of tagging learning materials automatically. 

 Enables the retrieval module of a retrieval system to retrieve personalized learning objects for an individual 

learner.  

 Helps the tutoring module of a tutoring system in the tutoring processes.  

 Adaptable for learning objects (application profiles). 

B. IEEE LOM Limitations 

 Offers little opportunity to include information on intellectual property. 

 Requires more effort to create each record, and compromises between interoperability and addressing specific 

requirements [27].  

 The standard as a whole is monolithic [27]. 

 Lacks the ability to describe IPR, technical, lifecycle issues, and others [27]. 

 Can’t describe educational properties [27]. 

 The descriptions of LOM are context-independent and static classifications (it requires values to be assigned to 

50 or more metadata attributes) [28].  

 Limits of string-based indexing engines [29]. 

 Inequality of usage of the different data elements (20 out of 50) used [30]. 

3.2.    Matching Mechanism 
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A matching mechanism must exist between the features of these standards in relation to the 

characteristics of collaborative e-learning.  

Considering the general information about SCORM, IMS-LD, and IEE LOM given above, a matching 

mechanism between the features of these standards in relation to the characteristics of collaborative e-

learning is required. The following table (Table 1) presents the collaborative e-learning characteristics as 

parameters to check in terms of satisfying these characteristics by the three standards. 

 

Table 1. Matching the Features of E-Learning Standards and the Characteristics of Collaborative E-Learning 

Characteristics of collaborative e-learning 
E-learning standards 

SCORM IMS-LD IEE LOM  

Active Learning 

(accessibility, reusability, interoperability) 

Accessibility,  

Affordability, 

Durability, 

Interoperability, 

Reusability 

Reusability 

Accessibility,  

Interoperability, 

Reusability 

Group Participation 

(participation, interaction, collaboration) 

Reference 

interaction , 

Single learner 

mindset 

Participation, 

Coordinate 

collaborative 

services 

Not applicable 

Role of the Instructor 

(facilitating, commenting, feedback) 

Single authority 

(Teacher) 
Feedback Not applicable 

Learner Diversity 

(adaptability, interpretations, personalization) 

Adaptability 

 

Adaptability, 

personalization, 

pedagogical 

diversity 

Adaptability, 

personalization, 

Learner Relationships 

(connection, interaction, sharing, 

multidirectional) 

Not applicable Notifications Not applicable 

Social interaction 

(socialization, interaction, synchronous,  

asynchronous, communication) 

Reference 

interaction 

Limited social 

interaction, 

asynchronous 

Not applicable 

 

Although,  IMS Learning design is more effective in supporting collaborative and adaptive learning 

experiences (when compared with SCORM and IEE LOM), it is mainly because it can easily be understood by 

both educators and students [13]. Yet, all of the above mentioned standards/specifications are lacking in 

fully supporting collaborative learning, as shown in Table 1. Therefore, we can conclude that, existing 

standards do have some provisions for collaboration, but require substantial extensions to accommodate 

common practice in collaborative e-learning environments.  

4. SOA for Collaborative e-Learning  

As we discussed in the previous section, the current e-learning standards are lacking certain attributes to 

provide collaboration and group discussion features because of their structure. Besides, collaborative 

learning focuses on the generation of interaction, assessment and collaboration in the team environment 

[31]. Therefore, in order to satisfy the characteristics of collaborative e-learning, the recommendation is to 

use Service-oriented architecture (SOA). This architecture offers a remarkable ability and technique to 

design a collaborative system [32].  

Collaborative learning using SOA helps in distributing the learning content more efficiently and 

consequently promotes Reusability, Interoperability, Accessibility and Modularization [33]. Being web-

services based, the framework is capable of facilitating the creation of a collaborative workspace [32].  

According to [34], SOA is “The policies, practices, and frameworks that enable application functionality to 

be provided and consumed as sets of services published at a granularity relevant to the service consumer. 
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Services can be invoked, published and discovered, and are abstracted away from the implementation using 

a single, standards-based form of interface”. The architecture is a well-defined and self-contained software 

entity. It includes a discoverable and invokable interface to provide certain capabilities over networks using 

standard protocols [35]. 

A common set of service-oriented principles has been established to ensure the development of flexible 

and agile frameworks. According to [36] the principles are:  

 Reusable: supports potential reuse.  

 Interoperable: components are interoperable. 

 Share a formal contract: Services, services users, and potential users interact through a formal contract.  

 Loosely-coupled: interaction happens without the need for tight, cross service dependencies.  

 Compassable: Services may compose other service.  

 Autonomous: service logic resides within a specific boundary.  

 Discoverable: allows the descriptions to be discoverable and understandable. 

 Transparency: handles all affairs related to location search. 

5. Related Work 

In the domain of learning and education, there have been many attempts by researchers to adopt SOA in 

developing e-learning environments in general and collaborative e-learning in particular.  

As an example, [31] proposed a framework of Knowledge Management Learning System (KMLS) for adult 

education, based on a learning process and a Service Oriented Architecture (SOA). The proposed framework 

integrated both web services and workflow technology to construct a workflow-based learning 

environment in order to help the facilitation of collaborative learning in an efficient and effective way. 

Also, [33] proposed a collaborative learning environment using SOA which helps in distributing the 

learning content more efficiently and promotes reusability, interoperability, accessibility and 

modularization. The implementation incorporated web-service business process management (BPM) 

technology for the management of collaborative learning processes. 

In [37], the author proposed a framework using the Web Service approach and SOA. The approach aims 

to increase the efficiency and effectiveness of collaborative learning in terms of Reusability, Interoperability, 

Accessibility and Modularization. The defined system is a 3-tier architectural e-learning system which is 

planned to be an open source application with client-scripting facility. It also supports the cross-browser 

and it is fully integrated with different databases; MS SQL Server, MS Access, Oracle, and LDAP. 

Another work done by [38] using the SOA concept and web services propose a framework for virtual 

learning environment (VLE) systems to provide an integrated model. The model is designed to provide a 

flexible integration of distributed VLE systems in which all the learning services and applications are well-

defined and loosely connected. In doing so, the aim was to increase the reusability, interoperability, 

flexibility and interactivity in heterogeneous software. 

Towards online virtual resources utilization, [35] developed an extended architectural design for 

computer science students to access virtual resources online. The proposed approach uses SOA to support 

the functionality and extend the architectural design of LMS (Moodle). The services facilitating the 

development of software tools have been developed first as software and published in the cloud where it 

could be then integrated into Moodle. The approach used Learning Interoperability Tool (LTI) published by 

IMS Global Learning Consortium for security criterion.    

A multitier software architecture for Virtual Campus (VC) based on SOA integration of several e-learning 

platforms has been proposed by [39]. The Virtual Campus Advanced Architecture project (VCAA) has been 

defined and implemented based on a set of canonical interfaces. These interfaces standardize the main 

functions of learning management systems (LMSs) leading to isolating the VC from e-learning platforms 
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which make it easy to shift between different LMSs without changing the VC. Blackboard Learn, Moodle, and 

Sakai have been selected to implement these interfaces.  

In order to enhance the reusability of learning resources, a mechanism for e-learning to communicate 

under SOA architecture proposed by [40]. The developed service registry and repository framework is 

aiming to facilitate the publication and discovery of teaching resources using REST services. The framework 

consists of three layers. Top layer provides a technique to assist the register of services by providers and the 

discovery of services by the consumer. Middle layer acts as an engine to handle the interaction between the 

first two layers and managing the information of registered services. The bottom layer includes adaptors to 

streamline the access to database repositories and file systems.    

6. Methodology for SOA Implementation for Collaborative e-Learning   

SOA is a structural model composed of standard components, such as web service technology. The web 

service application is described using Extensible Markup Language (XML). Its communication protocol is 

based on the Simple Object Access Protocol (SOAP) which allows any two parties/applications to 

communicate with each other. Each learning object provider, which is the owner of a Learning Object (LO) 

Service, publishes or updates its own service description using Web service definition language (WSDL) to 

the registry directly [34], and they can be located using a standard Universal Description, Discovery, and 

Integration (UDDI).  

SOA defines three roles which are service provider, service requester, and service broker. The interaction 

between the three roles in the case of collaborative learning as shown in Fig. 3 will be as follows: 

 Service provider: Service providers use a universal web services registry called UDDI to publish learning 

services (contents/application) to be available to the services requesters to find desired services. When the 

learning objects content or application are created as services, they will be described by a WSDL document to 

let the service requesters know how to use them [38].  

 Service requester: In the collaborative learning scenario, the learners will search for information from the 

knowledgebase and discuss the learning tasks with peers or seek assistance from a teacher via chatting [33]. 

The collaborative e-learning platform (service requester) will work with the service registry to identify the 

reusable service(s) to be invoked and composed that satisfy the learner’s needs to accomplish the learning 

activities.  After finding the reusable services, the service requester will negotiate with the service providers to 

bind services [35]. 

 Service broker: Acts as a medium for web services. Its role is to accept registration requests from service 

providers and process query/service requests from service requesters.  

 
Fig. 3. Three roles of SOA architecture.  
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7. Conclusion 

This paper investigated three commonly used standards/specifications (SCORM, IMS-LD, IEEE LOM) in 

the field of e-learning in terms of satisfying the characteristics of collaborative e-learning. As a result, due to 

the structure of those standards, they are lacking certain necessary attributes to provide seamless 

collaboration and group modeling. Therefore as a recommendation, the study realized the effectiveness of 

SOA in supporting the collaboration feature integrating collaboration tools such as social media tools. The 

main reason for that is the structure and the standards available which mainly support the web service-

oriented platforms. Consequently, many e-learning systems specifically for collaboration have been 

developed based on SOA as the paper presented in the related work section. A methodology for SOA 

implementation has been proposed and discussed in section 6 which specifically focused on the roles of this 

architecture in the process of collaborative learning.  However, for the implementation purpose of this 

methodology, a development process considering all the collaboration characteristics needs to be identified 

and modeled which is tagged as a future work.  
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