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1 Introduction 

During last decades, design of new software tools and platforms for technology enhanced learning became an 

important field of research and practical developments. As a rather complex domain, it requires joint efforts of 

software engineers, programmers, content authors, instructional specialists and teachers. Moreover, it is a 

continuously growing branch of the software industry and bears more expectation for more effective 

technology enhanced learning during current decade. 

The present habilitation thesis aims at presentation of mostly system design analysis issues and, as well, some 

implementation and field trial details of three platforms for technology enhanced learning: an open learning 

management system - ARCADE, an adaptive hypermedia platform for edutainment - ADOPTA, and a 

software framework for construction of educational games. These platforms have been created and 

experimented in practical e-learning courses at Faculty of Informatics and Mathematics at Sofia University St 

Kliment Ohridski, Bulgaria, in the scope of several research projects conducted under supervision of the 

author. The obtained experience and experimental results may be used for new projects concerning creation of 

tools and platforms for modern e-learning, aiming at better cost-effectiveness, new adaptivity approaches, 

massive game based learning and usage of intelligent agents. 

The results presented in this work are from research, software development and practical experiments 

described in the scope of several projects namely: 

 The ARCADE project (Architecture for Reusable Courseware Authoring and Delivery) funded and 

conducted by the Department of Information Technologies, FMI-SU, under supervision of the author 

(2002-2004).  

 The ADOPTA project (ADaptive technOlogy-enhanced Platform for eduTAinment) funded by the 

Bulgarian NSF under agreement No. D002/155. The project is conducted at the Department of 

Software Technologies, FMI-SU, under supervision of the author since year 2009 until present.  

 The SISTER FP7-REGPOT-2007-1 project (Strengthening the IST Research Capacity of Sofia 

University) funded by the European Commission in FP7-SP4 Capacities via agreement no. 205030 

since 2008 until 2011. 

 The PRIME FP6-2004-IST-NMP-2 project (Providing Real Integration in Multi-disciplinary 

Environments), under technical supervision of the author (2004-2007). 

The thesis is structured as follows: 

Chapter 2 is devoted to the software design as very important stage of the software development process. It 

presents a short survey to modern paradigms for design of software systems such as the object-oriented and 

component-based design, design by contract and aspect-oriented programming, and the service-oriented 

design. As well, there is provided a short overview design processes and methods widely used for software 

construction during last thirty years, from the waterfall process model until modern agile for software 

development. 

Chapter 3 aims to reveal the nature of e-learning as phenomena of great importance for the education and 

software industry in last decades. It provides an introduction to modern e-learning and its synchronous or 

synchronous communication types. Next, it deals with e-learning standards established and used worldwide in 

the domain, and discusses some e-learning software systems and their application. Special attention is paid to 

the problems and trends of developments of adaptive hypermedia systems and modern game based learning.  
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Chapter 4 provides some of the main results of construction, field trials and practical use of the ARCADE 

(Architecture for Reusable Courseware Authoring and Delivery) platform conducted at the Department of 

Information Technologies, FMI-SU, under supervision of the author. Special attention is given to two core 

ARCADE modules - the assessment tool and the authoring tool. There are presented their user functionalities, 

software architecture, work processes and some of the evaluation results 

Chapter 5 is focused on research in adaptive hypermedia platforms (AHS) providing courseware adaptation to 

both learning styles and learner’s performance as two very important metrics of the learner model. Within the 

scope of ADOPTA project, there was developed such a software platform for adaptive content delivery based 

on a conceptual model supporting adaptivity to learning styles and learners performance, i.e. shown 

knowledge level (Bontchev and Vassileva, 2011). After presenting an overview of the conceptual model and 

platform architecture, the chapter discusses approaches for system design of course storyboards adaptive to 

learning styles and knowledge level of individual learners. There are described analysis and design of main 

platform modules, namely the ADOPTA authoring tool, the instructor tool, and the adaptation control engine. 

Next, there is provided a description of a methodology for adaptive course storyboard design and 

management. The methodology is used for practical development of an adaptive course in XML technologies. 

Finally, the chapter considers some practical results collected during pilot experiments with the platform using 

the adaptive course within a field trial with bachelor students in Software Engineering at Sofia University, 

Bulgaria. The results concern assessment of efficiency of adaptivity and are summarized from survey 

conducted after finishing the adaptive course. 

Chapter 6 is devoted to integration of traditional instructional techniques with game based learning activities. 

It states that for a massive usage of educational games in modern e-learning, teachers need simple, efficient 

and extensible software platforms providing mechanisms for rapid and easy construction of cognitive games 

on the top of course content of taught domain. The chapter presents a was of semantic structuring and 

organization of educational content for enabling automatic content extraction and promises to make such 

games more appropriate for e-learning purposes. Next, the chapter describes both the workflow and software 

architecture of a framework for construction of simple single-user word and logic games based on semantic 

organization of educational content and supported by intelligent agents. There are provided field trial results 

from experiments with educational games, constructed by means of the software framework. 

The last chapter provides some final conclusions about the presented results and their possible application for 

future work within new research projects and practical implementations in the area. 

After the bibliography, there are provided two appendixes – one with the used terms and abbreviations and 

another with found citations of the referenced author’s articles 
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2 Design of software systems 

This chapter is devoted to the software design as very important stage of the software development process. It 

presents a short survey to modern paradigms for design of software systems such as the object-oriented and 

component-based design, design by contract and aspect-oriented programming, and the service-oriented 

design. As well, there is provided a short overview design processes and methods widely used for software 

system design during last thirty years. 

2.1 Overview 

Software design is a complex process of solving problems stated by system analysis and planning a 

prospective the software solution. It is a very important stage of the software development process following 

the analysis and coming before the system implementation and test phases. Software design includes an 

overall architectural view, low-level structural view, process (behavior) view and implementation view.  

There are many aspects to be considered when designing a software system (Ralph and Wand, 2009). For 

sure, the system design should meet the functional requirements stated by the analysis phase. However, other, 

non-functional, so called quality requirements appear to be of key importance. The more important of them 

are encountered below: 

 Reliability - The software is able to perform a required function under stated conditions for a specified 

period of time. 

 Reusability - system modules should be reusable; 

 Robustness - the software system should tolerate unpredictable or invalid environment conditions; 

 Compatibility - the software should provide interoperability with another products and to be compliant 

with established standards for information presentation and technological implementation; 

 Extensibility - the designed system should make possible adding of new capabilities without major 

changes to its architecture; 

 Fault-tolerance - the designed software application should be resistant to failures; 

 Maintainability - the software is supposed to have easy and effective maintenance; 

 Modularity - system modules should be implemented and tested in isolation before being integrated; 

they have to have low coupling and high cohesion; 

 Usability - the system user interface must be usable for its users. 

Modern software design paradigms followed a steadily evolving process of enhancement of key design 

principles. It follows a review of evolution of modern software design paradigms through last thirty years. 

2.2 Evolution of modern software design paradigms 

In the last twenty years, the software industry has grown tremendously. The software products become more 

and more complex, as well as more and more critical to everyday life. The public needs for quality software 

products of all kind of areas are constantly increasing. Therefore, there are needed new paradigms, methods 

and tools for a more rapid and effective design of software systems. 
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2.2.1 Object-oriented design 

When thinking of modern software development approaches and tools, it is very usual to address productivity 

as the major expected benefit. In Object-Oriented Programming (OOP), productivity benefits follow not just 

from the immediate benefits of the approach but from its emphasis on quality.  

OOP serves as design process is based on the approach of designing classes as containers of objects, 

relationships between these classes and instantiation of objects as class exemplars. Thus, an executing 

program relies on objects created dynamically using class definitions. 

While object-oriented analysis applies object-modeling techniques in order to analyze mainly system 

functional requirements, object-oriented design enhances the model produced by the analysis for developing 

implementation specifications. Object-oriented design makes part of object-oriented development where an 

object-oriented strategy is used throughout the development process (Sommerville, 2004): 

 Object-oriented analysis concerns developing an object-oriented model of the application domain 

identifying the system requirements, both functional and qualitative. The analysis objects and classes 

represent abstractions of the problem domain; 

 Object-oriented design treat creation of an object-oriented model of the software system being under 

development, in order to implement the requirements identified during the analysis phase. The 

software designer is supposed to create new classes and objects for transforming problem objects 

identified during the analysis to a system implementation; 

 Object-oriented implementation concerns realization of the software design by means of an object-

oriented programming language (platform) such as C++, Java or C#. 

It is important to note that proper analysis and design prior to implementation result in a higher quality 

software system. The practice proves that teams of a successful project usually spend most time on analysis, 

less on design and even less time on system implementation. 

While the OOP implies at language Level definition of classes, objects and inheritance (both sub-typing and 

implementation inheritance), its conceptual level definition concerns principles of abstraction, information 

hiding, encapsulation, delegation and polymorphism: 

 Abstraction concerns the practice of ignoring unessential details about an item or group of items, so 

that designers can focus on key concepts; 

 Information hiding means hiding parts of the abstraction within an object; 

 Encapsulation supposes hiding of design decisions that are most likely to change into a class 

container, thus protecting other parts of the program; 

 Delegation implies creation of a new class which delegates operations to an existing class, usually by 

having an object of that class pointed by an instance variable and calling methods on that object; 

 Polymorphism is the possible calls to methods or fields of objects belonging to different types, each 

one according to an appropriate type-specific behavior. The program does not have to know the exact 

type of the object in advance - it is determined at run-time (called late or dynamic binding). 

Object-oriented models of analysis and design usually are represented by the notation of the Unified Modeling 

Language (UML) diagrams. Using UML does not incur mandatory usage of the Unified Process of software 

development, as will be explained later in this chapter. 

2.2.2 Component-based design 

In the last years, software technologies have changed tremendously and the software products have become 

more complex and more critical than ever. New paradigms like Component Based Software Engineering and 
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Service Oriented Architecture have come in the place of object-oriented programming. The Component-Based 

Design (CBD) introduces a new software development paradigm in which systems are no longer implemented 

from scratch, but glued together from existing components (Berberova and Bontchev, 2009). Component 

based software engineering is concerned with the assembly of pre-existing software components into larger 

pieces of software.  

In CBD, components are used as building blocks deployed independently and being subject to composition by 

third party Breivold and Larsson, 2007). A software component is “a unit of composition with contractually 

specified interfaces and explicit contex dependencies only”. The component may have fine grainularity for 

provision of specific functionality or, otherwise, coarse granularity when containing more complicated logics 

CBD emerged from the failure of object-oriented development to support effective reuse (Sommerville, 2004). 

Single object classes in OOP are too detailed and specific. Components are more abstract entities than classes. 

Each component is a single standalone service provider. Component based software development goal is to 

reduce development costs by promoting rapid development of software systems that are agile, flexible and 

easily maintainable. 

Component based software development encompasses two processes (Sharma et al, 2007): 

 developing reusable components - because components may be reused in various software 

applications, they should be more reliable than software developed ab initio. When choosing the best 

reusable component designers should decide which component is most easily adapted. Usually, 

component-based reuse implies a change of the existing component. 

 assembling software systems from software components – CBD supposes that applications are built 

from existing components by means of assembling and replacing some interoperable parts. The 

component composition means assembling components via connectors or composing code to form a 

larger component. 

Some of the main principles of Component Based Software Engineering are given in (Breivold and Larsson, 

2007): 

 Multiple reuse 

 Composability (with other components) - components can only be assembled according to the rules 

specified by a specific component model 

 Encapsulation and hidden component implementation – the component is accessible only through its 

interfaces 

 Exactly specified communication interfaces 

 Independent deployment and versioning 

 Component independence – the components do not interfere with each other 

2.2.3 Design by contract and aspect-oriented programming 

The term Design by Contract (DbC) was coined by Bertrand Meyer (Meyer, 1992) in connection with his 

design of the Eiffel programming language. The first language that has provided support to Design by 

Contract was Eiffel, however, the idea is gaining popularity and there are several tools have emerged recently 

for using this methodology when programming in Java, C++ and other programming languages.  

The Design by Contract methodology prescribes to software designers to define precise checkable interface 

specifications for software components based upon the theory of abstract data types and the conceptual 

metaphor of a business contract (Berberova and Bontchev, 2008). It complements several Extreme 

Programming practices, particularly unit testing and refactoring.  

http://en.wikipedia.org/wiki/Information_hiding
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DbC involves a partnership between the producer and consumer of a class and between the features promised 

in the class and the responsibility of using these features correctly. If both parties adhere to this contract, the 

resulting software has the potential to be more understandable and reliable. The user requirements are given 

by a set of preconditions and the producer requirements are given by a set of post-conditions. In other words, 

DbC defines and manages the responsibilities between a class and its users. The methodology is very useful 

and clear concept for software development, although it is not very popular. 

The central idea of DbC is a metaphor on how elements of a software system collaborate with each other, on 

the basis of mutual obligations and benefits (Berberova and Bontchev, 2008). The metaphor comes from 

business life, where a "producer" also called “client” and a "consumer" also called “supplier” agree on a 

"contract". The producer has to provide a certain product, which is producer’s obligation and is entitled to 

expect that the consumer has paid its fee, which is producer’s benefit. The consumer must pay the fee, which 

is consumer’s obligation and is entitled to get the product, which is consumers benefit. Both parties must 

satisfy certain obligations, such as laws and regulations, applying to all contracts.  

In the means of DbC and object-oriented programming, the method’s precondition is an obligation for the 

client and a benefit for the supplier. It frees the supplier from having to handle cases outside of the 

precondition. The method's post-condition is an obligation for the supplier, and obviously a benefit for the 

client. The class invariants are certain properties, assumed on entry and guaranteed on exit of every call to a 

method. So preconditions and post-conditions are two fundamental elements of contracts. The third 

fundamental element - which is really useful mostly in an object-oriented context, is invariants. A class 

invariant is a condition that applies to an entire class. It describes a consistency property that every instance of 

the class must satisfy whenever it's observable from the outside. That means that this property, the class 

invariant, must be satisfied whenever an instance of the class is created. The contracts are expressed as 

Boolean expressions, intended precisely to express runtime true or false properties - properties that at any 

point in the execution may hold or may not hold. There are rules for proper behavior of inherited contracts, 

based on the Liskov Substitution Principle (LSP), which is a minimal definition of inheritance (Briand et al, 

2005). In the context of DbC methodology, if class B is considered a child class of class A (where A can be 

another class or interface) then B must obey A's contract, including all the class, method, and field checks, i.e. 

B inherits A’s contract.  

Aspect-Oriented Programming (AOP) restores modularity by developing the cross-cutting concerns, or 

aspects, in isolation and then combining them with other modules using declarative or programmatic 

mechanisms that are modular (Piattini and Garzas, 2004). Thus, the AOP paradigm appears to be very suitable 

for realization of the Design by Contract methodology. The points of intersection are defined once, in one 

place, which makes them easy to understand and maintain. The other modules require no modifications to be 

advised by the aspects. This "intersection" process, sometimes called weaving, can occur at build or run time. 

Aspect-oriented software development weaving is a key innovation that provides very fine grained query and 

composition semantics. Where traditional code linking has the ability to resolve method and variable names, 

weaving adds the ability to replace method bodies with new implementations, insert code before and after 

method calls, instrument variable reads and writes, and even associate new state and behavior with existing 

classes, typically for adding special behaviors. Specially, for allowing adding metadata available to the 

programmer at run-time to Java source code, Java annotations are used. 

2.2.4 Service-oriented design 

Service-Oriented Architecture (SOA) enables enterprises to integrate seamlessly their IT solutions in a manner 

that provides for agility in adaptation to changes and eventually cost reduction. The guiding principles of SOA 
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design concern the rules for development, maintenance and usage of services. These common principles 

include issues as follows (Erl, 2007): 

 Reuse, granularity, modularity, composability, componentization, portability, and interoperability  

 Standards compliance (both common and industry-specific) 

 Services identification, categorization, provisioning and delivery, monitoring and tracking 

Building composite applications on top of SOA platforms provides more effective solutions, sometimes 

spreading across large and complex business processes, even crossing enterprise boundaries. Service-oriented 

design principles are defined in best way in (Erl, 2007), as follows below. 

 

Standardized service contract 

Using standard service contract enables interoperability between services and their clients in a service-

oriented architecture. These relationships might be encapsulated within a single organization but they may 

also span over partner network of enterprises. Before going to business, the related parties must agree upon 

the interoperability rules by defining a contract to which all of them will adhere. On purely technical level this 

means to define a standard to be used to publish, discover and operate to achieve business goals.  

Although it’s possible to build a SOA implementation out of proprietary standards, it is highly recommended 

to use where possible widely accepted and open standards to ensure long-term success. Among other reasons 

is the ability to support extensibility in the system because the chances to have the requirements to acquire or 

use such service at some point in time are rather high. 

 

Service loose coupling 

Services in SOA need to maintain no other dependency on each other but awareness of each other. The Web 

Services publish-discover mechanism provides highest level of decoupling. It is fully adopted and used in 

modern SOA systems. 

 

Service abstraction 

Service implementations are black boxes to their clients. Nothing but its published contract is visible to them. 

The Web Service technology hides any implementation specifics. The level of encapsulates goes beyond the 

complexity of the implementation hidden behind the well-defined and published interface towards hiding even 

the concrete technology employed for the implementation. In this way in a Web Service perspective 

environment it’s not that relevant if the implementation technology was .NET or Java or something else as 

long as all of them comply with the required model of collaboration between service providers and consumers 

in technology neutral communication protocols and formats. 

 

Service reusability 

Services contain and express logic that can be taken out of the context of an enterprise application and applied 

successfully in another, i.e. the service should be designed in a way that it is perceived as a reusable enterprise 

resource. All system layers instances have to possess interfaces that are designed with reusability in mind. 

 

Service autonomy 

http://en.wikipedia.org/wiki/Modularity_%28programming%29
http://en.wikipedia.org/wiki/Interoperability
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Services control the logic they encapsulate. The service layer may operate standalone, providing the required 

semantic storage services, hence designed coarse grained enough so that they are autonomous at sufficient 

level. 

 

Service stateless 

State management can be expensive and diminish scalability especially with the complexity growth in a 

service composition environment presented by SOA. Stateless services are therefore preferable where possible 

and system design should be aligned with this principle. 

 

Service discoverability 

It is not enough to develop a service. It has to be described, published and discovered by its consumer and this 

must be done in a mechanism that is implementation and service details agnostic. The goal is to build zero-

configuration network architectures with automatic discovery of services, where a device can dynamically 

join the network, use available services, negotiate required parameters and, in the end, smoothly leave the 

network. The Web Services publish-discovery mechanism realizes this concept. 

 

Service composability 

Services should be composable in an efficient way. SOA systems usually compose services, especially on 

distribution layer level, and it is critical to ensure that it can effectively hide the complex and numerous 

registry and repository services behind. Ultimately, the service layer should have the required design features 

that allow it to become part of a more complex composition. 

The service in SOA is a stand-alone unit of functionality available only via a formally defined interface 

(Berberova and Bontchev, 2009). The interface defines the required parameters and the result - the nature of 

the service, not the technology used to implement it. The system must manage the invocation of the service 

and management includes many aspects (Erl, 2007):  

 Security - authorizaton of requests, encryption and decryption of data, data validation 

 Deployment - allows the service to be moved around to maximize performance and provide maximum 

availability 

 Logging - provides auditing and metering capabilities 

 Dynamic rerouting - provides fail-over or load-balancing capabilities 

 Maintenance - manages efficiently the new versions of the service 

There are three types of roles in a typical service-oriented environment: 

 Service provider - owns and provides service business information s, and in addition a specification 

for accessing these services; 

 Service consumer – application using services according specific workflow; 

 Service registry – used by the service provider to register the service and by the service consumer for 

finding and accessing the service. 

In a SOA environment, the service consumers can access independent services without knowledge of their 

underlying platform implementation. 
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The service interface describes the behavior of the service and the messages required to interact with that 

service. The service interface should describe the provided operations, the format for information and the 

message exchange patterns that the service implements such as request/reply, one-way, and duplex.  

The service contract is the specification of collaboration between the provider and consumer – it specifies the 

roles each party plays, the interfaces they offer and the behavior of enacting the service (Berberova and 

Bontchev, 2009). It is an exchange agreement between specific bound participants, also called signed 

contract. The service contract represents service’s collective metadata is a single specification of a service 

without regard for implementation or dependencies and is defined by the service provider (fig. 2.1). This 

representation is required to be in formal, standardized form. Thus, the service contract consists of several 

documents describing technical contract (i.e. technical content such as WSDL, XSD and WS policies – 

consumed run time) and non-technical information such as Service Level Agreement (SLA). It plays 

cornerstone role in SOA, as far as it supports other principles in a consistent way. 

 

Fig. 2.1: The place of service contract (Berberova and Bontchev, 2009) 

2.3 Software development process 

A process of software development encompasses the order of stages involved in system development and 

evolution and, as well, establishes transition criteria for progressing from one stage to another (Boehm, 1988).  

 

Fig. 2.2: Comparison of activities during development process in CBD and design of SOA (Breivold, 2009) 
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Popular software development processes contain four repeatable main phases as shown in fig 2.2, namely: 

 analysis – includes capturing and specification) of requirements; 

 design; 

 implementation; 

 test. 

The same figure represents a comparison of typical activities during development process in CBD and design 

of SOA, as described in (Breivold, 2009). Engineering process of a component-based software system 

involves establishment of components, evaluation and selection of proper components, tests and, finally, 

possible adaptation and integration of the components into the software system. At the same time, for SOA 

design there are more important service discovery and composition.  

During the last four decades, several process models have been proposed and practically accepted for software 

development, as follows below. 

 

The Waterfall process model 

The Waterfall process model was described first in (Royce, 1987) as a document-driven process; includes five 

sequential stages of software development, namely requirement analysis, design, implementation, testing and 

maintenance, without any iteration of their flow. The emphasis is put on fully elaborated software artifacts as 

completion criteria for each one of the stages, however, the lack of iterations increases the risk of substantial 

problems during late stages of the workflow. 

 

The Evolutionary development model 

The Evolutionary development model has been proposed by Gilb (Gilb, 1981) as a code-driven process; relies 

on an incremental delivery of project results to the customer. According to Gilb, the developer “must evolve 

in small steps towards your goals; large step failure kills the entire effort. And early frequent result delivery is 

politically and economically wise. 2% of total is a small step that you can afford to fail on.” The model is 

important by the definition of incremental satisfaction of identified stakeholder requirements. 

 

The Spiral model  

The Spiral model was developed by Barry Boehm as a risk-driven, rather than document-driven or code-

driven, process for software development (Boehm, 1988). A typical cycle of the spiral consists of 

identification of the objectives of the product portion being under elaboration, evaluation of the alternatives 

relative to the objectives and constraints - in order to identify various risks, risks' resolution, and development 

and verification of next level product. Here, any development stage incorporates prototyping as a mean for 

risk reduction. 

 

The Unified process  

The Unified process was initially defined as Rational Unified Process (Jacobson et al, 1999), now trademark 

of IBM; represents an iterative and incremental, UML use case driven and architecture-centric development 

process which might be customized for specific organizations or projects. As a result it is often impossible to 

say whether a refinement of the process was derived from UP or from RUP, and so the names tend to be used 

interchangeably. The Unified Process incurs usage of UML, though UML is process-independent (Bontchev 

and Iliev, 2003). There are four key ideas behind the Unified Software Development Process, namely: 
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 Use-case driven – based on use-cases describing “the manner in which the system provides a discrete 

value to an actor”, grouped together in a use-case model. 

 Architecture-centric – based on functionality described in the use-case model it “casts the system in a 

form” that “embodies the most significant static and dynamic aspects of the system”. 

 Iterative – the system is envisioned as an evolving entity that passes through several cycles of 

refinement. 

 Incremental – the functionality is added in small portions, thus providing a smooth transition towards 

the complete realization of the system. 

According to (Jacobson et al, 1999), the software lifecycle goes through four main phases: inception, 

elaboration, construction, and transition. During the inception phase a vision for the software product is 

established. It is followed by a complete specification of functional and nonfunctional requirements (use-case 

model) and detailed system architecture in elaboration phase. The construction phase “adds flesh” to the 

architecture skeleton specified – the software product is built using chosen implementation technologies. 

During the transition phase the emphasis is placed on maintenance and support activities like correcting 

defects and training users of the system.  

There are five main workflows that take place during each one of the project iterations – requirements 

specification, analysis, design, implementation, and testing. The main purpose of the requirements 

specification workflow is to develop a use-case model of the software system that describes the actors – 

“coherent sets of roles that users of an entity can play”, and the use-cases – “coherent units of functionality 

provided by a system”. During the analysis workflow the functional and nonfunctional requirements are 

transformed in overall system architecture. There is a bidirectional relationship between the use-case and the 

analysis models – the specification of requirements leads to architecture forming, and presenting the 

architecture leads to better understanding and re-formulation of requirements. The design workflow links the 

abstract analysis architecture with concrete implementation technologies – it provides a design model, a 

detailed blueprint for the system implementation. The real construction and coding of different modules is the 

main purpose of the implementation workflow. During the testing workflow all implemented classes, 

subsystems, and the whole software system are tested according to a test plan (unit testing, integration testing, 

alpha and beta testing). Test cases are derived from existing use-cases. They are applied according to 

predefined test procedures, and the whole process can be automated using test components.  

For each workflow there are defined sets of workers, activities, and artifacts. The workers are developer roles 

of specialists taking part in the realization of certain artifacts (documents, modules, etc.) in the scope of 

different activities defined for the workflow. 

 

Agile software development processes 

Agile software development processes involve lightweight iterative and incremental approaches to software 

development performed in collaborative ways. Agile processes explicitly accommodate software development 

to the steadily changing needs of stakeholders of various type. Agile development processes and methods are 

defined by the Extreme Programming, Scrum, Feature Driven Development, Dynamic Systems Development 

Method and Adaptive Software Development (Breivold, 2009). These methods attempt to develop pieces of 

operating software step-wise at frequent intervals, with minimized documentation and process overhead. A 

key issue of these methods is responding to changes in project environment, such as changes in customer 

requirements, software technology, tools, project teams, etc. Agile processes prescribe to both software 

developers and customers to consider possible adjustment needs emerging during the product lifecycle. 
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Usually, software development is realized by using a modification of one of the methods outlined above, 

according key parameters of the software project such as scope and size of the prospective software system, 

time limits, previous experience of the project team, customer type and others. As well, in order to meet 

specific requirements, for some cases a combination of some features of different methods for software 

development may be used. 

2.4 Conclusions 

Object-oriented approach for design and implementation of software systems is the most popular system 

design paradigm well-proven during last three decades. It is successfully combined and supplemented by the 

component-based software engineering and service-oriented design. Because of the diverse nature of software 

platforms and tools, systems are usually developed using not a pure service oriented, component-based or 

other approach but rather than a mix of design paradigms. Nevertheless, CBD and SOD are the most popular 

approaches for software design. In (Breivold and Larsson, 2007), there is given a comparison between these 

two approaches, based on several criteria. Table 2.1 provides the key issues of that comparative analysis. 

 

Criterion \ 

Approach 
CBD SOD 

P
ro

ce
ss

 

Building system from pre-existing 

components. Separate development 

process of components and system. More 

activities involved in design time. 

Building systems from pre-

existing services. Separate 

development process of services 

and system. More activities 

involved in run time. 

T
ec

h
n
o
lo

g
y

 Constrained by component models. 

Ranging from white box, gray box to black 

box. Static and dynamic binding between 

components. Dynamic discoverability is 

not a major concern here. 

Platform independency. Black 

box. Only dynamic binding 

between services. Dynamic 

discoverability 

Q
u
al

it
y

 

Interoperability concern between 

heterogeneous components. Achieve 

component substitutability through explicit 

specifications. Better predictability 

Interoperability through 

universally accepted standards. 

Achieve service substitutability 

through service descriptions. 

Predictability issue 

C
o
m

p
o
si

ti
o
n
 

Homogenous composition. Design time 

and run time composition and design time 

composition allows for optimization. Pipe 

and filter; event mechanism etc. 

Composition is made out of several 

component instances 

Heterogeneous composition. 

Services are composed at run time. 

Pipe and filter; orchestration etc. 

Composite services are built by 

composing service descriptions 

 

Table 2.1. Summary of similarities and differences of CBD and SOD (Breivold and Larsson, 2007) 
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Finally, service-oriented modeling includes analysis and design of services based on the component paradigm. 

The process of service-oriented modeling shown in fig. 2.3 (Arsanjani, 2004) consists of three general steps: 

identification, specification and realization of services, components and theirs flows. 

 

 

Fig. 2.3: The service-oriented modeling and architecture method (Arsanjani, 2004) 

Regarding design and implementation of software systems for e-learning purposes, CBD and SOD approaches 

are widely used on the top of OOP, following any one of the development methods outlined above. Design 

goals pursue flexible and scalable solutions of complex e-learning software integrating large and distributed 

systems. The practical case studies described in next chapters of this work, implies software architectures 

using services or components, or both of them as architectural elements. These systems have been proven in 

terms of performance, flexibility and scalability. There are many examples of organizing enterprise functions 

as value-added services and implementing them as components, in order to achieve good extendibility and 

reusability. 
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3 E-learning software systems 

The chapter aims to reveal the nature of e-learning as phenomena of great importance for the education and 

software industry in last decades. It deals with type of e-learning, standards established and used worldwide in 

the domain, and discusses some e-learning software systems and their application. 

3.1 Modern e-learning 

Electronic learning or, as popularly called, e-learning occurs with the mass advent in any area of human life – 

both public and private – of electronic devices such as radio, television, computers, mobile phones and other 

handheld devices. As a means of e-learning may serve any type of learning environment that uses digitized 

courseware. In particular, an e-learning training course may be conducted over Internet, private computer 

network or even a standalone computer and, thus, comprises all forms of electronically supported learning and 

teaching. However, e-learning is conducted essentially a network-based form that supports transfer of skills 

and knowledge via electronic materials.  

3.1.1 Basic definitions 

According to (Singh, et al., 2003) e-Learning is “a term covering a wide set of applications and processes, 

such as Web-based learning, computer-based learning, virtual classrooms, and digital collaboration. It 

includes the delivery of content via Internet, intranet/extranet (LAN/WAN), audio- and videotape, satellite 

broadcast, interactive TV, CD-ROM, and more”. The Organization for Economic Cooperation and 

Development provides an exhaustive definition of e-learning in (OECD, 2005), claiming that “e-Learning 

refers to the use of information and communications technology (ICT) to enhance and/or support learning in 

tertiary education. While keeping a presiding interest in more advanced applications, e-learning refers to “both 

wholly online provision and campus-based or other distance-education provision supplemented with ICT in 

some way”. 

Nowadays, the term e-learning is widely mixed with its synonyms like Computer-Based Training (CBT), 

Internet-Based Training (IBT), Web-Based Training (WBT) or Technology enhanced learning (TEL). In 

general, e-learning may be delivered not only via Web – the first approaches for e-learning activities have 

started decades before invention of the Web. Rather often, e-Learning is regarded as a synonym of distance 

learning. For example, in (Zemsky and Massy, 2004) e-learning is defined as “distance education or education 

delivered on the Web”. The same is stated by Oblinger and Hawkins in (Oblinger and Hawkins, 2005) who 

assume e-learning means that “an entire course and all the interactions between faculty and students are 

online” However, distance learning is only a form of e-learning because e-learning itself may be delivered 

either off-site or on-site. According (Boezerooij, 2006), the online presence in e-learning processes is not only 

optional but may also very in terms of level and type of presence. Thus, e-learning may be conducted in 

several possible ways: 

 None of trivial online presence; 

 Web supplemented e-learning – with optional student online participation;  

 Web dependent - students are required to use the Web for some key elements of the course program 

such as online discussions, peer communication, project collaboration and on-line assessments, with 

no substantial reduction of classroom time; 
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 Mixed mode: students are required to participate in online activities such as these stated over, which 

replace part of face-to-face teaching and learning activities; 

 Fully online – this extreme case when: there is no direct contact with a campus. Here, all teaching 

interactions such as education content delivery and learning activities are integrated and delivered 

online with relevant support services. 

In any of the cases encountered over, e-Learning represents an interactive communication taking place 

between two actors: the e-learning system containing knowledge about given domain and the learner. This 

interactive communication uses ICT in an integrated and directed way in order to encourage students to obtain 

new knowledge and skills and to engage them actively with their learning (Wang, 2009). In this statement, 

there are three key issues to be underlined: 

 E-learning is an integrated approach – simple usage of additional electronic materials supplementary 

to traditional courseware cannot be regarded as e-learning; 

 E-learning is specially directed to meet students needs; 

 E-learning engages students actively – by using specific tools such as forums, wikis, blogs, 

educational games, podcast, automatic assessment, simulations, etc. 

3.1.2 E-learning communication types 

Depending on the way e-learning is delivered, it may be of either synchronous or synchronous type 

(Hrastinski, 2008). Asynchronous e-learning (such as via e-mail and discussion boards) supports non-

synchronized work relationships between learners and teachers. Its main benefit consists in its flexibility 

thanks to the lack of requirements for participants being online during the teaching process. Online courses 

have an asynchronous nature as far as they are available at any time and any place; therefore, asynchronous e-

learning encourages cognitive participation and is a key component of e-learning. On the other hand, 

synchronous e-learning (such as that delivered by videoconferencing and chats) has as benefit both 

elimination of learner's isolation and support of learners in growing learning communities. Synchronous 

learners may encourage personal participation by asking and receiving answers questions in real time (fig. 

3.1); however, they cannot spend more time refining their contributions as with asynchronous e-learning. Both 

asynchronous and synchronous e-learning may be delivered on-site and off-site. 

 

 

Fig. 3.1: Asynchronous versus synchronous e-learning (Hrastinski, 2008) 

Additionally, Haythornthwaite differentiates three types of communication depending on the scope of 

executable learning tasks (Haythornthwaite, 2002). He founds content-related communication, planning of 

tasks, and social support as shown in Table 3.1. These three types of communication are important for 

building and sustaining e-learning communities. Content-related information exchange supposes a process of 

information sharing with discussions about some content-related issues. Planning of tasks implies many 

communication and synchronization activities such as allocation of tasks to people, coordinating collaboration 
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works, conflicts resolution, etc. Finally, the social support communication may include messages of various 

mature - companionship, support, advices and others. 

 

Type of exchange Examples 

Content-related 

  Ask or answer a content-related question 

  Share information 

  Express an idea or thought 

Planning of tasks 

  Plan work, allocate tasks, coordinate joint efforts, or 

review drafts 

  Negotiate and resolve conflicts 

Social support 

  Express companionship, emotional support, or advice 

  Use emoticons 

  Provide support when problems arise (such as when 

having technical difficulties) 

  Talk about things other than class work 

 

Table 3.1: Three types of communication exchange (Haythornthwaite, 2002) 

3.1.3 A brief history of e-learning 

E-learning makes people to rethink the mission of education. Many authors as (Barr and Tagg, 1995) state that 

the purpose of any academic institution “is not to transfer knowledge but to create environments and 

experiences that bring students to discover and construct knowledge for them, to make students members of 

communities of learners that make discoveries and solve problems”. E-learning is very promising in that sense 

because it is directed, appealing and social. 

In fact, these qualities of e-learning were the fuel for its fast development during last decades. In 1960 

developed the first system for e-Learning named PLATO (Programmed Logic for Automatic Teaching 

Operations) at the University of Illinois (Stanley and Sherwood, 1976). In 1969 the Open University of UK 

starts with radio and television broadcasting for much of its courseware delivery. Less than three decades 

after, in 1996, The Jones International University is launched as the first fully online university in USA. 

According Sloan Consortium, in 2006 more than 96% of the very largest institutions worldwide already have 

online offerings (Allen and Seaman, 2006).  

All modern computer-based learning-environments are connected through Web. It is important to note, that in 

last twenty years the Web followed a drastic evolution. Initially, the Web (so called Web 1.0) was conceived 

as a content Web, with on-demand information delivery flowing from the Web to the consumer or reader. 

Web 1.0 was not interactive at all and suitable for slow internet connections and non-profit information age. In 

contrast with it, Web 2.0 is generally regarded as the social Web, or the Web of user interaction and 

contribution.  Web 2.0 gained its popularity thanks to its social nature enhanced by services like Wikipedia, 

Facebook, Flicker, YouTube and Skype. It allows tremendous opportunities for sharing text content, photos, 

audio and video by a world-wide audience of Internet user. Finally, since 2008 the world started speaking for 

Web 3.0 - the semantic Web. Like its predecessor Web 2.0, Web 3.0 will include previous mechanisms for 
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information delivery but will add at the same time location-aware and moment-relevant Internet (Armstrong, 

2009). Steve Spalding describes Web 3.0 as a set of "highly specialized information silos, moderated by a cult 

of personality, validated by the community, and put into context with the inclusion of meta-data through 

widgets" (Spalding, 2007). 

In the context of Web 2.0, many virtual learning environments (VLEs) have been developed and practically 

used. A VLE is any education Web-based software system which represents conventional education by 

integrated set of equivalent virtual concepts for management of classroom, student groups, homework, tasks, 

assessment and other learning activities such as project collaboration and educational games. Virtual learning 

environments integrate heterogeneous technologies - from content management system and virtual classrooms 

to videoconferences and computer games, and multiple pedagogical approaches. Thus, they often overlap with 

physical environments (Dillenbourg, 2000). 

3.1.4 Adaptive e-learning 

According the initial design of adaptive e-learning, content of an adaptive course should be suitable for 

students with different profiles (Brusilovsky, 1996). These profiles may contain information about the goals, 

preferences, knowledge level, learning style, rendering psychological profile, and more. Typically, the 

learning content is developed for some groups of students that have similar values of one or several 

parameters of the student’s profile. For more groups of students an adaptive course is designed, the more 

personalized it is. 

The learning styles of Honey and Mumford are widely used within pedagogical strategies for adaptive 

learning (Bontchev and Vassileva, 2012). Therefore, the learning stylistic character is polymorphic as far as it 

is represented by levels of affiliation to several learning styles. These levels are determined by a specific style 

test performed before starting adaptive learning.  

 

Fig. 3.2: Learning styles of Kolb versus styles of Honey and Mumford (Bontchev and Vassileva, 2012) 

The Honey and Mumford’s model is based on the theory of Kolb according to which learning process has two 

bipolar dimensions - perception (y axis in fig. 3.2) and processing of information (x axis). Thus, four styles 

can be formed by this two-dimensional coordinate system, where one of them is often dominant to the other 

styles. The model includes the following four predefined learning styles: activist (fond of new ideas and 

experiments and looking for challenges of practical tasks rather than listening to lessons), reflector (preferring 
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to observe subjects from different perspectives and to reflect about their characters), theorist (opposite to 

activist, looking for formalization, concepts and logical theories) and pragmatist (opposite to reflector, prefers 

to apply theoretical ideas into practice). Fig. 3.2 represents graphically relations between learning styles of 

Kolb (in internal circle) and Honey and Mumford found in (Munoz-Seca and Silva Santiago, 2003). The 

activist matches Kolb’s styles of accommodator and diverger and feeds from concrete experience, while the 

theorist corresponds to converger and assimilator and benefits from abstract conceptualization. The pragmatist 

corresponds to accommodator and converger and looks for active experimentation, while the reflector is 

stacked to diverger and assimilators and prefers reflective observation. 

3.2 Standards for e-learning 

At a given development level, each industry reaches sufficient maturation for starting invention of standards 

and putting them in practice. The same goes for IT idustry, as well. As stated in one survey about IT sector 

survey in The Economist: "Railways, electricity, cars and telecommunications all learned to love standards as 

they came of age. At a certain point in their history, it became clear that rather than just fighting to get the 

largest piece of the pie, the companies within a sector needed to work together to make the pie bigger. Today, 

the IT industry is finally getting the standards religion." (Siegele, 2003). 

Standardization and standards for e-learning aim at establishing a fixed data structure and communication 

protocols for e-learning work processes. Their efforts are aimed in facilitating the reuse of learning objects 

within instructional course creation process and to make possible interoperability between e-learning systems 

(Anido et al, 2002). 

Another positive issue of compliance with standards is ensuring portability of e-learning systems and tools 

across various vendors’ platforms. Norm Friesen (Friesen, 2004) defines the standards as “documented 

agreements containing technical specifications or other precise criteria to be used consistently as rules, 

guidelines, or definitions of characteristics, to ensure that materials, products, processes and services are fit 

for their purpose”. He underlines that compliance with standards is not a guarantee of quality product.  

3.2.1 Standardization organizations 

Worldwide, there are three major organizations establishing e-learning standards, namely:  

 IMS (Instructional Management Systems) Global Consortium 

 IEEE LTSC (Institute of Electrical and Electronics Engineers, Inc., Learning Technology Standards 

Committee), and  

 ISO/IEC (International Standards Organization/International Electro-technical Commission).  

The IMS Global Learning Consortium, Inc., or IMS, “develops and promotes the adoption of open technical 

specifications for interoperable learning technology” (Friesen, 2004). The IEEE is “a non-profit, technical 

professional association of more than 380,000 individual members in 150 countries”. The ISO is a 

standardization body founded in 1946 under the auspices of the United Nations and responsible for creating 

standards in computers, communications and other areas. The IEC “prepares and publishes international 

standards for all electrical, electronic and related technologies”. 

As well, there are other standards organizations contributing to development of standards as national, regional 

or domain standards bodies such as Alliance of Remote Instructional Authoring and Distribution Networks for 

Europe (ARIADNE), ANSI (American National Standards Institute), CEN-ISSS (European Committee for 

Standardization-Information Society Standardization System), the Aviation Industry CBT Committee (AICC) 

and the Advanced Distributed Learning (ADL) Initiative. 
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There will be outlined three important standards having great influence on development of e-learning systems: 

ADL SCORM, IEEE LOM, IEEE Learning Technology Systems Architecture (LTSA) and IMS Learning 

Design. 

3.2.2 ADL shareable content object reference model 

The Shareable Content Object Reference Model (SCORM) was created by the ADL initiative as a set of 

technical standards for e-learning software products. It defines relationships between educational components, 

data models and protocols so that the content of learning objects can be shared across systems provided it is 

compatible with its model (SCORM, 2009). SCORM may be viewed as a "reference model" that integrates a 

set of interrelated technical standards, specifications and guidelines designed to meet the high demands on 

teaching content and Web-based training systems. The ADL requirements forming the foundation of SCORM 

are as follows (ADL, 2004): 

 Accessibility - the ability to locate and access instructional components from any remote location and 

to deliver them to any other location; 

 Adaptability - instructions are able to be tailored to any individual or organizational need; 

 Affordability - efficiency and productivity are increased by reducing both time and costs for 

instruction delivery; 

 Durability - supposes no costly redesign, reconfiguration or recoding because of technology evolution; 

 Interoperability - instructional components should be transferrable to any location with different sets 

of tools or platforms; 

 Reusability - instructional components should be able to be incorporated into multiple applications 

and contexts. 

 

 

Fig. 3.3: Structure of a typical SCORM package 

The entire collection of specifications and standards of SCORM is grouped into three main pieces. The first of 

these - Content Aggregation Model (CAM) - describes the types of objects of content, how to repackage these 

items in order to be exchanged successfully by various systems. SCORM specifies how content should be 
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packaged in a self-contained directory or a ZIP file as a so called Package Interchange File (PIF). The PIF 

contains an XML manifest file at root level, containing information about the delivery of the content. 

The second document - Run-Time Environment (RTE) – provides the requirements of training necessary to 

ensure interoperability of content and other similar systems. The run-time specification states that all content 

must be web deliverable and it is always launched by the LMS in a web browser. Fig. 3.3 outlines the basic 

structure of a typical SCORM package. The SCORM package elements (or items) follow the organization of 

e-learning content. Items may point to e-learning resources such as either Shareable Content Objects (SCOs) 

or learning assets. While assets are simplest resource like static HTML pages, a SCO is a more complex 

resource that communicates with the LMS through the SCORM run time environment. 

The last SCORM document – named Sequencing and Navigation (SN) –provides a method for presenting a 

workflow plan of learning process. A part of this document is based on the IMS Simple Sequencing 

specification. It defines sequencing rules giving to the content author various functionalities such as: 

 to determine navigational user controls like previous/next buttons, navigable table of contents, etc.; 

 to specify certain actions as prerequisites for execution of other activities; 

 to create optional sections and provide weights of test questions; 

 to return the learner back to instructional material for remediation. 

3.2.3 IEEE learning object metadata 

In 1996, IMS together with ARIADNE start joint development of Learning Object Metadata (LOM), 

approximately at the same time with the advent of the Dublin Core Metadata initiative (DCMI, 2009). 

Subsequently, development process is directed to the IEEE LTSC, which after many drafts and amendments 

publishes it as an official IEEE standard. Its purpose is to enable educational materials to describe 

standardized metadata. These metadata should support students and teachers in finding and retrieving relevant 

learning materials in an easy and effective way. Furthermore, it provides the technical basis for the 

interoperability of learning materials between different systems for e-learning.  

LOM identifies 83 items covering a wide range of characteristics associated with learning objects. These 

elements are arranged in a hierarchical structure (Friesen, 2004). The LOM scheme contains each category of 

Dublin Core and extends it to a set of attributes that can adequately describe the subject. LOM is a standard in 

which the semantics of metadata are independent from their syntactical representation (Duval et al., 2002). 

The preferred IMS community syntax for encoding conceptual data schemas is the Extensible Markup 

Language (XML), while description of LOM metadata is defined in XML Schema. Fig. 3.4 provides the 

conceptual data schema of Learning Object Metadata (Friesen, 2004). LOM elements are separated into 

several main groups as general description of the learning object, its lifecycle, meta-Metadata (information 

about the metadata instance), technical requirements and characteristics, educational and pedagogic 

characteristics, intellectual property rights and conditions of use, relationship with other learning objects, 

annotation comments on the educational use ad, finally, classification according a particular classification 

system. 
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Fig. 3.4: Conceptual data schema of Learning Object Metadata (Friesen, 2004) 

3.2.4 IEEE learning technology systems architecture 

IEEE Learning Technology Systems Architecture (LTSA) is a framework for designing and comparison of 

various systems for technology-enhanced learning. By identification of critical interoperability interfaces and 

services, it helps designing and implementation of reusable, cost effective and adaptable components and 

subsystems (Bontchev and Aleksieva-Petrova, 2005). The standard is projected to be neutral respecting 

different pedagogical models, ways for content representation, inter-cultural differences and technological 

platforms. 

 

Fig. 3.5: LTSA system components (Bontchev and Aleksieva-Petrova, 2005) 
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There are defined five abstraction-implementation layers: level 1 - Learner/ Environment Interactions; level 2 

– Learner-Related Design Features; level 3 - LTSA System Components; level 4 - Stakeholder Perspectives/ 

Priorities and level 5 - Coding, APIs, and Protocols. Only layer 3 (system components) is normative in the 

LTSA standard (Igras, 2003). This makes possible to discuss an abstraction (the LTSA system components - 

layer 3), independently of an implementation (the coding, API’s, and protocols of an actual implementation - 

layer 5). The standard itself describes the processes, stores, and flows of the Learning Technology Systems 

Architecture as shown in fig 3.5. 

There are two LTSA system’s stores components: the learner records and the learning resources: 

 Learning records, according IEEE specification, are a data store that may include representations of 

knowledge, presentations, tutorials, tutors, tools, experiments, laboratories, and other learning 

materials; 

 Learning resources represent a data store that may include representations of knowledge, 

presentations, tutorials, tutors, tools, experiments, laboratories, and other learning materials. 

The IEEE defines four conceptual main processes: 

 Learner Entity - may represent a single learner, a group of learners learning individually, a group of 

learners learning collaboratively; 

 Evaluation –may produce measurement(s) of the learner entity; 

 Coach - may incorporate information from several sources, such as the learner (learning preferences), 

evaluation process (assessment information), learner records (performance, preference, etc.), and 

learning resource (query and catalog information); it may use this information to search (query) and 

select (locator) learning content (via the delivery process and multimedia) for learning experiences; 

 Delivery - may transform information obtained via learning content into a presentation, which may be 

transferred to the learner entity via a multimedia. 

The four processes communicate each others with 13 flows, such as learning preferences (a 2-way data flow 

representing exchange (e.g., negotiation) between the learner entity process and the coach process), behavior 

(a data flow from the learner entity process to the evaluation process that represents information about the 

learner's activities, which may be used by evaluation process), assessment information, learner information 

(current, new and history), query (a set of search criteria), catalog information (the result of searches of the 

learning resources), locator (identifies/points to learning content), learning content, multimedia, interaction 

context.  

3.2.5 IMS question and test interoperability 

Nowadays, the growing online learning community poses a lot of requirements to modern LMS. When 

building a high-quality assessment system as a part of an integrated LSM, designers must allow LSM users to 

do the following (Petrov and Bontchev, 2004): 

 Authors - to build online learning content; 

 Administrators - to manage and distribute content; 

 Learners - to interact with and learn from the content. 

The IMS Question and Test Interoperability (QTI) specification describes a basic structure for the 

representation of question (item) and test (assessment) data and their corresponding results reports. Therefore, 

the specification enables the exchange of this item, assessment and results data between Learning 

Management Systems, as well as content authors and, content libraries and collections (IMS, 2006). The QTI 

specification is given by IMS in XML format and, thus, it promotes widest possible adoption. It is extensible 
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and customizable in order to permit immediate start-up for any type of systems. Like all IMS specifications, it 

does not limit product designs by specifying any interfaces, pedagogical paradigms or technologies.  

 

Fig. 3.6: IMS Content Framework (Petrov and Bontchev, 2004) 

According QTI, a test is an instance of an Assessment. Assessments are assembled from Items that are 

contained within a Section to resemble a traditional test. Moreover, Assessments might be assembled from 

groups of Items. The Items should be logically related and are called Sections (IMS, 2006). Thus, 

Assessments are composed of one or more Sections, which themselves are composed of Items, or more 

Sections. Content that is packaged in a known manner and file format, and with sufficient supporting 

information, is well accepted from the online learning community. In fig. 3.7 there are presented semantic 

aggregation levels in the Learning Design Level C specification of the IMS learning consortium, which 

includes members from educational, commercial and government organizations. 

 

Fig. 3.7: Semantic aggregation levels in the Learning Design Level C specification (IMS, 2009) 
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3.2.6 IMS learning design 

IMS Learning Design (IMS LD) is a specification of a formal meta-language which deals with instructional 

design of educational content (IMS, 2009). It is based on the Educational Modeling Language (EML), 

developed by the Open University, the Netherlands. Its purpose is to present an overview of learning 

materials, participants in learning processes and gained outcomes. IMS LD focuses on the organization of 

learning activities. In this specification, the course e-learning is presented as a set of learning activities taking 

place in a certain order either alone or within working teams or social networks. 

The components of the IMS LD specification (IMS, 2009) is a conceptual model, data model, best practices 

and guidelines for use of technology for information modeling. The information model of IMS-LD is 

structured in three incremental implementation levels, namely A, B and C. Level A includes the vocabulary 

used to describe roles, static learning activities' sequencing, environment and resources. By using acts, IMS-

LD allows establishment of synchronization points for learning processes of different learners.  Sequencing is 

defined by combinations of acts, activities, and activity structures. IMS-LD activity structures make possible 

definition of rules for choosing activities and performing them in strict or any order. Level B adds properties, 

variables, conditions, global elements and monitoring services for dynamic execution of scripts. Additionally, 

level C adds notifications that may be triggered by certain events and incur further changes in the enactment. 

Fig. 3.7 represents the semantic aggregation levels in the Level C specification of LD. 

3.3 E-learning systems and platforms 

Modern trends in virtual learning environments (VLEs) fuel development of software systems and platforms 

for Computer-Supported Collaborative Learning (CSCL). They helped outlining E-Learning 2.0 as traditional 

e-learning combined with social learning through usage of social software such as blogs, wikis, podcasts and 

virtual worlds like Second Life. Nevertheless, many of e-learning approaches apply to so called blended (or 

hybrid) learning by combining traditional face-to-face classroom methods with modern computer-mediated 

activities. Finally, European Commission proposed the term Technology Enhanced Learning (TEL) as e-

learning with socio-technical innovations and practices independent of time, place and pace (TLRP-TEL, 

2009). TEL tends to grow up with development of Web 3.0 following four major issues: 

 Proactivity – modern e-learning systems will be based on autonomic and proactive Computing 

facilitated by new agent technologies (Ermolayev, 2004) 

 Semantics – available through semantic technologies like RDF, RDFS and OWL 

 Services –software available as a service (SaaS), SOA and cloud computing 

 Intelligence – supported by machine learning, data and Web mining, and both computational and 

business intelligence. 

3.3.1 Learning management systems  

The term Learning Management System, abbreviated as LMS, is often applied to denote an educational 

environment such as a Virtual Learning Environment (VLE). As well, it is used as a synonym of Course 

Management System (CMS) though LMS is much broader term. According a recent survey in LMS 

(McIntosh, 2012), six largest LMS product vendors constitute more than a half of the market. Such companies 

are SumTotal (including GeoLearning), Saba, Meridian, Outstart, Plateau (now SuccessFactors/SAP) and 

Learn.com (now Taleo/Oracle). The largest LMSs in the education sector are Blackboard, Desire2Learn, 

WebCT and Moodle (open source).  
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LMSs are divided into two main categories: 

1. Corporate LMS - usually include means for e-Learning management and delivery plus registration 

and management of classroom instructions (McIntosh, 2012). Some corporate LMSs embed also e-

Commerce tools and may include management of competency, performance, human capital and 

talents which relates them to Human Resources Management systems. Course authoring and content 

management might be included here only as parts of a learning content management system (LCMS). 

2. Education LMS - broadly used for online learning; for that purpose, they usually include course 

authoring tools and content management features. Therefore, they are often referred as LCMSs, CMS 

or Virtual Learning Environments (VLE). 

In (McIntosh, 2012), there are outlined the most common features of a CMS, as follows: 

 Online launching and tracking of a e-learning course 

 Management of classroom instructions - included mostly into more advanced corporate LMSs 

 Blended learning - mix of online and classroom instructions 

 Talent management - only corporate systems may have such tools for recruitment, performance 

management, compensation and benefits and career planning 

 Communication and collaboration - social learning and networking in the scope of Web 2.0 

 Learning development tools - mostly for authoring and publishing; typical LCMSs and education 

LMSs. 

 Content management of courseware - usually only for LCMSs 

 Assessment and testing tools - only for education LMSs 

 Virtual classrooms, Billing, Mobile learning 

Traditionally, LMS are distributed as software to be installed on a private computer or network. Nowadays, 

more and more LMS are offered as SaaS (Software as a Service), or in both ways. 

3.3.2 Adaptive hypermedia systems 

Adaptive Hypermedia Systems (AHS) use models and techniques for adaptive content delivery. They are 

widely used for technology enhanced learning together with applications for adaptive e-learning, intelligent 

tutoring, adaptable multimedia delivery and adaptive computer games. AHS are entirely oriented to individual 

learner profiles. In the context of e-learning area, AHS deliver hypertext and hypermedia content which is in 

line with particular set of parameters of individual learner profile or group of learners (Dagger et al, 2005).  

Adaptation control techniques 

Adaptive content delivery must be executed in accordance with a pedagogical strategy. Thus, in order to 

assure high quality of an adaptive course it has to embody sufficient number of teaching strategies. Such 

strategies are supposed to be appropriate for different types of students diversified according learning style, 

level of knowledge, shown performance, preferences and specific goals, learning history or learners needs, 

etc. (Vassileva and Bontchev, 2006; Bontchev and Vassileva, 2009-1). Strategies are realized by techniques 

for controlling adaptation such as adaptive navigation and adaptive presentation, which may vary in terms of 

techniques for software realization such as link annotations, sorting and generation, as shown in fig. 3.8 

(Brusilovsky, 2001). Conlan adds to these techniques that of adaptive content selection (Conlan, 2003). 

Another less frequently used method for the realization of adaptive content delivery is by using automatically 
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generated curriculums for each student according to his/her profile or through definition of education 

storyboards, applying appropriate instruction strategies and methods. Except adaptation techniques, AHS must 

choose parameters of the student profile which are to be used for controlling adaptation process and to be 

consistent with the applied teaching strategies. Some researchers emphasize the content adaptation to current 

learner skills and level of knowledge (Karagiannidis and Sampson, 2002), while others include as well other 

parameters such as learning history, learners’ needs, learning styles of given style family, goals and 

preferences (Velsen, 2008).  

 

Fig. 3.8: Adaptation control techniques (Brusilovsky, 2001) 

 

Existing adaptive hypermedia systems 

In recent years, the field of adaptive e-learning systems marks significant progress with the emergence of 

many new applications, realizing and reflecting new trends in this area, and improvement of old ones. Some 

adaptive e-learning platforms enabling to define different teaching strategies in one course are as follows:  

 NetCoach (Weber et al, 2001) – similarly to above system knowledge of each course are organized in 

a network of concepts. Links between them are two types. The first type shows what additional 

concepts are needed to acquire a certain term. The second type indicates that a concept is assumed to 
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be acquired by a student if he/she has already learned several others. The NetCoach implements 

adaptation to learner knowledge and goals, but it does not support adaptation to learning styles; 

 PERSO (Chorfi and Jemni, 2004) – it is an adaptive e-learning system based on processing and 

natural language recognition. It uses sophisticated techniques to understand the information entered 

by students and their requirements and on this bases the system constructs a curriculum. PERSO does 

not support standards for learning content and course packaging and adaptation to learning styles; 

 The Distributed e-Learning Center (DeLC) is focussed on providing distance e-Learning and e-

Teaching facility available to individual or grouped students in both synchronous and asynchronous 

modes (Stojanov et al, 2005). The DeLC platform focuses at the development of service-oriented e-

Learning infrastructure and provides adaptation to learner's knowledge assessed by means of tests; 

 AHA! (De Bra et al, 2006) - educational content is stored in fragments, pages and concepts. Pages are 

represented as XML files. The pages contain information about different concepts and their 

relationships. Moreover, pages are composed of fragments, for each of which are defined conditions. 

These conditions specify whether a fragment will be visible to a learner. In this system, as in 

InterBook adaptation is implemented again only to knowledge of students; 

 semantic-oriented functional module for personalized and adaptive access to knowledge in a 

multimedia digital library (Paneva et al, 2008) - uses rules/instructions that determine a wide range of 

activities designed to correlate certain user characteristics, preferences, and behavior. These 

characteristics are used for system personalization and adaptation. 

Field trial results about the level of adaptivity reached at existing adaptive e-learning systems show there are 

still many challenges in front of building effective AHS for in mass practical usage. 

3.4 E-learning through educational computer games 

Nowadays, technology enhanced learning tries to overcome problems with steadily decreasing interest of 

pupils and students in traditional instructional design of courseware for school, university and live-long 

learners. Modern e-learning enhances educational process with multimedia content such as audio, video, 

simulations and games. Educational games represent an attractive well proven mean for attracting attention 

and interest in given course topic. Being at the same time entertaining, educative and cognitive, games do 

complement traditional instructional learning design (Bontchev et al, 2011-2). These educational games can 

be seen as a means for determining several of learning activities, for one or more players, with predictable 

outcome, where goals, constraints, rules for payoff, and consequences are precisely defined. Games have 

already been used successfully in school and university education as well as in professional training courses, 

for improving students' knowledge by appealing them to solve various problems of given scientific domain 

and for improving creative thinking (Salen and Zimmerman, 2003). 

3.4.1 Modern game based learning 

Precise game-based learning needs accurate definitions of predictable outcome, where goals, constraints, rules 

for payoff, and consequences. First Mark Prensky (Prenski, 2006) has analyzed and summarized the most 

important characteristics of computer games applied as a mean for learning: 

 Games give to learners pleasure and emotions during the game play 

 Games encourage learner creativity by including conflicts, competitions and problem solving  
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 Games motivate learners by using well-defined rules and setting tangible goals 

 Games engage the player ego by appealing states of win 

 Games are interactive and may be adaptive which challenges the learner 

The advantages of educational games make many authors to speak about so called edutainment (education 

plus entertainment). Some of the most popular types of educational games used nowadays are quizzes, puzzles 

and problem solving games. Quizzes are popular as word games with educational goal thanks to their easy 

implementation. They can be used by students and teachers for self-assessment tests and control exams. 

Besides assessment of knowledge, they are purposed for producing more fun and increasing motivation for 

learning (Retalis, 2008). For this reason, some of the educational logic and word games are implemented as 

combinations between board games and quizzes. This type of games usually uses board rules for navigation 

within a quiz. Thus depending on his/her position on the board, the player gets a question with a certain 

complexity. Educational quizzes could be developed and managed using different existing tools such as Quiz 

Center and Quiz Builder (Bontchev et al, 2011-2). These tools have opportunities for automatically evaluating 

students’ answers, some of them automatically generate questions from curriculum and other use authoring 

tools to create quizzes. Thus, a quiz may be viewed as board games, which suppose moving figures across a 

surface (board or a map) using counters (Bontchev, 2010). Some quiz games apply board rules for navigation 

within a quiz in order to move from one question to another and for controlling choice of question complexity. 

There were developed some adaptive board games such as ELG (Retalis, 2008). In the ELG different learning 

scenarios could be presented in the form of board games, through which students are expected to improve 

their performance and extend their knowledge. Games created with the ELG can be customized on different 

parameters such as learner’s level of knowledge, preferences and educational goals. Some other systems use 

adaptive navigation to increase learners’ knowledge by selecting most important topic of training.  

Generally educational word and board games use rule-based approaches for navigation through its board and 

require detailed knowledge of the subject concerned (Retalis, 2008). It could be used different strategies for 

selecting a question, its level of difficulties and area of knowledge, depending on the learner/player profile 

(goals and preferences, learning style and performance). 

3.4.2 Types of educational games 

Educational games may vary in type, audience, software platform, etc. In (Aleksieva-Petrova et al, 2011), a 

Game Ontology Model (GOM) was proposed and organized into several high-level classes that correspond to 

the various kinds of things that it describes. We de-fine in high-level a class hierarchy of conceptual entity 

Game which basically consists of different types of subclasses: 

 Platform Game (games for specific platform);  

 Age Rated Game (games for specific age group); 

 Classified Game (games with specific purpose); 

 Genre Game (games from specific genre). 
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(a)   (b)    (c) 

Fig. 3.9 Age group classes (a); Game Classification (b); Platform classes (c) 

Each of these high- level classes is defined as OWL classes that can be used to organize many subclasses. We 

expand classes and create deeper class hierarchy. In fig 3.9 (a) is shown an age rated class hierarchy which is 

based on The Independent Game Rating System (TIGRS). It is a free self-rating system for video game 

entertainment products which educate audiences of the game about potentially objectionable content in games. 

Figures 3.9 (b) and 3.9 (c) represent taxonomies of games and game platforms.  

In order to define the relationships between we defined the following fundamentals modifiers and predicates:  

 Video Game is related to Video Game (games that take place in the same game universe - symmetric);  

 Video Game is alternative to Video Game (games that use the same characters/universe/story but do 

not relate to one another – symmetric);  

 Video Game for platform Platform;  

 Video Game from genre;  

 Video Game for age group Age Group;  

 Video Game classified as Classification.  

Moreover, (Aleksieva-Petrova et al, 2011) defines some restrictions based on the presence of certain values 

for given properties. For example, the different restrictions have been defined for multi or single platform:  

 Multiplatform: a Video game that is released for more than one platform  

 Single platform: a video game that is released for only one platform  

Finally, board games system design may include game engine controlling single users playing the game alone 

or against an artificial intelligence agent which plays as a real opponent (Bontchev et al, 2011-1). In many of 

the cases games are played as multi-player games enabling participants to learn interactively one from another 

while playing for fun. However, design and construction of multi-player games are rather complex than these 

of single-player games due to player synchronization and communication issues. 

3.4.3 Trends in educational games’ development 

 

Agents 

Educational games can be played in various ways - by multiple users together, by a single user alone as a 

normal quiz and even by a single user against a simulated player - by means of an intelligent, software agent. 

Many classifications of software agents have been proposed in the last decades. In (Jennings et al, 1998) there 

are presented two notions – weak and strong – of characteristics that determine a software or hardware module 
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as an agent. The weak notion includes the properties of autonomy, social ability (communication), reactivity, 

and pro-activeness. The strong notion adds to these characteristics the notion of mental components such as 

beliefs, desires, intentions, knowledge, etc. The authors propose their definition: “an agent is a computer 

system, situated in some environment that is capable of flexible autonomous action in order to meet its design 

objectives”.  

Other authors provide slightly different definitions shifting the focus on one or other group of characteristics. 

Usually, common concepts include the following (Varbanov et al, 2007): 

 persistence (code is not executed on demand but runs continuously and decides for itself when it 

should perform some activity) 

 autonomy (agents have capabilities of task selection, prioritization, goal-directed behaviour, decision-

making without human intervention); autonomous agents are self-contained and capable of making 

independent decisions, and taking actions to satisfy internal goals based upon their perceived 

environment 

 social ability (agents are able to engage other components through some sort of communication and 

coordination, they may collaborate on a task) 

 reactivity (agents perceive the context in which they operate and react to it appropriately). 

The design of intelligent software agents is a branch of artificial intelligence research. Capabilities of 

intelligent agents include (Bontchev et al, 2011-1): 

 ability to adapt - adaptation implies sensing the environment and reconfiguring in response. This can 

be achieved through the choice of alternative problem-solving-rules or algorithms, or through the 

discovery of problem solving strategies. Adaptation may also include other aspects of an agent's 

internal construction, such as recruiting processor or storage resources. 

 ability to learn - learning may proceed through trial-and-error, then it implies a capability of 

introspection and analysis of behavior and success. Alternatively, learning may proceed by example 

and generalization, and then it implies a capacity to abstract and generalize. 

Software agents are already proven as an architectural approach for building distributed, flexible (sometimes 

open) software applications. This approach definitely has its place in the area of serious games as far as it fits 

quite naturally to human’s way of thinking about virtual world and different stakeholders. As already noted in 

(Varbanov et al, 2007), intelligent agents can be used in games taking the following roles: 

 Simulation engine modules - at least some of the autonomous processes of the simulation engine 

could be designed and implemented as software agents, they act on behalf of the game. They are part 

of the simulation machine and typically they have relatively constant behavior and are included in 

every game run. 

 Competitive non-human players - these agents take the role of players, competing with the human 

players. Typically, their number, type and behavior can vary from game run to game run. The game 

moderator instantiates and sets these agents to achieve specific indirect influence onto the human 

players. Thus it can be said that they act on behalf of the game moderator. 

 Collaborative non-human players - in long time running games, such agents can be used to do routine 

tasks on behalf of the human player. 

 Human player’s advisors - agents providing human players with hints, advice and additional 

information when needed or requested. They act on behalf of game’s mentor. 
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Therefore, there is diversity of agent’s roles observed. Let us note that agent’s complexity could also vary 

greatly. For example, in a board game with limited state space, the agent might exploit well known state space 

search procedures, e.g. min/max or alpha/beta procedures for opponent’s role. In this case the agent would be 

relatively simple. And at the other side, in a game with high complexity and very large and multidimensional 

state space, the agent probably will have to deal with a virtual world model; with knowledge about the game; 

with adaptation and learning; even with a model of itself if it acts in a community of social agents (Bontchev 

et al, 2011-1). 

 

Mobile games 

With the invasion of mobile phones and handheld devices, there are applied more and more mobile games for 

technology enhanced learning. Mobile learning is defined by Norris and Soloway (Norris and Soloway, 2009) 

as education, which is independent from time and places and the content is offered by portable video devices 

using wireless transmission. With the invasion of mobile phones and handheld devices, more and more mobile 

games are applied for technology enhanced learning. Taking into account the widespread use of mobile games 

from children and adults, it follows that mobile games and especially educational games are expected to be 

extremely attractive to all students and people who are concerned about lifelong learning. That is why mobile 

educational games are becoming more and more considered to have a promising role in education process 

(Milovanović et al, 2009).  

Mobile game genres vary from action, sports, skills and logic, to cards, board and role-playing games 

(Shiratuddin and Zaibon, 2010). From these genres, logic games such as puzzles, mazes and word games 

appear to be most useful for MGBL as far as they are focused on development of skills and acquiring facts 

and new knowledge. Such educational games may be played in single player mode, though multi-player 

games are more appealing thanks to the opportunity to play against other learners. 

Mobile game development is much more difficult than Web and desktop game implementation due to the 

limitations of mobile devices such as small screen size, lack of normal keyboard and mouse, and limited 

memory and processor power. For its mass invasion in education, there should be overcome the lack of 

specialized educational mobile games using content of specific knowledge domains. Therefore, the domain 

content should be structured for making it appropriate for game construction by providing means for semantic 

descriptions and relationships of the course terms and concepts. Moreover, a semantic organization of the 

domain content makes it reusable for incorporating into further games in a dynamic way – meaning the game 

engine should be able to extract semantic properties of a concept and inter-concepts relationships on-the-fly 

using the semantic model. Thus, there should be chosen appropriate means for semantic representation and 

organization of the content model for given domain. 

 

Semantic structuring of learning content 

A domain model represents a restricted part of the real world in an abstract way, by means of concepts, their 

properties, and inter-concept relationships. While properties specify characteristics of a concept, relationships 

set contextual dependencies between concepts. The domain model of a learning course captures common 

understanding of the courseware content and creates a basis for unambiguous communications to the learners 

(Bontchev et al, 2011-2). 

The most popular approaches for domain modeling are schemes such as taxonomy, lexicon, thesaurus and 

ontology. Taxonomy gives only a hierarchical structure of domain content, without any relationships between 

conceptual types (terms). Relating concepts from general to specific ones uses a top-down specialization 

approach. As far as the collection of concepts uses only hierarchies based on inheritance (IS_A relationship), 
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associative relationships (of type HAS_A) are not a feature of a taxonomy in general. Therefore, taxonomies 

are more appropriate for classification of resources rather than for power domain models (Brewster and Wilks, 

2004).  

Thesaurus is a structured vocabulary most used for retrieval of resources with consistency in indexing. The 

notation of a hierarchical relationship is "Broader Term" (hypernym) and "Narrower Term" (hyponym). 

Unlike taxonomy, a thesaurus allows definitions of associative relationships by so called "Related Term". 

Thesaurus standards define 13 types of associative relationships such as action and its product, concepts 

related to their origins, etc. Besides hierarchical and associative relationship types, thesaurus uses equivalence 

relationship, as well. All relationships in a thesaurus are reciprocal. Thanks to their properties, thesauri are 

used mainly for indexing and information resource retrieval. A search query can be expanded in a way 

covering equivalent and related terms. 

Unlike thesaurus, ontology structures knowledge content in a much more specific way in describing the nature 

of the relationships of the domain terms. In provides a formal, explicit specification of a shared 

conceptualization. In the context of Semantic Web, Allemang and Hendler give definition of ontology as “a 

set of knowledge terms, including the vocabulary, the semantic interconnections, and some simple rules of 

inference and logic for some particular topic” (Allemang and Hendler, 2008). Thanks to the formal 

specification, the ontology approach is much more used for describing semantic models than taxonomy and 

thesaurus. RDF Schema is a recommendation by the W3C and defines a simple ontology representation 

language modeling concepts and properties, and restricting domain and range of concepts (Allemang and 

Hendler, 2008). OWL (Web Ontology Language) is a XML language developed by W3C for representing 

ontologies defining data type properties, restrictions (e.g., cardinality), more detailed range and domain 

specifications, properties types - such as transitive, symmetric, inverse and functional, boolean combinations, 

enumerations, and also class unions, intersections and complements. Ontologies have a wider application than 

taxonomies and thesauri. They are used for automated inferencing, intelligent information retrieval of 

educational content - e.g. to find resources dealing with some inter-related concepts, for scalable content 

reuse, and for mediation between different terms (as far as an ontology defines the meaning of a concept).  

In general, ontologies are best suited for facilitating interoperability, content repurposing and integrating 

diverse platform-specific content models. However, ontology development has become the major bottleneck 

in scaling up semantic annotations because it requires a great number of professionals in the area plus 

powerful modeling tools. OWL is designed to be treated by information systems rather than by humans. It is a 

formal language facilitating automatic reasoning but the lack of appropriate graphical notation hampers is 

common usage by humans. Unlike OWL, UML (Unified Modelling Language) is primarily designed for 

integration of existing object-oriented design methods as a language to be used by both humans and tools 

(Pilone and Pitman, 2005). UML class diagrams directly relate their elements with the parts of a usual 

ontology (classes, mono- and poly-hierarchies, class attributes, relationships and axioms). A great advantage 

of UML concerning class hierarchy design consists in usage of non-monotonic inheritance applied to classes 

and to class metadata – the monotonous propagation of some class attributes may be forbidden by declaring 

them with private scope.  

3.5 Conclusions 

Learning management systems will evolve more and more in direction of greater personalization and 

adaptation to needs, knowledge and styles of individual learners. Adaptive hypermedia platforms continue 

being a challenge in modern development of technology enhanced learning. The main drawbacks of the 

considered adaptive hypermedia systems are basically two - lack of effective support of adaptation to learning 

styles and lack of a convenient graphical interface with which a course instructor can monitor how the course 
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will proceed for different learners - most systems provide a scheme of relationships between concepts and 

learning objects, but by it is not clear how it will conduct the training process. 

This chapter addressed practical approaches for design and construction of courseware delivery with 

adaptation on one hand to learning style and, on the other hand, to knowledge level (i.e., to student 

performance). The approaches should be used for implementation of modern AHS, for a better effectiveness 

of the adaptation to learning style and knowledge. While adaptivity to learner style may be achieved on the 

base of explicit learner pre-tests and adaptive navigation within the storyboard graph, adaptivity to learner's 

performance may be implemented via adaptive content selection by using assessment results at each control 

page of the course in order to select LOs with appropriate level of complexity for a given learner. Both the 

types of adaptation are managed by the adaptation control engine of the ADOPTA platform as presented next 

in this work. 

Concerning game based learning, the chapter outlined needs of semantic models for structuring educational 

content and, on the other hand, of intelligent agent technologies and software tools as a good ground for 

further development of other word and board games. For stream-line usage of educational games in 

technology enhanced learning, instructors need software tools and frameworks for an effective game system 

design using course content of particular domain. Semantic structuring of educational content will facilitate its 

usage in game design and will help a lot rapid and facile creation of games appropriate for e-learning 

purposes. OWL and UML/OCL are two languages used for semantic domain modeling but providing rather 

different modeling power, level of intuitivism, visual paradigms, limitations and tool support. Nowadays the 

Eclipse environment transforms UML and formal OCL (Object Constraint Language) descriptive models to 

OWL and vice versa conforming to the OWL/XML and UML 2.0 presentation syntaxes, by using for it OMG 

Ontology Definition Meta-model (ODM) specification (Eclipse, 2011). Content modelers should make their 

choice on one of them regarding the purpose of the model and, not last, project scope and price.  

The presence of an agent motivates students to play better and more. As well, game designers are highly 

encouraged by the students' appreciation of the agent behavior designed within some games which may 

simulate successfully real players. Thus, more intelligent agents are expected to be constructed in order to 

incorporate them into new single- or multi-player educational games. The software complexity and 

accordingly technologies and tools needed for agents’ realization would also vary. To apply different 

technologies for every single implementation is not effective. We need a simple approach with great potential, 

possibly an open, distributed architecture. Recent advances of software technologies, stimulated by Web 

services and semantic Web areas provide approaches, tools and ideas from which we could benefit. 

Based on the design paradigms, processes and methods outlined within Chapter 2, in the scope of several 

research projects the author has designed and developed many e-learning systems and tools. Next chapters of 

this works present results from three of these research projects for construction of e-learning software leaded 

by the author, namely: 

 ARCADE (Architecture for Reusable Courseware Authoring and Delivery) 

 ADOPTA (ADaptive technOlogy-enhanced Platform for eduTAinment) 

 PRIME (Providing Real Integration in Multi-disciplinary Environments) 
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4 ARCADE – a Web-based authoring and 

delivery platform for distance education 
The present chapter provides some of the main results of the ARCADE (Architecture for Reusable 

Courseware Authoring and Delivery) project conducted at the Department of Information Technologies, FMI-

SU, under supervision of the author. These results are already presented in the articles (Bontchev and Iliev, 

2003), (Petrov and Bontchev, 2004) and (Bontchev and Aleksieva-Petrova, 2005). Special attention will be 

given to two core ARCADE modules - the assessment tool and the authoring tool. 

4.1 The need of ARCADE as an open e-learning platform 

In the beginning of last decade, there have been developed many proposals for e-learning management 

systems - from formal models to operational environments. Unlike the present days, at that time open and free 

e-learning platforms like Moodle and Claroline were rather immature and incomplete. That was the key 

reason to construct and put into practice a home-made platform consistent with the work processes followed at 

the Faculty of Mathematics and Informatics (FMI) at Sofia University St. Kliment Ohridski (SU). The 

ARCADE platform appeared as a natural consequence after many years of study and practical experience with 

LMS models and has been strongly encouraged by the newly development of standards in the area. ARCADE 

stands for Architecture for Reusable Courseware Authoring and Delivery and was developed by a team of 

researchers and students managed by the author of the present document during years 2001-2004, within the 

scope of an internal project at the Department of Information Technologies, Faculty of Mathematics and 

Informatics of Sofia University “St. Kliment Ohridski”. The goal of the project was to develop an open, 

integrated software platform for authoring and delivery of Internet-based distance courses covering the 

university needs.  

ARCADE has started being operational since year 2002 at the Department of information technology at FMI, 

SU. Since 2007, ARCADE started as a learning management system being used by the Department of 

software engineering, as well. It has been used as the only LMS for the master programs of Distributed 

Systems and Mobile Technologies, E-Business and Software Technologies in the period of 2002-2009. As 

well, many bachelor courses have been delivered via ARCADE. More than 300 students have used ARCADE 

per year as a LMS. 

4.2 Design paradigm and development process 

4.2.1 Design paradigm 

ARCADE is a distance learning platform based on international standards and specifications in the areas of e-

learning, object-oriented development, reusable knowledge and information exchange. The LSM was 

developed as a Web-based platform according the principles of OOP explained in Chapter 2 of this work. The 

Java language and Java EE 1.2 platform were chosen respectively as object-oriented language and 

development platform due to their advantages, namely openness, distributed nature, portability, reliability and 

easy maintenance.  
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Together with the principles of object-oriented analysis and design, ARCADE was developed as a modular e-

learning system with component-based architecture. The components were designed to be loosely coupled and 

with high cohesion, in order to be able to be deployed and used as standalone Java applications. Successful 

deployment and operation of some modules of ARCADE such as the assessment tool and the authoring tool 

have been proven in practice. Moreover, these modules and the platform itself are operational with various 

relational data base management servers, such as MySQL, PostgreSQL and Oracle. 

Together with the object-oriented paradigm, UML and component-based design, several other guiding system 

design principles were applied in order to make ARCADE as a operational LMS: 

 Extensive use of existing e-learning standards and specifications (IMS, IEEE LTSC, ADL SCORM, 

IEEE LOM) in order to provide interoperability and possibility for information exchange with other 

CSS based on the same standards. 

 Building an open system with high level of interoperability - by using XML import/export in order to 

reliably exchange data with different external software applications and sources of information. 

 Designing a modular architecture: different project modules are made as independent as possible by 

using well-defined interfaces that allow binding components in a configuration most closely satisfying 

the educational needs of the client organization. 

 Designing an open system architecture that is easy to extend with new functionality – by consistently 

applying UML and USDP the project is based on solid grounds for continuous future extension. 

 Platform independent application development based on reliable implementation technologies – by 

choosing the industry standard Java™, Java Server Pages (JSP™) and JDBC to access SQL databases 

(Oracle or MySQL) in order to reach an easy cross-platform portability, as main implementation 

technologies for the project; 

 Multi-tier and modular architectural model – for having system layers independent each other and, 

thus, for a high openness and light application maintenance – e.g., both the authoring and the 

assessment tools may be deployed and used as standalone applications; 

 Advanced multi language support - ARCADE allows easy and straight-forward addition of new 

languages for presenting the user interface. 

4.2.2 Software development process 

The Unified Process for software development and UML were consistently applied within the ARCADE 

project. As described in Chapter 2, the Unified Process for software development is a “generic process 

framework that can be specified for a very large class of software systems, for different application areas, 

different types of organizations, different competence levels, and different project sizes”. The Unified Process 

is component-based, and uses Unified Modeling Language (UML) for preparing all blueprints of the software 

system. These were the reasons to choose the Unified Process as the most appropriate candidate for ARCADE 

component-based system development compared with other candidates like Extreme Programming - XP, and 

Dynamic Systems Development Method, because it supports production of high quality, UML-based and well 

documented software development. These features of the Unified Process appeared to be very important for 

such an open project with many participating developers and consultants. Moreover, the Unified Process 

provides an opportunity for parallel development of different modules by concurrent teams of researchers and 

students, thanks to the well-specified workflow models with their activities, workers and artifacts. It takes into 

account the context of the project development – the educational value and additional motivation for the 

students that comes from teamwork and practical application of such “state of the art” object-oriented 
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development methodology. Though it is not ideal – implementing it in a full scope requires a lot of resources. 

That’s why – as proposed by the authors of the methodology – the process should be tailored to the individual 

project requirements. 

The ARCADE project has been developed in two stages. The first stage (ARCADE 1.0) was focused on 

providing web-based courses with a common delivery framework incorporating user and system management, 

course and curriculum management, communication facilities, and student assessment tools. These modules 

are automating the work of four different types of users – students, instructors, course administrators 

(managing the curriculum and courses), and system administrators (managing the system in a secure and 

stable state). The delivery framework is based on the metaphor for Web-based virtual classroom described in 

(Bontchev and Iliev, 2003), namely as a Web-based classroom in which learners and educators can perform 

learning related tasks such as communication, student assessment, and class management. 

The main goal of the second stage (ARCADE 2.0) was to design and implement an open, platform 

independent set of tools, automating the process of courseware authoring, flexible multimedia content 

creation, maintenance, reuse, and view personalization. The ARCADE 2.0 platform supports via Web 

interface operations of five main roles of users: students, instructors, course authors, course administrators, 

and system administrators. It includes several main modules as shown in fig. 4.1: 

 user and system management – controlling users and user groups, assigning user permissions, and 

managing system event logs 

 course and curriculum management - managing courses and course instances, assigning students to 

student groups and creating curriculum. 

 communications modules – with different communication facilities such as e-mail, chats, boards, 

virtual space, etc. 

 assessments and assignments modules - responsible respectively for assessment of students 

performance and for management of students’ course tasks and projects. 

 authoring tool - provides opportunities for XML import/export of reusable learning objects, that can 

be dynamically combined to form a curriculum, tailored particularly to unique educational needs of 

the learners with different profiles. 

 

Fig. 4.1: A general view of the ARCADE 2.0 platform 
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The ARCADE 1.0 platform was used as chief e-learning platform at Dep. of Information Technologies for the 

period 2001-2003, while The ARCADE 1.0 started being operational since 2003 and was used at the 

departments of information technologies and software engineering until 2009, when Moodle has been 

accepted as a LMS for the whole faculty. Thanks to its advanced multi language support, ARCADE version 

2.0 was available in four different language versions (English, German, French, and Bulgarian). Fig. 4.2 

shows a screenshot of the welcome page of the system. 

 

Fig. 4.2: The welcome page of ARCADE 2.0 

4.3 System analysis 

According to the use-case model of ARCADE there are five main types of users (actors) specified – Student, 

Instructor, System Administrator, and Course Administrator. Fig. 4.3 shows an example diagram presenting 

actors and part of the main use-cases in ARCADE 1.0. For ARCADE 2.0, a new role of Course Author has 

been added. 

Each actor corresponds to a default user group in the implemented system with given access to specific 

functions, and with different responsibilities. A user can participate in more than one user group, accessing all 

the functions defined for these groups. An example showing Course Administrator functions in the left panel 

is presented in fig. 4.4. A brief description of the responsibilities assigned to these default user groups is given 

below: 

 Student – uses learning resources to gain knowledge and skills, may participate in several registered 

courses, can access the course materials and the course environment, and may evaluate his/her 

performance. The students are allowed to form individual programs choosing from available elective 

courses (restrictions may be added on the minimal and maximal number of courses chosen) according 
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to their personal preferences and interests. They are organized in student groups, for the purpose of 

curriculum management.  

Instructor
System

Administrator
Course

Administrator Student

System Maintenance

Manage Student Group Form Curriculum

Chat

Assessments

Assignments

Mail News
DescussionVirtual Disk

Manage Courses

Administer Virtual

Disks and

Discussion Boards

Manage Users

 

Fig. 4.3: Main functions provided by ARCADE 1.0 for different types of users 

 Instructor – supports students during the learning process. Tasks performed by the instructor include 

creation of a course instance (course customization according to specific educational needs of students 

with a given profile) from a given course, and defining and tuning course instance environment. The 

instructors may set up the evaluation procedures - create and add tests, define assignments and other 

assessment objects, that are not included in the initial course description, review the assignments 

results, and form the final grades for the students. Fig. 4.4 represents the use case diagram of the 

Assignments (of course tasks) general use case from fig. 4.3. 

 

Fig. 4.4: Use case diagram of assignments of course tasks 
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 Course Administrator – manages courses, course instances and the curriculum, enrolls the students 

and the groups of students in a course instance, and assigns instructors to student groups. Different 

course instances may share one course as a source for learning resources. The course administrator 

defines different properties of a course instance - if it is elective or mandatory, freely available or 

paid. The curriculum is a cross table between course instances, student groups and instructors. Fig. 4.5 

represents s screenshot of management of course instance in ARCADE. 

 System Administrator – takes full control over the system, manages system resources and settings, 

creates user accounts and user groups, and assigns user permissions. In addition to default user groups 

mentioned above, she/he can create additional user groups with different permissions in order to make 

the user management more flexible. The users may participate in more then one group. The system 

administrators also monitor event logs and maintain the system in secure and stable state. 

 Course Author – creates and modifies the courses according to pre-defined models, supplies and 

manages learning object meta-data records according to LOM standard, describes the course structure 

and provides course materials by uploading resources. This user role was added in the second version 

of ARCADE and its functionality is described in more detail later in this chapter. 

 

 

Fig. 4.5: Course instance management screen in ARCADE 

 

There are also some ARCADE functions available for all registered users of the system – abilities to modify 

the personal data, to use communication facilities (such as chat, discussion board and forums) and, as well, to 

view the curriculum.  
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4.4 System design 

4.4.1 Software architecture of the ARCADE platform 

The ARCADE platform follows a loosely coupled modular architecture, where each module is separated in a 

package. As presented in fig. 4.6, there are four main packages developed during the first stage of the project: 

 Course and Curriculum Management – implementing different functions for the instructors and the 

course administrators, such as managing courses and course instances, assigning students to student 

groups and creating curriculum. Some student functionality is also included in this package – 

searching for courses, forming individual program by choosing elective courses in addition to basic 

ones, and reading course materials. 

 User and System Management – this package contains most of the functionality assigned to the 

system administrators including management of users and user groups, assigning user permissions for 

different objects in the system, managing system event logs and so on. 

 Communications – five different communication alternatives are proposed for the first prototype: 

internal e-mail, virtual chat rooms, discussion boards, news, and shared/personal space (web-based 

virtual disks). All users of the system can use them in order to collaborate (while working on a group 

course projects, for example). For some of them (discussion boards, news) there are special privileges 

available for instructors and administrators but not for students (ability to publish news for example). 

 Assessments and Assignments – the package is responsible for management of students’ performance 

evaluation. It supports the construction, modification, and management of tests by instructors, 

performing the tests by students, evaluating results according to built-in instructions, generating 

feedback to instructors and students. It provides means for automated assignment and evaluation of 

individual and group course projects, and helps the instructor to form final grades based on different 

students’ assessments. 

Assignments

Virtual 

Disk

News Discussion 

Board

CCIM

Curriculum 

Manageme

Communications
<<subsystem>>

M

ChatMail

User and System Management

<<subsystem>>

Assessments and Assignments
<<subsystem>>

Assessments

User 

Manegement
System 
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Course and Curriculum Management
<<subsystem>>
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Fig. 4.6: Architecture of ARCADE 2.0 – main packages and their dependencies 
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The open module Authoring tool is designed and developed separately for ARCADE 2.0 and is based on 

DTD/XSchema definitions of course templates, XML course content and XSL transformations. 

ARCADE was designed following the architectural model and work processes defined by the LTSA platform. 

Next two sections present how that architectural model was realized in ARCADE data store and, further, how 

are defined ARCADE work processes and information flows. 

4.4.2 The ARCADE data store architecture  

The IEEE LTSA defines the following definition of Learning Resources (Bontchev and Aleksieva-Petrova, 

2005): “A data store that may include representations of knowledge, presentations, tutorials, tutors, tools, 

experiments, laboratories, and other learning materials”. The ARCADE system defines various learning 

resources by means of database classes. Some of them are represented in an UML class diagram depicted in 

fig. 4.7. DBObject is a base abstract class for all classes that “wrap” rows from a database table. Every 

extender provides some certain methods for manipulating its specific data. All other classes (Course Content, 

Course, Course Instance, Course Instance Resources) extend this class and represent different learning 

resources.  

DBObject
(from database)

CourseInstanceResource

CourseInstanceSchedule

CourseInstance

0..*

1

0..*

1

0..1

1

0..1

1

Course
(from Course Management)

CourseContent
(from Course Management)

0..*

1

0..*

1

 

Fig. 4.7: Database classes in ARCADE defining IEEE LTSA learning resources 

The IEEE LTSA states the follow definition of Learner records: “The learner records may store/retrieve 

information about the past (e.g., historical learner records), but may also hold information about the present 

(e.g., current assessments for suspending and resuming sessions) and the future (e.g., pedagogy, learner, or 

employer objectives)….” (Bontchev and Aleksieva-Petrova, 2005). 

There are some tables in database which store learner information. It is separated in two parts. At one hand 

when the user has student rolls in system there are additional tables which include information of enrolled 

courses, grades, various events, and so on (fig 4.8). At other hands, there are tables which store data for 

personal learning details, like education, certifications, jobs, publication for every user.  

Information about the assignments of course tasks makes part of the learning records, as well. Fig. 4.9 

provides a detailed design class diagram of the Assignment module with all the classes extending the 

DBObject abstract class. In the diagram, design classes are specified with their attributes and operations. 

There are designed detailed class diagrams for all the ARCADE modules. 
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Fig. 4.8: Database classes in ARCADE defining IEEE LTSA learner records 

 

Fig. 4.9: Class diagram of the Assignment module 

4.4.3 ARCADE work processes and information flows  

As explained in previous chapter, the IEEE LTSA defines four main processes - learner entity, evaluation, 

coach, delivery, which communicated each others with flows, like: learning preferences, behavior, assessment 
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information, learner information, query, catalog info, locator (twice), learning content, multimedia, interaction 

context. The table below shows which packages of the ARCADE system do implement functionalities of the 

four LTSA processes. 

Processes 

according 

IEEE 

Package in 

ARCADE 
Description 

Learner entity User Management  

Curriculum 

Management  

Assessments and 

Assignments 

User Management package provides functions such as 

assigning user permissions for different objects in the system. 

Different functionalities are implemented in Curriculum 

Management Package as assigning students to student groups, 

searching for courses and reading course materials.  

Evaluation Assessments and 

Assignments 

There are some classes in implementation of ARCADE which 

supports pre- and post- evaluation process activities – such as 

preparation, management and customization of tests including 

random selection of a subset from all the test’s questions and 

their permutation. 

Coach Course and 

Curriculum 

Management  

ARCADE has functionality which named “My program” 

forming content based on enrolled programs. . 

Delivery Authoring Tool The tool contains and manipulates content templates with 

metadata definitions according LOM specification making 

courseware reusable for LOM-compliant e-learning tools. 

 

Table 4.1: IEEE LTSA processes implemented in ARCADE 

As mentioned above, the LTSA defines thirteen flows which are described like input or output of stores and 

processes. Every one of these flows appears as functions of some of implemented classes in ARCADE. Here 

are some examples of that assertion:  

The flow Multimedia according IEEE is represents the simultaneous presentation of several types of media, 

such as video, audio, and graphics from the delivery process to the learner entity. ARCADE’s Authoring tool 

supports reusable media element, which could be texts, images, animations, video or audio. 

The flow Learner Info is learner information which stored or retrieved by evaluation. It represents by Answer 

Sheet in ARCADE – this data object collects data from evaluation process for one given test. This object is 

very important for import/export of result sheets of the students. 

The ARCADE assessment module and the authoring tool deserve special attention and will be presented in 

details in next sections below. 

4.5 The ARCADE assessment tool 

The Assessment package is central for the system not only because it provides instructional feedback, thus 

enabling the instruction be adapted to individual students’ needs as a basis for personalized and adaptive 

instruction, but because it was the pilot work-package where a new for that time  standard specification - IMS 
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Question and Test Interoperability Specification (IMS QTI) - was applied in ARCADE. This section provides 

a brief presentation of the Assessment tool as it is explained in (Petrov and Bontchev, 2004). 

4.5.1 Design objectives 

The IMS Question & Test Interoperability (QTI) specification describes a basic structure for the 

representation of question (item) and test (assessment) data and their corresponding results reports. Therefore, 

the specification enables the exchange of this item, assessment and results data between Learning 

Management Systems, as well as content authors and, content libraries and collections. As explained in 

previous chapter, the QTI specification is given by IMS in XML format and, thus, it promotes widest possible 

adoption. It is extensible and customizable in order to permit immediate start-up for any type of systems. 

Following the QTI specification, in ARCADE there are defined corresponding user roles, related to 

assessment module and its sub-modules:  

 ASI (Assessment Section Item) Author – the users which are domain experts in the assessment area 

responsible for building a high quality content and ASI Structures – such as assessments, sections and 

items;  

 Student – users with such a role interact with system and assess their performance;  

 Instructor – manage and monitor runtime environment, create and manage tests, based on ASI 

Structures (created from ASI Authors) and evaluate student results and manages custom feedback and 

evaluation.  

4.5.2 Assessment data model 

After reviewing couple of commercial assessment systems and resolving to use QTI specifications, a common 

framework has been accepted for the ARCADE assessment module. The data model of the ARCADE 

assessment framework is presented in fig. 4.10. 

 

Fig. 4.10: ARCADE assessment framework model (Petrov and Bontchev, 2004) 



51 

 

 The ASI (Assessment Section Item) structures show the three main data objects that build tests and 

assessments. There are some specific meanings of these structures. Each of the ASI structures 

designed in ARCADE system has a parent data object. And all objects inherit common properties 

from one abstract data class called ASI Object. Its main properties are name, version, description; 

parent object id and parent object type. Data entities can be divided by their usage in three different 

sub-packages: 

 Authoring related structures: 

o Assessment – represents assessment data object (also called test). Its main properties are 

name, description, version, copyrights note, duration, control style, item count, and status. 

There also editors and permission fields. Actually assessment is top-level element (or so 

called root) for all ASI substructures. Assessment contains one or more Sections data objects. 

Its parent data object is ASI Author object (actually it is not class from the assessment data 

structure) and can be changed in further releases with changing type of parent object; 

o Section – is grouping data object. Its properties are field contains parent assessment id, name, 

description, version, duration time for current section, control style and item count. Each 

section can contain other sections or items. Section which parent ASI Object is Section is 

called nested section. Section is not widely supported, but is introduced for future use and 

compatibility with QTI specifications. There are only couples of minor appliance of the 

section and none for the nested sections; 

o Item – is data object that represents item object. For Item can think as a question. But more 

precise definition can be given: item is question or group of questions, which logically 

answered to one general question. It is smallest independent data structure exists as 

standalone object. Item can be very simple object or very complex – it depends on the 

underlying objects. Its important properties are name, description, version, item type, max 

time (for evaluation of current item), render type, max score and scoring type. Currently is 

supported only average scoring algorithm; 

o Knowledge Atom (KA) – it is (as its name says) the smallest unit, which represents some kind 

of information. There is support of visual information – information knowledge atoms (such 

as text and images), grouping information – grouping knowledge atoms and formatting 

knowledge atoms. To implement such wide range of data types here is used data sub typing in 

large limits. The most important properties of knowledge atom data structure are name, 

description, version, information (text material or image URI), information type (text, image), 

type of knowledge atom – question or answer, response format – yes/no, multiple choice, fill-

in-blank or essay, response type (whether is grouping or information type; for now third type 

is not supported – formatting type), response group name – groups answers in groups, 

providing abilities for complex questions, score (for answer), max time, mandatory, style and 

two properties, which contains addition information depends of other fields. Knowledge atom 

represents very complex entity and it full description is out-of-scope in this paper. 

 Test Management related structures: 

o Assessment Ready – this data structure is designed for future releases when support for 

different levels of readiness of the assessment will be supported; property of this type of 

assessment is parent assessment; 
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o Test – it has properties name, description, parent assessment, start and end dates, test policy 

and test evaluation limits, access type, stack holder reference and type of test. Test can be 

defined as general instance of assessment (with many questions); 

o Given Test – represents test instance of test but for one student. In fact result from evaluation 

process (scores) is for one given test. Given test generates as random subset of questions in 

parent assessment of the test. Important properties here is also student id, course id, start and 

end date, time limit (for all test), page size (how questions to show per page). 

 Performance and evaluation related structures: 

o Answer Sheet – this data object collects data from evaluation process for one given test. This 

object is very important for import/export of result sheets of the students. Every test can be 

evaluated in one system and can be evaluated and scored in another system that supports QTI 

specifications. 

4.5.3 Assessment module packages 

In ARCADE is a Learning Management System that provides Web-based courses with common delivery 

framework. It incorporates wide range of facilities for effective and efficient learning. Assessing student 

performance is one of the most important activities in learning process and not only. In fact there is no need to 

participate in learning course to use assessments to evaluate students’ knowledge. The architecture of 

ARCADE includes five main packages: User and System Management, Course and Curriculum Management, 

Authoring tool, Tasks and Communications. Each of these packages includes other sub packages. Fig. 4.11 

represents position of assessment module and its sub-modules - ASI Structure Authoring, Test Management, 

and Performance and Evaluation. More detailed user oriented review of features is given at next section but 

short description of the assessment sub-packages, ordered by time of activity is: 

ARCADE

Assignments

Course and Curriculum
Management

User and System
Management

Assessments

Authoring tool Communication tools

Performance and

evaluation  package
Test Management

ASI Structures

Authoring

Tasks

 

Fig. 4.11: Position of the Assessment module within the ARCADE package diagram  

(Petrov and Bontchev, 2004) 

 ASI structure authoring – supports design time of assessment preparation – it gives opportunities to 

create, refine and manage wide range of ASI structures and learning objects. There is question import 

utility tool as part of this sub-package. It supports couple of different questions formats. This tool is 
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important for off-line test development, because there is no need of sometime expensive internet 

connection. 

 Test management – supports pre- and post- evaluation process activities – such as preparation, 

management and customization of tests including random selection of a subset from all the test’s 

questions and its permutation. The assessments are tailored to needs of particular course (pre 

activities). More, there are supported evaluations and automatic and custom feedbacks. 

 Performance and evaluation package – manages and supports run-time part of the evaluation process: 

it allows everyone who participates to the ARCADE system as student to evaluate tests, which are 

managed by the instructor of the course.  

4.5.4 User functionalities of the assessment module 

One of the unique aspects of the Assessment framework is the modular separation of the ASI structure 

authoring, test management, and performance and evaluation modules. The main benefit is separation of the 

work of author from the test and evaluation system. The structure authoring is used by ASI author to create 

assessments. 

The test management module used by instructor to create tests and give them to students. A test is 

automatically generated based on the assessment usage. The instructor determines all needed test’s attributes 

and set the points of correct and uncorrected answer. Then the instructor can assign (give) test to student. In 

figure 4.12 you can see the process of assign test to student.  

 

Fig. 4.12: Assign test to student in ARCADE Assessment System 

Once received the test, the student can perform it. There is different kind of questions, based on term item 

specified in IMS specification, like: multi-chose, single chose, fill-in-blank and questions type essay. The first 

three questions can evaluated automatically. Figure 4.13 shows a screen of test performing process. 

The performance and evaluation modules provide evaluation support for different kind of questions, based on 

the term item specified in IMS specification. When a student finishes a test, he/she can view an answer sheet 

with all questions and answers. In figure 4.14 it is presented a screenshot of list showing only the incorrect 

answers. 
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Fig. 4.13: One-of-many type of question during evaluation process 

 

Fig. 4.14: View results - students can view the incorrect answers 

Currently, the system supports so called weight of answer. For correct answer of a question is accepted each 

answer which has positive weight, i.e. there could be more than one correct answers. Moreover, the correct 

answer may consist of several answers with positive way recorded in student answer sheet. There is provided 

support for negative and positive weights of answers. It gives an opportunity for more precise techniques for 

evaluation of student answers and for an advanced test design. 

4.5.5 Practical experiments 

During the latest experiments with real student tests, it has been proven the framework does support real-time 

assessment of student performance in an effective way. It supports different kinds of questions, based on term 

item specified in IMS specification and, for some of them (multi-chose, single chose, and filling blank), it 

provides automatic evaluation of the student results. With its abilities for flexible test management, such as 

preparation, management and customization of tests, the tool tailors assessments to needs of particular course. 

The automatic evaluation and custom feedback support turn to be essential for a well-controlled and effective 

e-learning process. 
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Individual tests with ARCADE assessment tool
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Fig. 4.15: Individual tests conducted with the ARCADE assessment tool 
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Fig. 4.16: Percentage of problems with the ARCADE assessment tool  

 

The assessment module and the ARCADE platform as a whole have been proven to be viable and very 

suitable for extensive usage in real teaching processes at the Department of IT at FMI - Sofia University. Fig. 

4.15 presents the number of individual tests conducted with the ARCADE assessment tool, for the period 

2003-2009. Under supervision of the author of this work, students have conducted intermediate and final tests 

in groups from 20 to 120, for the courses Mobile technologies, OOAD with UML, Modern markup languages 

(XML), Programming of software applications with Java SE, Java server-side programming, Construction and 

integration of software systems, and Software architectures and development.  

Only for few of the assessment sessions, problems have occurred such as deadlocks, crashes, delays and other 

scalability issues. Fig. 4.16 gives the percentage of problems with the ARCADE assessment tool during the 

years of its usage. It is obvious that in the end of the usage period the percentage of problems became 

negligible. Thus, the ARCADE project team and systems users have concluded that the assessment tool turned 

to be very stable through the years of usage. Its functionality was steadily developed – many functionalities 

typical for advanced assessment tools such as of Moodle platform have been added, like shuffle questions, 

random order of sequencing of answers, various types of answers, incorporation of images and video within 

the questions, and many more. 



56 

 

4.6 The ARCADE authoring tool 

4.6.1 Design goals 

The ARCADE authoring tool aims to provide authors with the ability to separate content authoring and 

presentation at different levels. Using different styles of content templates by means of DTD or XSchema, 

authors may choose between strong separation at infinitum and introducing presentation properties inside 

XML content in order not to define XSL transformations for each content piece but to use only one XSL 

template for all the content. The tool contains and manipulates content templates with metadata definitions 

according to LOM specification making the produced courseware reusable for LOM-compliant e-learning 

environments. As far as it is designed for creation and delivery (both via Internet) of content formed as linear 

story with hierarchical structure, it can be used for maintenance of any Web sites presenting books, stories, 

magazines and similar linearly-hierarchical content. The content structure of each site should be defined by a 

separated template and may have powerful and extensible hierarchy without restrictions in terms of level's 

depth, hierarchy tree size, etc. Using multilevel hierarchies for content structure the authoring tool does not 

suffer granularity or paginating problems. It provides a template-driven content design process, where the 

chosen content template guides authors. One of the most important design issues in e-learning platforms is to 

provide effective support for the learning objects. By means of multilevel hierarchies for multimedia content 

organization, the ARCADE authoring tool deals flexibly with objects granularity at different aggregation 

levels in order to achieve maximal reusability of the content. The main types (levels) of ‘building blocks’ are: 

 Media element (learning tokens) - text (plain text, tables and lists), images, animations, video or 

audio; 

 Page element (learning object) - consists of one or more media elements; 

 Content module (lesson) - consists of one or more learning elements grouped into a hierarchy 

structure; 

 Thematic site (study course) - includes hierarchy of content modules and defines a thematic structure 

relevant for a specific study goal. 

While the first names of these building blocks are generic and used when authoring general purpose content, 

the names in the brackets are their interpretation in the e-learning context. The e-learning support was 

improved by using the IEEE LTSC Learning Object Metadata (LOM) specification templates at page 

elements level. The authors may specify metadata about learning objects at different depth according to their 

needs and the purpose of objects (Bontchev and Iliev, 2003). 

As stated in the beginning in this section, the authoring tool provides means for clean separation of the course 

content and presentation. The following features were realized: 

 flexible differentiation of views (presentations) of a given course content not only in the terms of 

different layouts but, as well, supporting different, personalized course instances (i.e., for different 

groups of course users); 

 easy content management (with possibilities to add new items, copy and paste, move and delete, 

search and retrieve items) by storing the content in XML format; 

 XML content can be exported in different presentation formats (such as HTML, WML, PDF, MS 

Word, etc.). By adding new exporter (render) modules the tool can easily support new output formats. 
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Fig. 1.17: The authoring tool functional workflow 

The information workflow is presented in fig. 4.17. Content templates can be in DTD (Data Type Definition) 

or XSD (XSchema) format, while presentation templates are various XSL definitions transforming XML 

content in HTML, WML or any-ML (*ML). The content, content templates and presentation are accessible in 

different ways by the user roles described in section 4.1. In ARCADE 2.0 their functions are extended as 

follows: 

 Course Author – can define both content and presentation templates and write the content. 

 Instructor – may use the content templates to create personalized course instances targeted for given 

individuals or groups of students; can define additional content templates for extra personalization of 

content presentation. 

Other design goals of the authoring tool with regard to common design principles (described in section 2), 

which have been addressed before the implementation phase of the project, are: 

 high-level personalization - all the groups of building blocks can be personalized in terms of different 

content excerpts, and personalized look-and-feel for different audiences; 

 easy to learn user interface – all the user roles can access hierarchically structured content by drill-up 

and drill-down navigation options, and as well, can move linearly through the structures using links to 

next/previous/first/last page; 

 flexible content reuse – especially for the media elements (learning tokens), and the page elements 

(learning objects); 

 search and retrieval abilities – content-based search and metadata search. 

4.6.2 Authoring tool architecture 

The authoring tool architecture is Web-based and follows the modular design presented in fig. 4.18. The 

content and presentation manager takes a central place in the system, as it is responsible for setting and 

updating relations between the content building blocks, for storing them in the database, and for submitting all 

needed information to the XML/XSL transformer. 
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Fig. 4.18: Authoring tool software architecture 

The content building blocks relations are used to realize operations like deleting all media elements for given 

page in an effective way. The content manager contains a XML parser, which generates from any XML file a 

document tree according to DOM (Document Object Model) standard, and manipulates it. It is used by 

instructors to create course/site instances and to generate presentation by choosing a predefined XSL template 

set, and by students – to view some of the created instances based on their access rights. 

The authoring tool editor is accessible through a user manager module only by authors for creating and 

updating courses. The authors can choose a preferred content template (DTD or XSD, i.e. XML Schema) in 

order to create their course/site content. The content authoring process is template-driven, i.e. authors are 

guided in the creation of linear hierarchical structure, content pages and media elements, based on the chosen 

DTD/XSD. Thus, inside a hierarchical structure, authors may create/update/delete a sub-hierarchy, and inside 

a page – a media element. There are two types of content templates – for content structure tree (i.e., courses 

and lessons) and for page elements (for example slides and LOM). Page elements (or learning objects) are 

connected to the content tree by means of XLinks. They can be located based on their content or metadata 

using a search engine (fig. 4.17). 

4.6.3 Authoring tool implementation 

In order to support various types of client applications, some new components should be added to the common 

middleware architecture. In fig. 4.19, HTTP requests are passed through an agent detector, which determines 

the browser type and reports it to a presentation manager. As in the common Java™ server architecture, the 

JSP™ (Java Server Pages) are invoked by a view handler to return XML data content. It is accepted by the 

presentation manager, which chooses the XSL needed to transform XML into presentation corresponding to 

the detected type of client. 
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Fig. 4.19: XML/XSLT extensions of Java™ middleware 

The XML/XSL transformation can be done on the client side for XML/XSL-compliant client devices. 

However, due to existing support problems with client-side XSL transformations, they are done on the server. 

When content pages (i.e., learning objects) are requested, they are generated dynamically (on-the-fly) as 

HTML/WML/any-ML views by the XML/XSL transformer. 

The software implementation of the authoring tool uses Java™-based freeware technologies to create an open, 

portable, and easy for integration tool at reasonable cost. Initially was used an embedded database server 

(HyperSonic database) in order to facilitate remote installations, and after that the tool has been tested with 

MySQL™ and Oracle™ database servers. The business layer is implemented by JSP™ and Java Servlets™ 

following JSP™ model 2 and runs not only under any Java™ application server but as well under JSP™ 

engines such as Apache Tomcat and Resin™. The presentation layer uses HTML/CSS and JavaScript but can 

be implemented for any markup language by adding new XSL templates (fig. 4.20). 

 

Fig. 4.20: Technology layers of the authoring tool 

Figure 4.21 presents an editor screenshot of the integrated authoring tool. The left navigation frame contains 

unfolded tree structure of the course’s content being under development. In the middle of the screen are 

located the page multimedia elements (texts, images, etc.), their style values, and rights parameters as defined 
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in the chosen DTD (these values will override the default values in the XSL template). The right frame 

provides control over the editing process. In contains the type of page elements that can be included in the 

current course page according to the DTD/XSD template. 

 

Fig. 4.21: View of the integrated authoring tool 

4.7 Conclusions 

The exposition above presented the ARCADE learning technology system regarding building blocks and 

processes defined by IEEE LTSA. There are discussed the processes, stores, and flows of the Learning 

Technology Systems Architecture and how they implemented in ARCADE. It was described how ARCADE 

covers all requirements of LTSA architecture. However, as weakness of the system it is noticed a weak 

relation between learner information and learning resources. In other words, there should be elaborated the 

process Coach in ARCADE as implementing better the Query, Catalog info and Locator flows. 

The ARCADE assessment tool is built upon an information model based on the IMS Question and Test 

Interoperability specification and, thus, it is conformable to other QTI based tools. Possible future 

enhancements of the assessment framework may encompass three main directions: 

 Creation of more advanced means for automation and control of the tests – e.g., tests in groups, and 

for viewing statistics about the student performance; 

 An authoring tool for creating tests (ASI structures with learning objects), which will substitute the 

questions’ import utility tool currently used; 

 Tools for creating conditional access to the authored courseware based on predicates over the student 

performance shown at the tests 
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 Adaptive assessment modes, according various strategies. 

As future work for the Authoring tool, next versions may include import/export from/to XML for all types of 

persistent data objects. The plans include extending the coverage of international e-learning standards and 

specifications (IEEE LTSC, IMS, ADL SCORM) in order to increase the system interoperability with other 

course support systems. Support for different instructional methodologies can be added to ARCADE in order 

to provide more flexible opportunities for the instructors and students. 

The management of user profiles is another direction of improvement. The profiles can be multidimensional 

including user's personal differences, abilities, cognitive and learning styles, and personality traits. 

Instructional designers and content providers will be able to create adaptive courseware materials based on 

these profiles in order to provide improved learning experience for the students. 

The last version of the ARCADE 2.0 system was available at http://www.e-arcade.net/ until the end of 2009. 

The ARCADE team truly believes the created learning management system provided powerful means for an 

effective e-learning at with low cost-performance ratio. Its interoperability, openness and easy maintenance 

make it appealing for universities, schools and organizations proving teaching services. 
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5 ADOPTA – an adaptive technology-

enhanced platform for edutainment 
This chapter provides some of the main results obtained from two projects: 

 The ADOPTA
1
 project (ADaptive technOlogy-enhanced Platform for eduTAinment) funded by the 

Bulgarian NSF under agreement No. D002/155. The project is conducted at the Department of 

Software Technologies, FMI-SU, under supervision of the author since year 2009 until present.  

 The SISTER
2
 project (Strengthening the IST Research Capacity of Sofia University) funded by the 

European Commission in FP7-SP4 Capacities via agreement no. 205030 since 2008 until 2011. 

The results presented in the chapter are from research, software development and practical experiments 

described in articles (Vassileva et al, 2009), (Bontchev and Vassileva, 2009-1), (Bontchev and Vassileva, 

2009-2), (Bontchev et al, 2009) and (Bontchev and Vassileva, 2012). Special attention is given to the three 

core ADOPTA modules - the authoring tool, the instructor tool and the adaptation control engine. 

5.1 The ADOPTA conceptual model 

The ADOPTA platform supports adaptive e-learning content delivery according to contemporary 

requirements of AHS such as interoperability based on exchange of educational materials and activities, 

reusability of learning objects (Los) and, most important, construction of e-learning courses with adaptation to 

user learning styles and user knowledge level (Velsen, 2008). The software architecture of the platform is 

oriented to the ADOPTA conceptual model of adaptive hypermedia, so next sub-sections briefly presents this 

model. 

The ADOPTA platform is compliant to a special triangular conceptual model of AHS conceived as an 

extension of the AHAM reference model (De Bra et al, 2006). The AHS triangular model is described in 

details in (Vassileva et al, 2009) and uses a metadata-driven design approach separating narrative course 

storyboard from educational content and Adaptation Control Engine (ACE). Fig. 5.1 represents a mind map of 

this triangular model which refines the AHAM reference model by dividing in three the separate models 

describing learner, domain, and adaptation. It follows a brief description of both structure and semantic of 

these sub-models. 

5.1.1 Learner model 

The chief specifics of the learner model conclude in separation of a sub-model of goals and preferences from 

another sub-model of shown knowledge and performance, as the first sub-model is appropriate to be used for 

personalization while the second one is suitable for adaptive content selection. The model of learning style 

(such as activist, reflector, pragmatist and theorist) is detached as another sub-model as far as it determines the 

adaptive navigation throughout the narrative storyboard. Learning character is polymorphic and includes 

affiliation to several learning styles which is set before starting adaptive e-learning by dedicated pre-tests. On 

                                                      

1
 http://www.adopta.eu/ 

2
 http://www-it.fmi.uni-sofia.bg/sister/ 
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other side, learner’s knowledge level may be assessed many times during adaptive learning process in order to 

adapt content through adaptive content selection. 

 

Fig. 5.1: Mind map representation of the ADOPTA model (Bontchev et al, 2009) 

5.1.2 Domain model 

The domain model is composed of domain ontology, multimedia learning content granulized in LOs 

according to the SCORM standard, LO’s metadata as defined by IEEE LOM (Learning Object Metadata) and, 

as well, ontology metadata. The ontology represents semantic references such as of types IS_A (i.e., a term is 

of subtype of another term) and HAS_A (a term has a relationship with another term or concept) between 

terms of given knowledge domain and is built during content composition process by content author. It is used 

for browsing, filtering and searching of LOs when the instructor disposes appropriate LOs onto course pages 

of a storyboard graph of the course in order to be delivered to the learner adaptively according his/her learning 

style and knowledge level.  

LOs are annotated by LOM metadata with three chief purposes: 

 instructors use LOM annotations in order to dispose LOs onto pages of given path within the 

storyboard appropriate for a learning character with specific polymorphic style. As well, they take 

into account LO’s complexity level and may dispose onto one page several LOs about a concepts and 

having different levels of complexity; 

 the adaptation control engine selects for the page going to be delivered to the learner LO with 

appropriate complexity according his/her results shown at last intermediate assessment; 

 export/import facilities assure interoperability with other e-learning systems thanks to LOM 

annotations of LOs been exported/imported. 
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5.1.3 Adaptation model 

The Adaptation Model (AM) is responsible for the design of adaptive e-learning courses. In each of these 

courses is included a set of pedagogical strategies and each of them is suitable for students with a learning 

character. Adaptive courses contain learning objects with different complexity and the instructor of the course 

determines what level of student knowledge is appropriate to visit the relevant content. Furthermore, AM 

defines rules for selecting the most appropriate teaching strategy for a student accordance with his/her learner 

model. AM consists of three sub-models - narrative storyboard, storyboard rules and narrative metadata. The 

narrative storyboard sub-model includes a description of a storyboard graph for each course. Storyboard 

graphs are represented in form of directed graph, which has two types of nodes - control pages (CP) and 

narrative pages. Narrative pages consist of a list of LOs, however, CPs include questions assessing students' 

knowledge. Between two CPs the course instructor can define paths named work paths (WPs) that consist of 

interconnected narrative pages. Fig. 5.2 shows a sample course graph where the narrative pages are 

enumerated from Page 1 to Page 11 and five WPs are marked by dotted lines. Each WP refers to a 

pedagogical strategy and it has a weight which indicates the suitability for a learning character. The 

storyboard rules sub-model includes the logic of choice for passing through a narrative graph and for 

determining which LOs are visible to a learner. The narrative metadata sub-model contains metadata for 

storyboard rules such as annotations of links between narrative pages, thresholds in CPs, which determine 

level of assessment performance for continuing to next CP or for returning back to the previous CP. 

 

Fig. 5.2: A sample course graph 

5.1.4 Adaptation control engine 

The Adaptation Control Engine (ACE) communicates with each of the three main models (learner model, 

domain model, and adaptation model) in order to generate and deliver the most appropriate learning content to 

the learner. The main task of the ACE is to select the most suitable WP of the narrative storyboard graph for a 

learner as taking into consideration his/ her learning styles and shown by him/her knowledge and 

performance. For a learner the best WP is calculated using the following formula:  
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where – k is number of WPs from the current CP to the next; ci is one of learning styles; WWPk(ci) is the weight 

of the k-th path WPk for ci and WCi (l) is level in which a learner l belongs to the learning style ci and this value 

is determined by test at the beginning of each course (Vassileva, 2010). 

Other basic functions of the ACE are following: 

 selecting the appropriate LOs in narrative pages; 

 selecting the appropriate test questions in CPs; 

 calculating test results of answers; 

 updating weights of WPs based on these results.  

The formula for updating the weight of WP, after solving test in CP k+1, is following:  
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where – WWPk(ci) is the new weight of WPk for ci; WPk is k-th WP from CP k to CP k+1; ci is one of learning 

styles; W WPk(ci) is initial value of weight for path WPk for ci; W WPk(ci) is the difference from the value of 

current weight and initially set weight WPk for ci; R is test result of a learner l for CP k+1; P is adjustment 

parameter with default value equal to the threshold defined for CP k+1. The goal of P to restrict the increase 

of the value of WWPk(ci) in case of unsatisfactory test results; WCi (l) is level in which a learner belongs to the 

learning style ci; N is the number of students passed until the moment through the path WPk. Thus, it will 

avoid the incorrect situation, where weights of the WPs which have passed more students through are higher 

(Bontchev and Vassileva, 2012). 

Thus, for a particular user, the best path is calculated and stored for the learner as current work path. When 

learner asks for the next page, adaptive engine may hide objects with specific complexity level that are not 

important for this user. As many users may pass through this path, ACE has to remember user tracks. The 

learner may abandon the work path determined by ACE (by clicking on a link leading to another page outside 

of the path), the ACE continues tracking traversed pages and provides return back to the calculated path by 

adding the link “Return to the WP” to each page. In the end of the path, the learner reaches the next control 

page, where ACE generates a test including some of the questions linked within the ontology to LOs delivered 

to the learner by showing pages of the storyboard graph. As far as these delivered LOs are with complexity 

level suitable for the individual learner, the questions related to these LOs will be appropriate to this learner, 

as well. As well, ACE stores some statistics of learner feedbacks to determine which pages are useful for 

which kind of users. This gives the adaptation engine ability to learn from their skills and perform better 

estimations for paths for further learners (Vassileva and Bontchev, 2006). 

5.2 The ADOPTA system architecture and process workflow 

5.2.1 Overall system architecture 

As an adaptive e-learning platform, ADOPTA includes an authoring tool, an instructor tool, an adaptation 

control engine and a set of administration tools, all communicating through a common data repository. Fig. 
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5.3 represents the principal architecture of the ADOPTA platform. The work process of mastering and 

delivery of adaptive courseware defines five working roles, as follows: 

 

Fig. 5.3: Principal architecture of the ADOPTA platform 

 Author – responsible for design of annotated LOs organized within ontology, by means of the 

authoring tool; 

 Instructor – uses the instructor tool to design a course as a narrative storyboard for courseware 

delivery with adaptation to learning styles and knowledge, respectively by defining work paths 

disposing LOs onto pages appropriate for style and knowledge level; as well, the instructor should 

define paths weights, link annotations and assessment grade thresholds in control pages, as explained 

in the next chapter;  

 Supervisor – responsible for tuning and controlling the adaptation engine, e.g. starting and stopping 

adaptation behaviour for a given student group, tracking progress of every learner, etc.; 

 Learner – solves test for determining his/her learning character (polymorphic learning style) and, next, 

follows the chosen course by receiving adaptive content from the delivery tool and solving assessment 

tests at control points 

 Administrator (not shown in fig. 5.3) – controls all the users by means of administrative tools. 

As presented in the figure, the tools for authoring learning contents, adaptive instructional design and adaptive 

content delivery are based respectively on the models describing domain, adaptation and learner, as explained 

before. The adaptation control engine uses all these three models in order to perform a successful control over 

the adaptation process. 

5.2.2 General process workflow 

The ADOPTA platform for adaptive e-learning includes an authoring tool, an instructor tool, an adaptive 

engine and a set of administration tools, all communicating through a common repository as shown in fig. 5.4. 

The content author is responsible for design of learning materials (objects) by organizing them within 

ontology with HAS_A and IS_A relationships and, also, for metadata about LOs (by IEEE LOM, presented in 

Chapter 3) and about ontology itself (by OMV). The instructor uses the instructor tool to design a course as a 

narrative storyboard, by defining course pages and links between them. For a content page, he/she has to drag-
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and-drop at the page one or more learning objects from a proper ontology defined by an author. The 

supervisor is responsible for controlling the adaptation engine, e.g. for doing start and stop of adaptation 

behaviour, tracking learner paths, etc. The administrator controls all the users by means of administrative 

tools. 

Finally, the learner follows a course by receiving adaptive content and solving tests at control points. The 

learner is supposed to start at the first control point by filling an initial test about determining his/her learning 

style. Next, he/she follows the work path proposed by the adaptation engine but may opt to links to pages not 

belonging to the path and, thus, to divert to another work path. In such a case, they are always able to return 

back to the last visited page of the proposed path or, otherwise, to follow the new path until reaching a control 

point. There, the learner has to solve a test compiled by automatically selected questions about the LOs he/she 

has passed through. 

 

 

 

Fig. 5.4: View of the general workflow 

5.2.3 Software architecture of the ADOPTA platform 

The ADOPTA software architecture is composed by three main layers – web clients, business layer and 

persistence layer. Fig. 5.5 represents the software architecture of the ADOPTA platform. The persistence layer 

is presented by two sub-layers: 

 ADOPTA Persistence Entities – ungrouped and common for all the platform applications 

 Persistence Session Beans – grouped into specific and common, and used for read/store/edit of 

entities. Within this sub-layer, we have reused functionality for reading the same objects, while the 

business logic is specific for every module. Even in the case of login, UserEntity is always read but 

there are checked different roles. 
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The other layers are as follows: 

 Session EJBs, which are specific for each of the modules and contain its business logic 

 Communication layer (Web services) – provide specific services for each of the modules.  

 Web clients – represent web-based service clients. The client layers are build with the constantly 

growing popularity Flex technology. Among its other benefits, this technology allows to generate 

easily web service client classes and method stubs. This is exactly the way the client consumes the 

published web services. The nature of the Flex applications to be run on the client side 

(browser/desktop) dispenses the application server with the load of rendering and manipulation the 

data. 

 

Fig. 5.5: Software architecture of the ADOPTA platform 

It follows description of the three core ADOPTA modules - the authoring tool, the instructor tool and the 

adaptation control engine. 

5.3 The ADOPTA authoring tool 

5.3.1 Workflow of authoring e-learning courses 

Within ADOPTA, the authoring process is strongly separated from the instructor’s learning design and is 

based on semantic ontology graphs - exported in Ontology Web Language (OWL) and inheritance 

mechanisms for metadata descriptions of both the learning objects and ontologies. For describing metadata for 



69 

 

learning objects (LOs) we use Learning Object Metadata (LOM), while for semantic ontologies we rely on the 

new coming Ontology Metadata Vocabulary (OMV). 

Authoring process includes definition of LOs, their semantic organization as ontology graph (used for a easy 

viewing and searching), and metadata about LOs and ontology. The ontology graph allows multiple 

inheritance and references from one LO to another. The author may design the ontology using a top-down, a 

bottom-up or a mixed approach. While node relations of type is-a are defined directly within the ontology 

graph, reference relations (usually known as has-a relations) are defined while designing the learning object. 

This constraint is especially dedicated to force the author to allocate a hyperlink to the referenced object 

within the content of the referring object. LOs may be of various types such as conceptual issue, project task, 

essay, etc. For anyone of these LOs, the author may design one or several assessment LOs. An assessment 

object is a QTI question with several answers of type one-of-many or many-of-many. For each answer, the 

instructor defines a result value. Questions may be only referred by other LOs of type not being question, and 

cannot refer to other LOs. Moreover, question LOs are not shown at course pages but are used by the 

adaptation engine to build an assessment tests at next CP. 

Besides LOs and their structure, the author is supposed to define metadata for LOs (by IEEE LOM) and for 

the ontology. He/she may use a mechanism of metadata inheritance from the root LO for the ontology to its 

successors. If metadata records of each LO are identical, then the author has to specify them only for the root 

LO. Otherwise, the author has to describe only the differences between metadata records of ancestor LO and 

its successor (if there are any). 

The authoring tool (fig. 5.6) extends the ideas for courseware authoring of ARCADE (Architecture for 

Reusable Courseware Authoring and Delivery) e-learning platform. There are supported two kinds of LOs – 

for learning content and for assessment materials. For each LOs the author may define several test questions 

(being presented as LOs, as well).  Then the instructor may use them for test generation and learner 

knowledge examination. The test questions have different status and user interface from the learning content. 

A LO may have a hierarchical structure - it may contain several assets being LOs as well - images, texts, 

multimedia files, external resources, or links and other LOs. LOs representing test questions have to contain as 

well their answers. Our authoring tool supports three questions type – multi-choice, single choice and 

Boolean. The LO content is constructed accordingly the Sharable Content Object Reference Model (SCORM) 

standards and specifications for packaging of web-based e-learning content. 

 

Fig. 5.6: View of the ADOPTA authoring tool with a sample storyboard graph 
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As shown in fig. 5.5, the content authoring application communicates with several other components. Fig. 5.7 

presents main use case diagram of the authoring tool (Bontchev and Vassileva, 2009-2). When the author is 

logged in, he/she could create, update, delete and read LOs and its internal elements. The author could as well 

set type of test question and add, delete, and edit answers to it. The author has to fill LOM information for 

each LO. More, he/she can edit the ontology graph by moving, adding new or removing LO. 

The adaptation engine reads the narrative storyboard graph (created by the instructor) and content pages 

containing LOs. After then it transforms learning content depending on learner profile and LO type (test or 

content) to HTML format and delivers this personalized content to the student. If the page is a control point 

(i.e., assessment page), the adaptation engine generates automatically a test (parameterized by the instructor) 

as a subset of all the selected test questions. These questions are related to the LOs contained within the 

working path passed by the learner and finishing with this control point. The test result is used by AE for 

controlling the navigation. 

 

Fig. 5.7: UML use case diagram of the authoring tool (Bontchev and Vassileva, 2009-2) 

The instructor (by using the instructor application) may browse LO ontology, read LOs and, finally, compose 

pages with learning content. Moreover, he/she could copy or drag-and-drop branch of the ontology three or 

only a single LO. Next figures show sequence diagrams of creation of LO (fig. 5.8) and ontology (fig. 5.9). 
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Fig. 5.8: View of a sequence diagram of creation of a LO 

 

Fig. 5.9: View of a sequence diagram of creation of ontology 

5.3.2 User interface of the authoring tool 

One of the main goals of our authoring tool is to provide comfortable, user-friendly and flexible interface for 

ontology, LOs and its metadata management. For this purpose we use Adobe Flex to design and implement 

our authoring system interface (fig. 5.6). It is an open source framework, which assures the creation and 

maintenance of expressive web applications.  
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As far as the authoring tool may run as a standalone application, we have integrated its extended version into 

our system. In this version, the learning content is presented by LOs connected each other within a semantic 

ontology graph through relationship links, which may be of type HAS-A or IS-A. LOs in accordance of theirs 

structure may be: 

 primitive (containing plain text, table, image, audio, animation, video, external resources, or links). 

This type of LOs has linear structure 

 composite (aggregating other LOs). They are with a hierarchical, tree structure.  

As well, LOs may have various types in accordance of their purpose – narrative content, task, assessment 

question, etc. The authoring tool’s interface provides various functionalities for flexible visualization and 

presentation of a ontology graph as zooming and scaling, different layouts, multiple level view, etc. Adobe 

Flex enables creating complex data visualization interfaces for social networks, navigation systems, 

taxonomies, etc. Moreover, the authoring tool facilitates authors of learning content in the filling of metadata 

for learning objects through assuring of multiple inheritance – LOs lying down inherit LOM from upper 

objects and may redefine it. Thus, the author should define a full LOM description only for the top LO class 

within the ontology graph, while for the other LO (subclasses) this description will be inherited with 

possibility for overriding any field. As the most of contemporary authoring tools, our ones supports export of 

ontology, LOs, and metadata in appropriate formats. Learning objects have the following characteristics: 

 Name 

 Type - content lesson object, test question (of various question sub-types, as shown in fig. 5.10) with 

question answers, task, project or essay 

 Level of complexity - easy, intermediate, difficult, very difficult 

 Status - active or inactive 

 

Fig. 5.10: Creation of LO of type question 

Next, a LO may have one or more resources of various type such as plain or formatted text, images, audion or 

video. Resources are added by means of drag-and-drop, as shown in fig. 5.11. Finally, authors may annotate 

learning objects using metadata as IEEE LOM records. Since the LOM standard contains more than 80 types 

of metadata entry, describing metadata for each LO would be very laborious and time consuming. This is the 

reason a special mechanism for inheritance of metadata to be used. Inheritance is done through the semantic 

relations (is-a), from parent to child LO. The aim is to introduce detailed metadata for the parent and its 

descendants automatically to inherit them and, if necessary, to redefine some of them. Figure 5.12 shows the 

interface for entering metadata for a learning object. 
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Fig. 5.11: Adding a video file as a resource of a LO 

 

Fig. 5.12: Specification of metadata for a LO 

5.3.3 Software architecture of the authoring tool 

Conforming to the general system architecture, each module the authoring tool consists of three layers- 

persistence, business and web (or client) layer. Each of the layers resolves its own specific problems and relies 

only on the layer below. The architecture is both component-based and service-oriented. 
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Like the name shows, the persistence layer is responsible for storing and editing of objects. As all modern 

applications do, the communication with the database is made throughout the Java Persistence API. Sample 

Java Persistence entities are the LearningObject, Ontology, etc. - all compliant to the ORM standard (fig. 

5.13). The business layer is build by the latest EJB technology. The business logic itself resides on stateless 

EJBs. The following EJB have been created LoginBean, LOBean and OntologyBean. The LoginBean is 

responsible for both the authentication and authorization in the application. The LOBean and the 

OntologyBean contain the business logic related to a specific set of objects. Each bean exposes an interface so 

the communication with each bean happens via this interface throughout JNDI injection.  

The next layer is build again on the basis of the EJB 3.0 architecture, although part of the business layer can 

be relatively separated in a newly called communication layer. This layer consists of web services that act as a 

communication point between the services client and the beans where the business logic resides. The 

authoring tool publishes several services that can be divided in four groups - login, learning object related, 

ontology related and learning object links related. All services are published as part of a single WSDL file.  

 
Fig. 5.13: Software architecture of the authoring tool  

The last layer of the application is the web layer. Having in mind the benefits of SOA the web layer may be 

more precisely called with the more general name- client layer. 

5.4 The ADOPTA instructor tool 

Construction of the instructor tool of the platform passed through analysis and design phases like for the 

authoring tool. The instruction tool is an application for creating courses adaptable to different users. 
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Instructor composes a course in terms of interconnected pages represented as nodes of the narrative storyboard 

and connected each other. The narrative storyboard graph is to be processed by the adaptation engine (AE) in 

order to choose the best path for a particular user. Pages are easily modified by drag and drop of available 

learning objects. Fig. 5.14 shows instructor’s drag action from learning objects browser where they are 

organized in an ontology graph as defined by the author. In the course graph, there is one terminal vertex that 

represents control point, i.e. course exam. A course exam is generated automatically based on the learning 

objects used in pages on the work path leading to that CP, and questions related to these LO (as far as they are 

designed by the course author and linked to correspondent LO within the ontology tree). Thus, it is not up to 

the instructor to determine every single question. To tune the course feedback he/she can adjust CP thresholds 

values, i.e. assessment results for passed exam (Vassileva and Bontchev, 2010).  

 

Fig. 5.14: View of the instructor application 

Instructor has also the responsibility to annotate page links and to set page weight parameters for each of the 

learning objects population the page. These page parameters are used for controlling the adaptive content 

selection and, therefore, are very important for tuning the system. The supervisor of adaptation control engine 

may match parameters value to assessment result and, thus, he/she is able to control appearance of LOs for 

particular learner. If the parameter of a LO within the page has high value and the learner has shown high 

performance at the last CP, this LO should be viewed to such a learner. Thus, when learner asks for the next 

page, adaptive engine may hide objects that are not important for this user. Links annotation labels can be 

added also by instructor to influent user’s decision when a particular user is choosing among several links. If a 

learner abandons the work path determined by adaptation engine (by clicking on a link leading to another page 

outside of the path), the engine continues tracking pages the user has passed through giving the user ability to 

return back to the path by adding the link “Return to the WP” to each of the pages. 

The next figure (see fig. 5.15) represents use case diagram for the instructor tool. The main actors for this 

module are the instructor and adaptation engine. The instructor uses a web based client application (developed 

in Adobe FLEX 3, as rich internet application) to login and then to perform all the tasks (the server-side of the 

application is developed in Java). That includes creating courses, creating pages, filling pages with learning 

objects, interconnecting pages, adjusting learning objects characteristics, setting link annotations, adjusting 

exam thresholds, checking user feedback. Adaptive engine uses business API (machine to machine interface) 

to read course’s graph and learning objects characteristics. Then it performs its calculations of the best path 

for particular user. 
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Fig. 5.15: View of the instructor application 

5.5 The ADOPTA adaptation control engine 

The Adaptation Control Engine (ACE) is responsible for performing all necessary adaptation mechanism for 

content delivery to a specific learner. This includes content selection, content hiding, link annotation, link 

hiding, etc. Fig. 5.16 represents the activity diagram of the ACE. When learner starts a new course, adaptive 

engine finds the best path for a learner with particular learning styles - the path with the highest weighed 

score. The best path is calculated by a sum of multiplications between WP weights values and weights of their 

correspondent learner’s styles. This path is stored for learner as current work path. When learner asks for the 

next page, adaptive engine may select for showing proper link annotations for the other paths. 

As many users are passing through the courses, adaptive engine has to remember user tracks. If a user 

abandons the work path determined by ACE (by clicking on a link leading to another page outside of the 

path), the AE continues tracking pages the user has passed through giving the user ability to return back to the 

path by adding the link “Return to the WP” to each of the pages. As well, ACE may store some statistics of 
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learner feedbacks to determine which pages are useful for which kind of users, with ability to learn and 

perform better adaptability. 

 

Fig. 5.16: Adaptation engine activity diagram 

The architecture of the adaptation control engine conforms to the architecture of the whole system. It 

effectively reuses common layers with the other subsystems without compromising its business logic and its 

independency as a separate system that can be easily installed on another node. Sharing the same database, all 

subsystems share one persistency layer, too. Like the name shows, the persistence layer is responsible for 

storing and editing of objects. All objects are defined as Java Persistence entities, compliant to the ORM 

standard. This means that the communication with the database is made throughout the Java Persistence API. 

The business layer - being the most interesting part of the application - is build by the latest EJB technology 

(fig. 5.17). The business logic itself resides on stateless EJBs. In order to resolve the different kinds of tasks, 

the following EJB have been created: LoginBean, AdministrationBean, MonitoringBean and AdaptationBean. 

The LoginBean is a central place in the application where user authentication and authorization occur. The 

AdministationBean is the place where the behavior of the Adaptive Engine can be configured. 

MonitoringBean allows administrators to easily see learners live statistics and as well as to trace learners 

progress and performance. And the AdaptationBean being the hearth of the application is responsible for the 

actual delivery of a course content and engine adaptation. Conforming to the “strong cohesion and loose 

coupling” rule, each bean resolves a specific problem. The EJB beans expose interfaces so the communication 

with each bean happens via these interfaces throughout JNDI injection. 
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Fig. 5.17: Software architecture of the adaptation control engine 

 

Fig. 5.18: Overall deployment diagram of the ADOPTA platform 
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The next layer is build again on the basis of the EJB 3.0 architecture. Although part of the business layer, it 

can be relatively separated in a newly called communication/web service layer. This layer consists of web 

services that act as a communication point between the services client and the beans where the business logic 

resides. The adaptive engine publishes several services that can be divided in four groups - login, 

course/administration related, learner/monitoring related and adaptation related. One can easily see that each 

group exposes the public interface of a specific business bean resolving the problem the bean deals with. All 

services are published as part of a single WSDL file. 

The last layer of the application is the web layer. Having in mind the benefits of SOA the web layer may be 

more precisely called with the more general name client layer. The client is build with the Flex framework 

allowing the user to interact with the application easily throughout the comfortable Flex user interface.  

Finally, fig. 5.18 represents the place of the adaptation control engine within the deployment diagram of the 

ADOPTA platform. 

5.6 Field trial 

An adaptive e-learning platform should be evaluated regarding its functional and quality properties, within a 

field trial under practical working conditions. In order to evaluate experimentally the ADOPTA platform 

described in the previous section, the field trial involved design of an adaptive course and its delivery to four-

year students of the bachelor program in Software engineering at Sofia University, Bulgaria. The present 

section explains in detail the methodology used for creation of the field trial and, next, some issues about the 

design and delivery of the adaptive course. 

5.6.1 Methodology for design and management of adaptive courses in 

ADOPTA 

ADOPTA uses a special methodology for creating e-learning courseware allowing various instructional 

strategies for adaptive design using non-linear course storyboards. The methodology strongly depends on the 

strict separation and independence between the three main sub-models within the conceptual model and on the 

mechanisms used for course delivery with adaptation to learning style and student knowledge level. 

Fig. 5.19 depicts basic methodology steps to be followed when designing adaptive courses. Several key issues 

should be discussed here: 

 Creation of annotated LOs is supposed to be executed by using the ADOPTA authoring tool, 

however, any other authoring environment compliant to the SCORM and IEEE LOM standards (IEEE 

LTSC, 2004). ADOPTA authoring tool allows interoperability with other systems by means of 

facilities for export and import of LOs. Organization and annotation of LOs is of key importance 

because it facilitates their usage while designing and maintaining the storyboard graph of an adaptive 

course; 

 Construction of storyboard graph has to imply development of sufficient working (learning) paths 

covering different polymorphic learning characters, i.e. different combinations of style levels for 

reflector, theorist, activist and pragmatist. It is not realistic to cover all the possible combinations of 

such style levels, however, even after developing paths for the four quadrants of fig. 3.2 the 

adaptation control engine will be able to select the path mostly suitable for predominant styles of 

given individual learner character. During the next step, the instructor should define a set of weights 

for each of these paths, where the set comprises four values showing appropriateness of the path for 

each learning style; 
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 Disposal of LOs appropriate for given learning character (combination of learning styles) should be 

performed after following a pedagogical strategy. The methodology does not fix or restrict such a 

strategy, thus, instructors are free to select upon their preference; 

 Setting appropriate annotations of inter-page links makes possible the adaptation control engine to 

display them in order to inform the learner about all other possible opportunities for navigation from 

given course page, different from the next page for the path determined for delivery by the engine. 

Thus, the engine does not restrict the learner to follow exactly the path selected as best path for the 

learner; he/she may leave this path and return to it latter or, otherwise, reach the next control point via 

another path. In any case, the engine will track all the pages traversed by the learner, in order to select 

at the next control point questions about LOs delivered at these pages. Note, there are also other 

details about tuning of the adaptation control, such setting tuning rules for selection of LOs with 

complexity level appropriate for learner assessment grade shown in the previous control page. 

 

Fig. 5.19: Methodology for adaptive course design 

Some steps of the methodology described here may be used for management of the storyboard during the 

adaptive delivery, as well. For example, changing the weights of the working paths in a graph and/or the 

threshold’s values at the control points may be executed during run time while tracking learning process and 

assessment results.  

Designing curriculum and shaping the course are two aspects of an iterative and incremental process that are 

consistent with the learner model. Once content is created by the author, it must be linked appropriately in the 

course by the instructor and adapted according to the goals, knowledge, learning style, etc. These two aspects 

have a great influence on the efficiency of adaptive e-learning methods. The process of creating LOs of the 

curriculum refers to the subject domain, while the process of designing a course storyboard is determined by 

the applied adaptation model. 

5.6.2 Design of a field trial using ADOPTA 

One of the main objectives of the experimental field trial consisted in evaluation of courseware delivery using 

ADOPTA offering adaptation to both learning style and student knowledge level. Thus, the field trial was 
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focused on realization of adaptive course in XML technologies using the ADOPTA platform which is a joint 

effort of content authors, course instructors and learners’ supervisors. The process workflow involved the 

steps of the methodology for adaptive course design shown in fig. 5.19. Authoring of content about XML 

technologies domain supposes creation of LOs of various types such as narrative LO (lesson), exercise, 

project, essay, problem solving, games and others, in order to be used next by instructors when designing 

course storyboard graphs by means of the instructor tool. Fig. 5.20 gives a distribution of learning objects 

types to learning styles of Honey and Mumford found by the authors during a decade of practical experiments 

in e-learning (Bontchev and Vassileva, 2009-1). LOs of type game, essay, project, problem-solving, 

comparative analysis and observation task can also be used to assess learner’s knowledge as well as classic 

tests. LOs for assessment are given in the figure as yellow ellipses and may be used for self, peer and teacher 

assessment as presented in the legend. Finally, the LOs are to be annotated and organized within domain 

ontology as described in (Bontchev and Vassileva, 2011). 

Construction of adaptive course storyboard may be based either on using strongly connected storyboard 

graphs or on parallel branches (Vassileva and Bontchev, 2011). The approach using parallel branches has two 

main streamlines (i.e., work paths) – one with educational content intended for theorists and another designed 

for opposite learning style - activists. As shown in fig. 5.21, each of these two main WPs is divided at several 

places symmetrically of two other paths which merge again. Thus, design in parallel branches produces two 

sets of WPs - one containing all the WPs for activists and other containing all WPs for theorists. Therefore, it 

is possible for predominant activists or theorists to add also LOs appropriate for pragmatists or reflectors 

(according distribution of types of LOs shown in fig. 5.21).  

 

Fig. 5.20: Appropriateness of learning objects types to learning styles of Honey and Mumford 

(Vassileva and Bontchev, 2012) 
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Fig. 5.21: Partial view of a narrative storyboard graph in the ADOPTA instructor tool  

(Vassileva and Bontchev, 2011) 

After designing and tuning of the storyboard of an adaptive course, the adaptation control engine is able to 

deliver paths and LOs appropriate respectively to individual learning character and learner’s knowledge level. 

For this purpose, the learner is supposed first to pass the Honey and Mumford survey for assessment of the 

learning character (styles) for this individual learner and, next, to start the adaptive course. If, at the first 

control point, the learner assessment grade will surpass the threshold defined at that threshold, then the learner 

will be able to continue through the path selected by the engine or to navigate to another page making part of 

another path - by using the annotated link to that page referred as outgoing link. Fig. 5.22 presents a view of 

the initialization of the weights of WPs in the Instructor tool, for the developed adaptive course in XML 

technologies. Each working path consists of a list of pages and has weights for activist, reflector, theorist and 

pragmatist (when using styles of Honey and Mumford). In contrast with this adaptive navigation, adaptive 

content selection is possible by placing at each page of the path several LOs with different complexity levels. 

The adaptation control engine will select LOs with appropriate complexity for given learner depending on 

his/her last assessment grade received at the previous control point and, as well, according tuning rules for 

selection of LOs with complexity level appropriate for that grade. 

 

Fig. 5.22: Initialization of the weights of WPs in the instructor tool 
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5.6.3 Evaluation results 

The chapter presents results of evaluation of courseware delivery using the ADOPTA platform offering both 

learning style and knowledge level adaptations. The experimental field trial was conducted by using the 

adaptive course in XML technologies specially designed for this purpose. 84 four-year students of the 

bachelor program in Software engineering took participation in practical experiments. These students were 

divided into two groups with equal number of participants and equilibrated in terms of average student 

performance demonstrated in previous assessments of the same students. The first, so called control group 

passed course modules of a traditional, non-adaptive course in XML technologies given by the Moodle 

platform, while the experimental group took the same modules using ADOPTA where the course was adapted 

to individual learning styles and student performance shown at intermediate assessment test. Thus, each 

student of the experimental group obtained learning materials, which are most suitable for her/his individual 

learning character and knowledge level between two control points.  

Students from both the control and experimental group had passed through the same assessment tests and 

received grades in percentage from 0 to 100%. The assessment results of both student groups are given in fig. 

5.23 by interpolated curves in order to express better dynamics and changes. The eloquent difference between 

these two curves shows in a clear way that students of the experimental group (taken the adaptive version of 

the same course) have demonstrated rather better performance, with average result of 77,89% while average 

result of the control group is 67,14%. As far as both the student groups consisted of the same number of 

students (42 for a group) with equal average performance shown in former assessments, we conclude the 

adaptive delivery of the same course is more effective than the traditional one and, thus, the adaptation to style 

of learning and student performance makes learning more appealing and productive. 

In order to assess the effectiveness of adaptivity to learning styles, a special survey was conducted among the 

students of the second group after the end of the adaptive course in XML technologies. The questions asked 

for students’ opinions about the quality of adaptive courseware delivery. Fig. 5.24 presents students' answers 

using 5 levels Likert scale with the levels: 1=strongly disagree, 2=disagree, 3=not sure, 4=agree, and 

5=strongly agree, for the following questions presented in the form of statements: 

 

 

Fig. 5.23: Assessment results for non-adaptive and adaptive courses in XML technologies 

1. Learning objects delivered within the course fit your learning style presented by values for theorist, 

pragmatist, reflector and activist). 

2. The ADOPTA platform does really adapt the courseware to my learning style. 
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3. The assignments, exercises, topics for essays and games were interesting and valuable for me. 

4. The ADOPTA platform effectively adapts the learning courseware to my knowledge level. 

 

 

Fig. 5.24: Results about assessment of adaptivity to students learning styles and knowledge level 

The results presented in fig. 5.24 show a rather positive feedback on the effectiveness of platform adaptivity to 

learning styles (questions 1 and 2) as well as to student knowledge level (questions 3 and 4). The majority if 

students do agree on the effective adaptation of courseware according to the student character issues such as 

learning style and knowledge. Though they are some students who cannot judge on this, learners regard 

learning objects delivered to them by the platform as valuable and useful for individual learners.  

Next four questions (statements of the survey) regard the issue of preference of adaptive platform to non-

adaptive one. They are given below: 

5. I prefer an adaptive e-learning platform to non-adaptive one with similar implementation. 

6. Adaptive learning does lead to greater knowledge and results compared with non-adaptive learning. 

7. I would use this adaptive learning system again. 

8. I would recommend this adaptive learning system to other students. 
 

Fig. 5.25 provides results about general assessment of ADOPTA as an adaptive e-learning system. It is 

important to underline students recognize the benefits of adaptive systems concerning obtaining greater 

knowledge and results compared with non-adaptive learning. The majority of them agree on the fact the 

adaptive learning does lead to greater knowledge and results compared with non-adaptive learning, which has 

been proven by this field trial (see fig. 5.23). There are few students who are not sure. In general, the majority 

of students regard adaptive learning as a more arguing and effective way of technology-enhanced learning 

than the traditional non-adaptive one. 
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Fig. 5.25: Results about a general assessment of ADOPTA 

5.7 Conclusions 

Adaptive hypermedia platforms continue being a challenge in modern development of technology enhanced 

learning. This chapter addressed practical approaches for design and construction of courseware delivery with 

adaptation on one hand to learning style and, on the other hand, to knowledge level (i.e., to student 

performance). The approaches were implemented using the ADOPTA platform, together with a field trial 

aiming at general evaluation of the platform and assessment of effectiveness of the adaptation to learning style 

and knowledge. While adaptivity to learner style is achieved on the base of explicit learner pre-tests and 

adaptive navigation within the storyboard graph, adaptivity to learner's performance is implemented via 

adaptive content selection by using assessment results at each control page of the course in order to select LOs 

with appropriate level of complexity for a given learner. Both the types of adaptation are managed by the 

adaptation control engine of the ADOPTA platform. 

The presented results obtained from the field trial are based on questionnaire about realized adaptivity to 

students learning styles and knowledge level. They reveal a rather positive students appreciation of achieved 

level and quality of adaptivity and show adaptive courses are an appeal and challenge for students to learn 

better and more. Here, implementation of the storyboard graph for adaptive course delivery is of crucial 

importance. The instructor has to select types of LOs appropriate for given polymorphic learning style by 

taking in consideration distribution of LOs types to learning style as shown in fig. 5 or a similar one. As well, 

to tune the engine to select at each non-control page of the course LOs with complexity level adequate to 

assessment results shown by the learner. 

Finally, authors have to underline that presented results are context-dependant – they are obtained by 

conducting an adaptive course with bachelor students in Software Engineering. During the experiments, it has 

been found these students have in general a learning character where reflectors and theorists are the 

predominant learning styles. They are quite possible other results for adaptive course delivery to students with 

different predominant learning styles.  
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6 A software framework for educational 

games 
Latest developments of modern technology enhanced learning show a trend of integration of traditional 

instructional techniques with game based learning activities. Educational games have been proven as an 

efficient mean for attracting and retaining attention of learners in given course topic. Games have great 

entertaining, educative and cognitive value, which can contribute greatly to traditional instructional practices 

of learning. Since last decade, cognitive games are widely used as a complementary educational mean with 

predictable outcome thanks to precisely defined goals, constraints, consequences and rules for payoff. 

In order to facilitate massive usage of educational games in modern e-learning, teachers need simple, efficient 

and extensible software platforms providing mechanisms for rapid and easy construction of cognitive games 

on the top of course content of taught domain. Semantic structuring and organization of educational content 

will enable automatic content extraction and promises to make such games more appropriate for e-learning 

purposes. The present chapter describes a framework for construction of simple single-user word and logic 

games based on semantic organization of educational content. The framework includes consists of both design 

workflow and software platform. It is used for development of word games, some arranged with intelligent 

agents. The practical experiments conducted by using the ADOPTA platform for adaptive e-learning. 

Experimental results from the research are presented in (Boychev et al, 2006), (Varbanov et al, 2007), 

(Bontchev et al, 2011-1), (Bontchev et al, 2011-2) and (Bontchev, 2012). The research results are obtained 

from two projects, conducted under technical under supervision of the author: 

 The ADOPTA
3
 project (ADaptive technOlogy-enhanced Platform for eduTAinment) funded by the 

Bulgarian NSF under agreement No. D002/155.  

 The PRIME
4
 project (Providing Real Integration in Multi-disciplinary Environments), FP6-IST, 

NMP-2004-IST-NMP-1 - Integrating Technologies for the Fast and Flexible Manufacturing 

Enterprise, under agreement No. 16542. 

6.1 Semantically-structured content model for educational 

games 

In chapter 3 of this work, OWL has been presented as a powerful language for building enhanced semantic 

models enabling system interoperability, content repurposing, automated inferencing and intelligent 

information retrieval – all that bearing a hard work for collaborative ontology construction, harmonization and 

sharing. At the same time, UML class diagrams are an approach for intuitive and visual content modelling 

providing class hierarchies, instances (by UML object diagrams), class attributes, and relationships plus 

axioms. For many light-weight models, limitations such as property restrictions and set operations over 

classes are not important. As far as mobile educational games need structured interrelated and annotated 

content for usage in puzzles, quizzes and logical problem-based games, we use UML as a simpler yet 

powerful enough paradigm for creation of a light-weight semantic content model for educational games. Non-

monotonous inheritance is a powerful UML approach for easy creation of class hierarchies. It follows a 

                                                      

3
 http://www.adopta.eu/ 

4
 http://www.alfamicro.pt/prime/ 

http://www.alfamicro.pt/prime/
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description of a new, light-weight UML-based model for organizing semantic content in order to make it 

reusable for educational games such as puzzles, mazes and word games.  

6.1.1 Informal presentation of the model 

The games are supposed to extract from the model some concepts (represented by classes), class typification 

(shown by UML single or multiple inheritance relationships), physical exemplars (represented by class 

instances), their properties and resources (respectively, with class or instance scope and various visibilities), 

inheritance relationships (called also IS_A), instance relationships (between a concept and its instances), inter-

concepts relationships (called also HAS_A and shown by UML relationships such as association, aggregation, 

composition, and dependency) and, finally, references between concepts’ instances - in a dynamic way during 

the game play process. As well, the model supports a restricted set of metadata for each concept which 

facilitates an easy interpretation of the data. Thus, both the textual and graphical content presented by the 

model will be used for generation of puzzles, quizzes, mazes etc. in a dynamic and reusable way. 

 

Fig. 6.1: Generalized view of concepts, instances, metadata and some of the model relationships 

The overall presentation of a concept as a class used within the model is shown in fig. 6.1. The class called 

SuperConcept has three attributes with classifier scope (with same values for all the instances). The 

conceptName provides the full title of the concept class (i.e., a course domain concept such as 

“Markup_language” or “Cascading_stylesheets”), while the name of a class instance may be given as a value 

of one of its properties called “Instance name” (i.e., “HTML” or “CSS”). For any class, there are shown all its 

super-classes (if any), and for a class instance the model shows the class whose instance is it by instanceOf 

reserence or by using the class name as a qualifier, e.g. “Markup_language:HTML”). Next, a class may 

contain a content description text and image (again with public visibility and classifier scope) and a list of 

class properties and resources – both named by means of couples (name, value) and with possible OCL 

constraints. Note that names and values of both properties and resources may be annotated within the 

Metadata class instance describing the semantic of each class. Names and values of attributes (properties and 

resources) may be of private, protected, public of package scope depending of the concrete visibility need. 

Private attributes cannot be inherited by any subclasses. Next, a concept may have one or more relationships 

of given UML type. As a minimum, a relationship may have name, direction, and roles and cardinality of the 

inter-related entities. In fig. 6.1, association (HAS_A) is not directed meaning it is traversable in the both 

directions. 

Fig. 6.2 gives a more detailed view of a of single association of type many-to-many between the concepts 

Product and Manufacturer. The semantic of the association is described by an UML association class called 
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Production. It may provide details about how the product production process is realized by given 

manufacturer, what are the quality parameters of the process, the key performance indicators, etc. Thus, the 

association class in fact annotates the association and may be annotated itself, as well. It might be used by the 

game engine for generating questions about the specificity of the inter-concept association. 

 

Fig. 6.2: Example of single association of type many-to-many described by association class 

 

Fig. 6.3: Example of compositions of concepts and relationships between some of their instances 

There are several HAS_A relationships described by the model and available for extraction by the game 

engine. Fig. 6.3 shows an example of compositions of concepts within a composite concept and relationships 

between some of their instances. In UML, both composition and aggregation represent parts-whole 

relationships. Many puzzles, word and problem solving games may be built on the top of these or other 

relationships such as dependencies and instantiation. 

6.1.2 Semantic structuring of an e-learning course in XML technologies 

This section presents how an e-learning course was semantically structured according the light-weight content 

model using UML class diagrams. The course concerns usage of XML technologies for building semantic 

Web and makes part of the bachelor program in Software engineering taught at Faculty of Mathematics and 

Informatics, Sofia University St. Kliment Ohridski.  

Figure 6.4 shows a UML class diagram of some terms from a bachelor course in XML technologies. Terms 

are semantically structured by their inter-relationships and, possibly, with some instances. For example, the 

terms “ANY”, “EMPTY” and “PCDATA” are subtypes of “Element type DTD declaration” having with it 

IS_A relations. “Element type DTD declaration” may compose “Sequence list”, “Choice list” and “Element 

quantifier”. There is shown only two instances – one of “Choice list” and another of “PCDATA”. 
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In fact, fig. 6.4 illustrates only a small part of the whole UML diagram of XML terms plus their relationships 

and instances. Such semantically-rich content models are comprised by a plenty of specific terms (such as 

DTD, XML Schema, DOM, SAX, etc.) and their interrelationships. These terms and relationships are to be 

extracted and integrated (preferably, automatically) in any board games suitable for educational purposes. 

Common functional modules of such games are grouped within a software framework allowing rapid game 

development on the base of semantically structured course content.  

 

Fig. 6.4: UML diagram of some XML terms and their relationships and instances 

Fig. 6.5 shows a UML class diagram of some terms from a bachelor course in XML technologies. Terms are 

semantically structured by their inter-relationships and, possibly, with some instances. For example, the terms 

“xml:”, “NOTATION”, “ID”, “IDREF”, “IDREFs”, “NMTOKEN”, “NMTOKENS”, “Enumerated”, 

“ENTITY”, “ENTITIES” and “CDATA” are subtypes of “attribute-type” having with it IS_A relations. 

“Attribute DTD declaration” may compose “attribute-type”, “default-value”, “attribute name declaration” and 

“element name”. There is shown only two instances – one of “Enumerated” and another of “CDATA”. 

 

Fig. 6.5: UML diagram of some XML terms and their relationships and instances 
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6.2 Construction and delivery of educational games 

6.2.1 Workflow of creation and delivery of educational games 

As stated above, computer games most suited for educational purposes are games using educational content 

included into a logical or practical problem to be solved such as simple word and board games, or more 

complex community games using video and special visual effects. The present framework for creation and 

play of educational games includes two chief issues: methodology and workflow of construction of simple 

educational games (in particular, word and logic games) and, on the other hand, software architecture and 

platform for game construction and play. The methodology is based on a workflow for game creation and 

delivery presented in fig. 6.6. It involves four actors, as follows: 

 

Fig. 6.6: General workflow for educational game creation and delivery 

 Content author – provides educational content in a semantically structured way, by means of using 

appropriate authoring tools; semantic relationships among content terms are going to be written to a 

common repository and, latter, to be used within any educational game using that content; 

 Game developer – creates new simple educational games such as word or logic games using a game 

construction software framework; 

 Course instructor – uses an instructor tool in order to select a game for given group of learners, to 

instantiate that game with selected semantically structured content from the repository, to 

parameterize that game instance and, eventually, to adapt it to some features of the learner model 

and/or to select some intelligent agents for playing the role of advisors, partners or opponents of the 

learner playing the game instance; 

 Learner – plays the game instance according to the parameterization set by the course instructor. 

The educational effect of such word/logic/board games is thanks to the fact these games make use of course 

contents organized in a semantic way. There are several stages to be described here. 
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6.2.2 Workflow stages 

 

Semantically-structured content authoring 

According the workflow of construction of educational games given below, learning courseware should be 

used at run time of game instances and delivered to learners. In order to facilitate dynamic extraction of 

educational content, the last should be structured in a semantically-oriented way. Such structuring should 

provide semantic information like concept types, data type properties, metadata and inter-concept 

relationships. 

As stated in chapter 3, there are chosen two ways for authoring semantically structured content. The first one 

relies on OWL as a XML-based language for describing ontology. OWL is rather powerful mean for 

describing more detailed range and domain specifications such as properties types, Boolean combinations, 

enumerations, and also class unions, intersections and complements. OWL specifications may be developed 

by free software tools like Protégé. The second approach is to author semantic relationships by using UML 

class diagrams, which provide intuitive and visual content modelling of class hierarchies, instances, class 

attributes, and relationships plus axioms. This approach is described in (Bontchev et al, 2011-1), with 

explanation of usage of concepts, instances, metadata and some of the model relationships. A practical 

advantage of this approach is possible usage of any UML-compliant free editor. 

 

Construction of new games 

The workflow supposes availability of an extensible game framework for an easy design of word and logic 

educational games. The game framework should provide basic business and graphic components (such as for 

text and graphic rendering and, as well, control over actions and events within the game) for a straight-

forward game design and, if needed, should be extensible by some new components created for special new 

games and being not available in the current version of the framework. Thus, the developer creates new games 

using existing gaming components and related actions and events, saves them in the common repository and, 

in some cases, may develop new components for specific cases such as for showing flying text, for example. 

An important feature of modern educational games is availability of intelligent agents to be included within 

the game play. The game framework should provide a library of such predefined agents and, as well, an 

appropriate agent framework for easy construction of new intelligent agents. 

 

Using games in instructional design of a course 

Educational games created by developers are ready to be used in any instructional design, according the vision 

and necessities of the instructor. The workflow includes the instructor role as a role of key importance of the 

way games will be incorporated into an instructional design. Fig. 6.7 presents an UML communication 

diagram for creation and initialization of a game instance (respectively, a game object). For accomplishing 

this, the instructor has two main tasks: 

 He/she has to choose the semantically structured domain content of a given course. The content is 

about given course and is stored in the common repository in appropriate XML format. 

 Next, the instructor should select a game in order to instantiate it and to parameterize the instance 

with values appropriate for given learner character (including properties of the intelligent agents if 

any). The instructor is able to include the game instance into given instructional design of that course 

via URL of the parameterized game instance. 
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Fig. 6.7: UML communication diagram for creation and initialization of game object 

Playing a game instance 

Finally, the learner access the game instance usually included in the flow of the curriculum of a course. For 

simplicity, any game instance is to be played in single player mode only. He/she may run once or more times 

the parameterized game instance at given place within the course. After finishing the game, the learner may 

get the correct answer and, probably, a feedback on the outcome of the game and the time elapsed for solving 

the task, whether successful or not. 

6.3 Software architecture of the framework 

While the previous chapter dials with the workflow of the proposed framework for creation and play of 

educational word and logic games, here there will be presented the architecture of the software platform 

supported that framework. It is designed in a modular way fully compliant to the workflow described above. 

Fig. 6.8 shows a view of the principal architecture of the platform for construction and play of educational 

games. Course content model may be structured semantically either as OWL document or as UML class 

diagram – in XMI (XML Metadata Interchange) format. In order to transform these semantic representations 

to entity-relation (ER) models, there are provided modules for OWL-to-ER and XMI-to-ER transformations. 

Thus, the high-level semantic content descriptions are transformed to ER representations stored into the 

common data repository. Next, these ER representations are used by the business components of the game 

construction frameworks controlling issues as follows: 

 terms (like word to be guessed); 

 relationships (such as inheritance, association or dependency relations among terms); 

 event handling, in order to be rendered and manipulated within the game play process. 

The visual Flex components control mainly text and graphic objects (such as the alphabet, labels with words 

or phrases, relation representations, images, timer, etc.) and the events initiated during the game play. Game 

developers are free to add newly created game components, if needed – for example, for board games, by 
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combining existing components, etc. Both new games and game components are stored into the common 

repository.  

 

Fig. 6.8: Principal architecture of the software platform 

 

 

Fig. 6.9: Partial view of the Instructor tool screenshot 

For any game created by the framework platform, software agents may be developed and used at game play 

time. For this purpose, the platform provides a framework for building and integration within games of 

intelligent agents.  



94 

 

The Instructor tool described in previous chapter is represented by a Game Factory component responsible for 

creation and initialization of game object (instance). Fig. 6.9 depicts a partial view of the Instructor tool 

screenshot. The instructor is about to create a new game object named test_ASSOC which will be instance of 

the Association game class. The instance will be used within a course module called Introduction to XML and 

presenting an overview of XML technologies. Other instances of the same game may use other course 

modules either of the same course or of other courses. The Association game has as a parameter only the 

Difficulty level (selected to be Easy) but not any agent type and agent’s parameters. For other games, an agent 

instance may be created and parameterized. Next, the instructor may change the parameters of a selected game 

instance in order to modify it for specific purposes. 

After creation of the test_ASSOC game instance the tool returns an URL which may be included into any 

page of that course module when appropriate. The game play component will instantiate the game instance for 

a given individual player (in single player mode) with content, parameters and, eventually, agent instance(s) 

as it has been selected by the instructor. Player’s events, feedback and timing are tracked by the game, thus, 

some game may use adaptive mode at run time or/and agents adaptive to the player character (e.g., playing 

style, performance, etc.).  

6.4 Usage of intelligent PRIME agents for educational games 

Intelligent agents play very important role in educational games. Chapter 3 shows agents might be used in 

various ways, such as simulation engine modules, competitive non-human players, collaborative non-human 

players, or human player’s advisors. The present framework is planned to use agents based on JADE (a FIPA 

compliant Java agent development framework) - for construction of simple agents, used together with JESS (a 

Java expert system tool) – for definition of rules defining behaviour of intelligent agents. Until present, other 

types of agent implementation has been used for serious and educational games, namely agents of the PRIME 

project and their modification. 

The European project PRIME - Providing Real Integration in Multi-disciplinary Environments (FP6-IST-

016542) aims in modelling, creating and evaluation of a Virtual Business Environment (VBE) for learning the 

entire life cycle of products and processes for all involved stakeholders and for gaining practical experience in 

strategic manufacturing through serious gaming (Boychev et al, 2006). The game model of PRIME represents 

a complex set of business processes modelled on real-life processes in industrial enterprises. The business 

processes are prioritized by their importance regarding strategic manufacturing and are described by 

sequences of decisions. For example, the Make-or-Buy decision is a complex one that is equally important (or 

have same priority) to the less complex Protecting Innovations/R&D decision. Thus, the PRIME serious game 

provides learning environment for business professionals in strategic manufacturing. The PRIME game 

utilizes strongly the concept of Artificial Stakeholder (AS) - the computer counterpart of the human player. 

Support of AS is not a feature but a requirement in PRIME. This is due to the inherent multi-participant nature 

of PRIME that requires a large number of players to interact together, thus establishing the business-to-

business markets.  

6.4.1 The PRIME conceptual model 

The PRIME conceptual model includes two basic user roles: System and Player. In the System role there are 

two types of users depending on there responsibility: 

 VBE Administrators - initialize and manage the whole VBE via the toolset. They can manage the 

game agents (i.e. AS and VBE agents). 



95 

 

 Moderators (Mentors) - monitor the game and players. Via the toolset they can manage AS as well, 

thus becoming “players” via proxy. 

The Players are also two kinds: 

 Real (Human) Players - play the game and manipulate game world through exposable Graphical User 

Interface (GUI)  

 Artificial Stakeholders - intelligent agents operating either as competitors to the players or as 

cooperative partners 

The role that each Artificial Stakeholder have to play is to act as an artificial player, created automatically for 

each Business Unit (BU) in the game. The ASs can act different roles depending on their business relationship 

to the players e.g.:  

 competitor - managing a similar BU;  

 collaborator - as a partner in a joint-venture or as a supplier. 

Furthermore the player can delegate responsibilities to an AS to care about his business, when the player goes 

offline. 

 

Fig. 6.10: Users responsibilities in PRIME 

Fig. 6.10 presents users responsibilities at conceptual level. Both mentors (moderators) and VBE 

administrators manage VBE and AS through the toolset. However, there are substantial differences between 

specifics of their management, based on their scope. The moderator is like a windows system power user 

whilst the VBE administrator has full access rights.  

6.4.2 The overall PRIME architecture 

Figure 6.11 shows the overall software architecture of the PRIME game with a special focus to the toolset and 

its interactions with the VBE server. The player’s client communicates to AS (in order to customize it) only 

through the VBE client-serve API. The client and the toolset both use a common VBE client-server API. AS 
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and Simulation cluster are controlled by specialized controllers. The hierarchal simulation model resides on 

the VBE server, which then keeps track of all the simulation nodes that may, or may not, reside on the same 

machine. AS controllers and Simulation controllers use specific interfaces for communication to the server, 

different from the common VBE client-server API. 

 

Fig. 6.11: Overall software architecture of the PRIME game 

The role of an artificial stakeholder may be that of a competitor or collaborator, all depending on their internal 

personalization and the managed business unit. Different behavioural models of the AS could be 

accomplished by fine-tuning of various AS preferences such as minimal required profit margin (Boychev et 

al, 2006). 

6.4.3 The PRIME agent architecture 

Unlike the human player, the artificial stakeholder is required to implement the decision flow process to be 

able to manage a business unit. Fig. 6.12 presents the architecture of AS. The essential decisions are those that 

allow the artificial stakeholder to react to the interaction of human players, but it is necessary to also include 

some of the pro-active decisions (goal and utility mechanisms) to avoid AS becoming passive and predictable. 

AS behavioural functionality can be divided into two layers: 

 Basic Layer – business process decision flow implementation; 

 Advanced Layer – solves optimization problems, e.g. distribution scheme, portfolio management, 

planning, scheduling etc. 

From an Artificial Intelligence perspective an artificial stakeholder deals with: 
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Fig. 6.12: Conceptual architecture of PRIME agents 

 data – perceived through its sensors facts about the current VBE state and facts about its own (AS) 

state; 

 knowledge (for example, inference rules) – applied to the data it allows to infer new facts, to change 

the VBE state (through effectors), to change the AS state, and even to change the AS knowledge if 

adaptation and learning are taking place. 

It’s easily observable that to implement the Basic Layer the AS does not need sophisticated model of the 

virtual world and its own mission in it. Its behavioural patterns are mostly of the stimulus-response type. At 

this level the AS is closer to a Finite State Automaton. On the contrary, to implement the Advanced Layer of 

behaviour the AS needs sophisticated model of the virtual world. In order to optimize, to plan, to manage 

portfolio, etc. in a dynamic and non-fully predictable (at least because of the human players activities) world, 

the AS have to recognize and analyze relatively complex interrelations often involving time. Recognizing 

temporal dependencies and tendencies becomes of vital importance for AS successful operation. 

6.4.4 The PRIME agent implementation 

The implementation of AS behavioural functionality requires convenient and powerful tools for knowledge 

representation and knowledge processing. A survey of available knowledge representation and manipulation 

environments was made. In result, Protégé was chosen as Knowledge Base Management System and 

Algernon was chosen as a rule-based inference engine. These choices provide for flexible and possibly 

distributed architecture. On the other hand Protégé and Algernon integrate smoothly into the game 

(implemented in Java using CORBA), because they are also implemented in Java. The following figure 

presents the mapping of the conceptual AS architecture to three technology layers – Java, Protégé and 

Algernon. 

The AS sensors and effectors are implemented as Java methods communicating via CORBA with the PRIME 

server. Information about important PRIME server classes, which are of interest to the artificial stakeholders, 

is transferred via xml file to the Protégé layer at initialization time. It is used to create appropriate Protégé 

classes. 

When sensors register changes of the server state, which might be of interest to the AS, corresponding Protégé 

instances are created, which in turn fires appropriate Algernon forward rules. The triggered inference process 

may involve also backward-chaining inference rules, as demonstrated in the example described below. 
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Fig. 6.13: Mapping of the conceptual AS architecture to three technology layers 

Side effects of the inference rules execution include change of the knowledge base state (Protégé), and 

activation of effectors methods which changes the server state. So, the virtual world and the artificial 

stakeholder itself are modelled via appropriate Protégé classes and instances. The AS behaviour is defined by 

a set of Algernon forward and backward rules. The possibility to mix forward and backward rules in a single 

decision process suitably matches the human way of doing things. 

6.4.5 A PRIME agent example 

This section presents an example of typical for the current stage of AS implementation scenario. 

Let’s consider the following situation: a human player wants to buy some product or row material and creates 

tender for it. The player expects to obtain several bids and to choose the best one. There might be very few 

real players or even no one who produce the needed product and eventually no one might place a bid. In such 

a situation, the game moderator prepares in advance a number of artificial stakeholders and sets them to 

produce the necessary products and row materials. Thus the player receives several bids and the negotiation 

can start. The value of artificial stakeholders in shaping the learning environment is obvious. 

The artificial stakeholder forms its bid after analyzing the preliminary contract attached to the current tender. 

The artificial stakeholder uses its knowledge to decide whether the conditions of payment, the delivery date 

and the penalties of the contract are acceptable. He could agree with these conditions or could change some of 

them. Then a signed contract is sent back to the real player. The player, on his turn, can accept the artificial 

stakeholder’s conditions or can change some and send it back to AS. The process of negotiation continues 

until both sides conclude an agreement or one side decides to stop the negotiation. 

The artificial stakeholders are characterized by a set of properties related to agent’s behaviour, for example 

profit margin. The game moderator can provide different values for the characteristic properties, thus 

instantiating several agents with different behaviours. As result, in the described scenario all artificial 

stakeholders might respond to the tender, but their bids might have different conditions. 

Generally, depending on the AS properties and the properties of the contract, the AS decides whether to agree 

with the contract, to start negotiation or to not participate in the tender. The decisions of the AS are based on 

Algernon backward- and forward-chaining rules. This process starts when a player creates a tender object on 

the server. An independent process checks periodically the server for new tenders. When a new tender is 

created on the server, the same process creates a tender instance at the knowledge base with the same 

properties. The creation of a Protégé tender instance, automatically fires the forward rules attached to tender 

classes. The rules check if the conditions of the contract satisfy each AS and if they do, a new contract is 

returned to the player or a negotiation is started. 
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If a negotiation is started and the human player does not accept all conditions specified by the AS, he could 

change them and send back the contract to the corresponding AS. An event is thrown and an independent 

process creates a contract instance at the knowledge base with the properties of the contract specified by the 

real player. Another forward rule is fired only for the artificial stakeholder who participates in the negotiation. 

This rule specifies how the AS behaves on the reply of the real player. 

In Algernon it is possible to use forward, as well as backward chaining rules in one inference process. The 

agents acting in the described scenario take advantage of this approach: the rule deciding if the agent will 

negotiate or not is forward chaining rule, but the rules checking contract clauses for appropriateness are 

backward chaining rules. Thus the forward rule remains relatively short and expresses clearly the main line of 

decision, leaving the details to the backward rules. 

6.5 Lightweight intelligent agents for educational games 

In the previous section, there was described a three-layered architecture of the software agent. That approach, 

although fruitful, left the impression that in many cases the full power of Java, Protégé and Algernon would 

not be needed. Therefore, this three-layered architecture could be implemented by more “lightweight” means. 

The ideal solution would consist of maximum lightweight tools for the trivial cases, and enough openness to 

provide for easy inclusion of heavyweight tools, such as Protégé and Algernon, if needed.  

6.5.1 Software architecture of lightweight intelligent agents 

Recent advances of software technologies, stimulated by Web Services and Semantic Web areas, provide 

interesting approaches, tools and ideas from which we could benefit in this aspect. The ideal solution would 

consist of maximum lightweight tools for the trivial cases, and enough openness to provide for easy inclusion 

of heavyweight tools as Protégé and Algernon if needed. Currently, our choice falls on Persevere Server - an 

object storage engine and application server (running on Java/Rhino) that provides persistent data storage of 

dynamic JSON data in an interactive server side JavaScript environment (fig. 6.14). Among its many features, 

the following have to be noted: 

 Create, read, update, and delete access to persistent data through a standard JSON HTTP/REST Web 

interface; 

 Comprehensive referencing capabilities using JSON referencing, including circular, multiple, lazy, 

non-lazy, cross-data source, and cross-site referencing for a wide variety of object structures; 

 Data integrity and validation through JSON Schema; 

 Class-based data hierarchy - typed objects can have methods, inheritance, class-based querying; 

 Full access and control over Java libraries via JavaScript. 

Placing Persevere Server at the base of our intelligent software agent’s implementation, the three layers 

architecture mapping to technologies evolves to: 

 JavaScript methods to implement agent’s sensors and effectors, communicating with the game server 

through a standard JSON HTTP/REST Web interface; 

 Persistent JavaScript/JSON classes, methods and instances to implement the virtual world model; 

 JavaScript methods to implement the agent’s decision-making functionality, when the decision-

making process is not too complex. 
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Fig. 6.14: A lightweight implementation of the three layer architecture based on Persevere Server. 

 

 

Fig. 6.15: A three layer architecture based on Persevere Server with heavyweight tools included. 

If the case at hand imposes complex intelligent software agents, Persevere Server provides for easy inclusion 

of additional Java libraries. For example Protégé (if complex, ontology-based knowledge have to be used), or 

Algernon (if complex rule-based decision-making process have to be implemented), or JOONE (if neural 

networks approach to intelligence is chosen) – any tool written in Java and having well-documented Java API 

could be easily included and used (fig. 6.15). 

If the case at hand imposes complex intelligent software agents, Persevere Server provides for easy inclusion 

of additional Java libraries. In fact, any tool written in Java and having well-documented Java API could be 

easily included and used. This architecture is used in the presented here experiments. 

6.5.2 Implementation of a memory game using agent as opponent 

The memory game does not impose high complexity on the participating software agent, comparing with 

other types of games. Thus the agent's resources are concentrated on adapting a chosen strategy to the user's 

evolving model, built and exploited by the agent.  

Let us consider several specific opponent agents, demonstrating, although quite in a basic way, how the 

agent’s functionality responds to the strategic goal(s) we pursue: 

1. Goal: Mimic human player’s features 
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 STM agent – a simple agent, which knows the proper associations, but simulates short-term memory 

(STM) capacity, i.e. memorizes only the last N moves. Comparing the user success to the results of 

agents initialized with different N values, some conclusions about the users STM capacity might be 

drawn. 

 PK agent – a simple agent, which models partial knowledge of the proper associations, by using 

parameter 0<P<=1, representing the probability to guess properly the correct association. 

Note: both described agents might be adaptable – they can dynamically change their N or P 

parameters, to keep their success rate close to the human player's. 

2. Goal: Stimulate human’s performance 

 Average Adaptive agent. The agent “knows” all tile’s values from the start, but deliberately makes 

“wrong” moves to keep in pace with the human's rate of success. Sometimes, to help the user, the 

agent may make “wrong” moves by turning a tile, most appropriate for the human's next move. 

Note: this agent might function in tolerant mode (by keeping its success rate a little bit below human’s 

average) or in aggressive mode (by keeping its success rate a little bit above human's average), thus 

stimulating the user to perform better. 

Those and more agent's types can be used in experimenting with different user target groups in order to 

specify more precisely the relationship between user classes and appropriate agent models and parameters, 

implementing strategies. 

The popular memory game was implemented including an option to play against software agent of the 

Average Adaptive type, as described within the field trial below. 

6.6 Field trial 

The workflow and the framework platform for creation and delivery of educational games described above 

define a simple process allowing creation not only of word and logic games but games of other types as board 

games, as well. The first prototype of the platform was implemented in Java and Adobe Flex and allows single 

user games to be created by using ready custom Flex components. Furthermore, the framework allows 

creation of other logical games using Flex editor, in which existing built-in components are combined and 

parameterized appropriately. Each game is created in the object class factory calling a Web service with 

parameter identifier of the game. The Web service returns data for the game instance and used course content. 

6.6.1 Sample example of non-agent word games constructed by the 

framework 

In order to assess the practical value of the constructed software framework for construction of logic games 

such as puzzles, quizzes, and other word games, four games of that type have been created, namely hangman, 

anagrams, associations, and memory game. All these games use the semantically structured content of the 

bachelor course in XML technology described above. Next, design ideas of the games are presented in brief 

and illustrated by partial screenshots showing only the main graphic objects but not title, hints, clock, results, 

etc. 

Fig. 6.16 shows a partial view of the hangman game using XML terms from the framework semantic data 

model. The frame over presents the word or term to be guessed and the frame below contains a keyboard 

(both graphic components are built in the framework). Learners may get a clue helping them in guessing the 

term. The both images from the right side are controlled by built-in framework components, too. 
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Fig. 6.16: Partial view of the hangman game with XML terms 

Next figure presents a part of a screenshot of the anagram game. Learners have to guess the anagram and to 

drag and drop its letters to the positions at the frame below.  

 

Fig. 6.17: Partial view of the XML terms anagram game 

 

Fig. 6.18: Partial view of the XML term relationships game 
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Fig. 6.19: Partial view of the memory game with matching of XML terms 

While the games illustrated over deal only with terms of the course content, next two games use both terms 

and relationships between them. Fig. 6.18 presents a screenshot of unsuccessful finish of the association game, 

where the learner has to match the concepts shown left to their super-types given on the right side. Thus, the 

used relationship is typeOf though other relations are possible such as dependsOn, consistsOf and instanceOf. 

Matching is introduced simply by dragging and dropping any of the left terms to one at the right side. A time 

counted is shown at the bottom left corner by means of using the timer component. For a limited time, the 

player has to connect the terms in a correct way according their semantic relationship as described by the 

author in an OWL or UML model for that learning course. 

Finally, figure 6.19 gives a partial view of the memory game with matching of XML terms. Here, pairs of 

term – super-type term are to be found among all the tiles with hidden titles. After mouse click over a tile, its 

title (i.e., term) turns to be visible. Mouse click on another tiles shows its hidden term, too, and if both the 

term are in relationship, these tiles disappear and the learner gains a point. Otherwise, on next mouse click on 

another tile both the tiles disappear and the learner should remember their terms. Thus, the game trains 

memory of the learner and strengths his/her knowledge in the course domain.  

6.6.2 Introducing AI agents to the memory game  

The positional memory board game was implemented by using an intelligent agent playing the role of player’s 

opponent, as explained in 6.5.2. Fig. 6.20 provides a snapshot of the memory game for matching XML terms 

to their instances – both linked into couples by means of instanceOf relationships in fig. 6.4. The player has to 

click first onto a blue cell in order to see its hidden term. Next, he/she should click onto a yellow cell 

supposed to contain the hidden instance of this term. The yellow cell shows its contents and, if the instance 

matches the term, the player receives a point and both the term and instance are appended by a red suffix 

showing the number of that match, and continue being displayed. Otherwise, the player looses a point and 

both the term and instance disappear. The game is over when all the terms of the blue cells are matched to 

their instances. 

Left on fig. 6.20, there is given a list of players’ results until the present moment. Some of them are reached 

within single user games as explained above, while others are resulted in playing against an artificial agent 

called AA. In the last case, game play is controlled in turns – the player tries to match a term to its concept 

and next, the agent does the same. Thus, player is supposed to learn not only from his/her mistakes but from 

wrong moves of the agent, too. 
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Fig. 6.20: The agent-based memory game for matching symbols with minimum number of mouse clicks 

6.6.3 Practical experiments with educational games using semantically-

structured learning contents 

The experimental field trial aimed at evaluation of student appreciation of games used for courseware delivery 

with learning style adaptation (Bontchev and Vassileva, 2012). In executed practical experiments participated 

49 four-year students of the bachelor program in Software engineering at Sofia University, Bulgaria. The 

students were taught by several modules of an adaptive edutainment course in XML technologies using the 

ADOPTA platform and had appropriate instructional design for individual learning styles, i.e. containing 

paths with LOs most suitable for the combinations of individual learning styles of Honey and Mumford, 

namely activist, reflector, theorist and pragmatist. The adaptive game-based course occurred to be more 

efficient in terms of gained knowledge and skills than its non-adaptive version - students taken the adaptive 

version of the same course demonstrated better performance - with 76,75% average result, while the first 

group showed 67,14%. 

Educational games with no intelligent agents 

After the course, students filled a questionnaire, which results show adaptive, game-oriented learning is much 

more appealing and efficient, even without artificial agents. Some of the questions were focused on the impact 

of games over the course at all. The questions with answers in Likert scale are given below: 

 Q31: Do you think than presented games in this course correspond to your learning style 

(theorist/pragmatist/reflector/activist)? 

 Q34: Do you think that usage of educational games will improve the adaptive learning process? 

 Q37: Do you think that games used within the adaptive course will be more effective through mobile 

interface? 

As well, the questionnaire contained some question with answers in non-Likert scale, such as: 

 Q36: What type of games given below can improve mostly way learning process? – with possible 

answers: 

1. strategic games (construction, production, management, …) 
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2. logic games (puzzles, mazes, word games) 

3. shooting (actions) games 

4. role-playing games 

5. adventure games 

Fig. 6.21 provides a view of answers for questions 31, 34 and 37. It is obvious that the majority of learners 

think educational games’ usage will improve certainly the adaptive learning process. At the same time, many 

of them share the opinion the games included into the course do correspond to their learning style, while the 

dominant styles of these students are found to be theorist and reflector – as expected for mathematicians and 

software engineers. On the other hand, students do not find game mobile interface to be a must for an effective 

adaptive e-learning.  

 

Fig. 6.21: Results for questions 31, 34 and 37 

 

 

Fig. 6.22: Answers for question 36 

Fig. 6.22 provides a bar chart view of results about games types helping mostly the e-learning process. As 

authors have expected, students prefer at most logic (problem-oriented, word) games and strategic games for 

realization of an efficient adaptive e-learning. They recognize shooting, role-playing and adventure games are 

not appropriate for game-based learning. 

Another special questionnaire was conducted in order to determine the benefits and possible concerns of 

introducing artificial agents in some educational games such as the agent-based memory game presented over. 
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Educational games with intelligent agents 

This experimental field trial aimed at evaluation of student appreciation of single user memory games with 

XML content, with intelligent agents. In executed practical experiments participated 30 four-year students of 

the bachelor program in Software engineering at Sofia University, Bulgaria. After plaing the memory game 

with agents, students filled a questionnaire about the efficiency of such game based learning approach. The 

questions had answers in Likert scale (Strongly disagree, Disagree, Neutral (neither agree nor disagree), 

Agree, Strongly agree) as given below: 

 Q1: The presence of an agent motivates me to play better and more. 

 Q2: The presence of the agent suppresses me and prevents me from playing well.  

 Q3: The agent behavior designed within the game simulates successfully another real player. 

 Q4: Educational games representing problems to be solved using course content are very useful for 

self-learning and self-test. 

 Q5: I feel educational games will have a positive contribution to University education and technology 

enhanced learning at all. 

As well, the questionnaire contained a question with answers in non-Likert scale: 

 Q6: What type of game construction is most suitable for e-learning purposes? – possible answers here 

are as follows: 

1. Single user games with no agents 

2. Single user games with simple software agents 

3. Single user games with artificial intelligence (AI) agents 

4. Multi-user games with no agents 

5. Multi-user games with simple software agents 

6. Multi-user games with AI agents 

 

Fig. 6.23: Results for questions Q1 ÷ Q5 

Fig. 6.23 provides a view of answers for questions from Q1 to Q5. It is obvious that the majority of learners 

find software agents do not prevent them from playing well even more – a presence of such an agent does 

stimulate them within the game play. However, students cannot agree on successful simulation of real player 

behavior on behalf of a software agent in the course of an educational game (question Q3) – in fact, their 
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opinions are divided into two quasi equal groups. At the same time, all of them share the opinion that 

educational games representing problems to be solved using course content are very useful for self-learning 

and self-assessment (Q4). In general, they think games will have a positive contribution to University 

education and technology enhanced learning at all. 

 

Fig. 6.24: Answers for question Q6 

Fig. 6.24 represents distribution of the answers of question Q6. The majority of students find both single and 

multi-user games with AI agents most suitable for e-learning purposes. As well, they agree on the assumption 

that even games with simple software agents will have a positive impact on educational process, especially 

single user games. The found results sound very encouraging in terms of new development of intelligent 

agents for educational games. 

6.7 Conclusions 

Game based learning continues being more and more promising and has real chances to become a common 

practice in schools and universities. This trend will be facilitated by availability of simple and effective 

frameworks and platforms for rapid development of educational games, with easy adaptation for use within 

diverse course curriculums. Such software tools for creating educational games should provide an opportunity 

for integration of new educational content, provided it is properly structured and semantically organized. 

The aim of the presented work was to provide effective both workflow and software platform as a framework 

for development of simple single-user educational games that can easily be parameterized, instantiated and 

executed, with or without intelligent agents. Construction and delivery of such logic and word games provides 

many benefits, as follows: 

 Games make use of semantically structured course content and may be instantiated many times over 

semantic descriptions of various course terms and concepts; 

 The game construction modules and intelligent agent framework are fully extensible with new 

components; 

 From an architectural point of view parts of the system can be easily replaced or enhanced according 

to technological and customer requirements at the time; 

 The system workflow separates game development (supposed to be done by game developers) from 

parameterization of game instances (by course instructors) for particular context of usage (including 

domain, scope, learner’s goals, styles and other characteristics, etc.).  
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The added value of such joint efforts of content authors, game developers, course instructors and gaming 

learners depends strongly on clean separation of repeatable activities for each role and, on the other side, on 

the synergy gained within a successful collaboration process among all the process stakeholders. 
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7 Final conclusions and future works 
Construction of software tools and platforms for technology enhanced learning is a very important area of 

research and practical implementation and, thus, requires joint efforts of software engineers, programmers, 

content authors, instructional specialists and teachers. It is a continuously growing branch of the software 

industry and bears more expectation for more effective technology enhanced learning during current decade. 

This habilitation thesis presented three e-learning platforms: ARCADE - a traditional open learning 

management systems, ADOPTA – an adaptive hypermedia platform for edutainment, and a software 

framework for construction of educational games. These platforms have been created and experimented in 

practical e-learning courses in the scope of several research projects conducted under supervision of the 

author. The obtained experience and experimental results may be used for new projects concerning creation of 

tools and platforms for modern e-learning, aiming at better cost-effectiveness, new adaptivity approaches, 

massive game based learning and usage of intelligent agents. 

Adaptive hypermedia platforms continue being a challenge in modern development of technology enhanced 

learning. This chapter addressed practical approaches for design and construction of courseware delivery with 

adaptation on one hand to learning style and, on the other hand, to knowledge level (i.e., to student 

performance). The approaches were implemented successfully using the ADOPTA platform, together with a 

field trial aiming at general evaluation of the platform and assessment of effectiveness of the adaptation to 

learning style and knowledge. While adaptivity to learner style is achieved on the base of explicit learner pre-

tests and adaptive navigation within the storyboard graph, adaptivity to learner's performance is implemented 

via adaptive content selection by using assessment results at each control page of the course in order to select 

LOs with appropriate level of complexity for a given learner. Both the types of adaptation are managed by the 

adaptation control engine of the ADOPTA platform. 

Though experimental results gained by the initial case study are quite positive, there should be mentioned 

some shortcomings of the chosen approach. First at all, learning style of an individual is not fixed forever but 

may evolve with time, even during delivery of a course. Therefore, learning style should be assessed not only 

by a pre-test in the very beginning of the course but also at some latter points. However, filling up several 

times the same questioner containing decades of questions for determining individual style would be tedious 

and boring for learners. A much better approach for the practice will be determining learning style implicitly 

during the e-learning process, e.g. by an intelligent agent tracking learner behaviour and choice of types of 

learning objects. Therefore, this should be a starting point for our future works. On other hand, optimizations 

could be introduced to work process of instructors, as well. For the moment, they should develop paths for 

adaptive e-learning within the course graph and, next, to set weights of these paths for different learning styles 

of the chosen style family and to place on pages of the paths and to tune various LOs of different level of 

complexity. Another, much easier and faster approach would be to set appropriateness of LO for learning 

styles together with LO complexity level while authoring learning ontology and course content by means of 

the authoring tool. Next, the instructor should only select within the ontology the order of partitions of the 

ontology to be delivered to learners. Then, the adaptation control engine will start traversing these ontology 

partitions in the selected order and will choose LOs appropriate for particular learner style and performance. 

For sure, such an approach misses ordering and annotation of individual LOs according an advance 

pedagogical strategy for a specific learner character, however, it would be much easier for practical usage and 

therefore should be considered for future design and experimental works. 
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The aim of the formal game model is to serve as a base for construction of both game design tool and run-time 

control engine for educational game execution. The formal description will be used for creations of definitions 

of board games and, next, for execution of the formal rules by the engine. The presented approach for 

realization of software agents for educational board games combines ideas from open architectures, distributed 

and agent programming, and Web services. In our case, usage of such software application would shorten the 

design and implementation phase and would provide smooth implementation iterations at later stages. For 

example, a simulation engine module providing market price of some product could be implemented as 

random-walk generator at first. Later this module could be evolved in more complex model establishing 

relation to supply and demand dynamics. Similarly, an intelligent software agent could be primitive in the 

beginning and later be replaced with a full-blown artificial intelligence agent, if appropriate. 

The proposed combination of technologies and tools provides also good ground for applying extreme 

programming techniques. It facilitates usage of agile principles and spiral approaches to project management. 

The last is very important, because the model is going to be used as a basic paradigm for development of a 

multimedia game platform for an e-learning system providing adaptive courseware. The model should be 

extended by metadata for each type of game in order to describe what type of user a particular game is 

appropriate for. Thus, different types of learner will be offered different serious educational games according 

to their psychosocial profile, interests and knowledge. 

On the other hand, successful adaptation to the learner model may be used within a massive game based 

learning as a part of blended learning approaches. Nowadays, the most popular and useful types of cognitive 

games used for education in natural sciences are quizzes, puzzles and problem solving games. Such games 

may be viewed as board games, which suppose moving figures across a surface (board or a map) using 

counters. Game types such as word, logic, board or problem-oriented games may utilize semantically 

organized course content for dynamic extraction of terms, concepts, and semantic relationships such as sub-

typing, association, aggregation, instantiation and dependency. A model for such semantic structuring of 

educational content was proposed, where UML (Unified Modelling Language) class diagrams are used for 

intuitive and visual content modelling providing class hierarchies, instances, class attributes, and relationships 

plus axioms. On other hand, OWL (Web Ontology Language) is a more powerful XML language for 

representing ontology by means of data type properties, restrictions (e.g., cardinality), properties types such as 

transitive, symmetric, inverse and functional, Boolean combinations, enumerations, class unions, intersections 

and complements. However, there are much more UML modelling tools available than OWL editors. As well, 

UML class diagrams may be transformed into OWL representations. 

Another great fuel for educational games development is creation of intelligent agents participating games as 

tutors, collaborators, opponents, etc. Agents are very promising in embodying innovative strategies for content 

(courseware) presentation and various interdisciplinary approaches dealing with complexity. Usually, they 

execute rules controlling tutor’s behaviour, collaboration and shared control. Intelligent agents may act in 

adaptive way by extracting cognitive, affective, learning/gaming style and social characteristics of individual 

learner in an implicit way. In general, agents may have various levels of implementation complexity - from a 

simple search procedure to controlling multidimensional state space of a virtual world model. For complex 

games representing virtual worlds, agents may cooperate within a community of social agents. 

For a mass invasion of games usage in education, teachers need simple and rapid process of constructing 

educational games. Classical word puzzles may be easily constructed as board mini-games (Bontchev and 

Vassileva, 2010). The building parts of a work puzzle being partial images or letters may be represented as 

objects, which are be moved to the correct positions while wrong moves are possible. More complex logical 

quizzes and quest may require not only simple moves but also some other player action types like single and 

double clicks onto objects and object relations. 
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The proposed combination of effective adaptation methods, semantically-structured courseware model, agent 

technologies and game frameworks and tools provides a good ground for further development of other word 

and board educational games and, on other side, for creation of new, more intelligent software agents. The 

conducted surveys show that presence of an agent motivates students to play better and more. As well, the 

author is highly encouraged by the students' appreciation of the agent behaviour designed within the game 

which may simulate successfully another real player. He plans to develop more intelligent agents in order to 

incorporate them into the game framework and, thus, to allow non-software education specialists to create 

new single- or multi-player educational games. In order to be applied in an effective way, such game should 

provide adaptation to some characteristics of the learner model as it has been demonstrated for the ADOPTA 

platform for technology enhanced adaptive learning. 
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Appendix A: Terms and abbreviations 
 

 

ACE - Adaptation Control Engine 

ADL - Advanced Distributed Learning 

ADOPTA - ADaptive technOlogy-enhanced Platform for eduTAinment 

AICC - Aviation Industry CBT Committee 

AHS - Adaptive Hypermedia Systems 

AM  - Adaptation Model  

ANSI - American National Standards Institute 

AOP - Aspect-Oriented Programming  

ARCADE - Architecture for Reusable Courseware Authoring and Delivery 

ARIADNE - Alliance of Remote Instructional Authoring and Distribution Networks for Europe 

AS  - Artificial Stakeholder 

ASI  - Assessment Section Item 

CAM - Content Aggregation Model 

CBD - Component-Based Design 

CBSE - Component Based Software Engineering  

CBT - Computer-Based Training 

CSCL - Computer-Supported Collaborative Learning 

CP  - Control Page 

DbC - Design by Contract  

DeLC - Distributed e-Learning Center 

DTD - Data Type Definition 

EJB - Enterprise Java Bean 

GUI - Graphical User Interface 

IEC  - International Electro-technical Commission 

IEEE  - Institute of Electrical and Electronics Engineers 

IBT  - Internet-Based Training 

IMS  - Instructional Management Systems 

ISO  - International Standards Organization 
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ISSS - Information Society Standardization System 

JSP  - Java Server Pages 

LD  - IMS Learning Design 

LCMS - Learning Content Management System  

LMS - Learning Management System 

LO  - Learning Object 

LOM - IEEE Learning Object Metadata 

LSP - Liskov Substitution Principle 

LTSC - IEEE Learning Technology Standards Committee 

OCL - UML Object Constraint Language 

OOAD  - Object-Oriented Analysis and Design 

ODM - OMG Ontology Definition Meta-model 

OMV  - Ontology Metadata Vocabulary 

OOP - Object-Oriented Programming 

OWL - Web Ontology Language 

PRIME - Providing Real Integration in Multi-disciplinary Environments 

QTI - IMS Question and Test Interoperability 

RTE - Run-Time Environment  

SAAS - Software as a Service  

SCO - Shareable Content Object 

SCORM - ADL Shareable Content Object Reference Model 

SISTER - Strengthening the IST Research Capacity of Sofia University 

SLA - Service Level Agreement  

SOA - Service-Oriented Architecture 

SOD - Service-Oriented Design 

STM - Short-Term Memory 

TEL - Technology Enhanced Learning 

TIGRS - The Independent Game Rating System 

UML - Unified Modeling Language 

VLE - Virtual Learning Environment 

W3C - WWW Consortium 

WBT - Web-Based Training 

WP  - Work Path 

WS  - Web Service 
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WSDL - Web Service Description Language 

XML - eXtensible Markup Language 

XSL - XML Stylesheet Language 

XSLT - XSL for Transformations 
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