1.0 THE PROPOSED RESEARCH

1.1 Introduction

The proposed research concerns the development of an intelligent multimedia teaching system for Databases. The planned system (IMSTD) is also generally known as an intelligent tutoring system (ITS). The scope of the study will be limited to Data Modelling for Databases. An animated pedagogical agent (EJEN) will be incorporated into the learning environment to create a motivating setting for the students. 

One important feature in the system will be a tool that will transform a natural language database specification into an ER model. This ITS does not only serve as a tutoring environment for the students but also as an aid for the educators. Though the design process is not fully automated as user intervention is needed to handle inconsistencies and ambiguities, the tool aims to minimize this intervention. This is done through a supervised learning received the system whereby it builds up its knowledge every time it sees a new ER problem.  

1.2 Overview of Data Modelling
The first step in designing a database application is to understand what information the database must store for the given enterprise and what integrity constraints and business rules apply to the data (Ramakrishnan, 1998). This step is known as requirements analysis. The information gathered in this step is used to develop a high-level description of the data to be stored in the database, along with the data constraints. This step is referred to as conceptual design, and it is often carried out using the ER model. 

ER model is built around the basic concepts of entities, attributes, relationships and cardinality. An entity is an object that exists in the real world and is distinguishable from other objects. Examples of entities include the following: a student, an employee and a book. A collection of similar entities is called an entity set. An entity is described using a set of attributes. The attributes of an entity reflect the level of detail at which we wish to represent information about entities. For example, the Student entity set may have  ID_number, Name, Address, Course and Year  as its attributes. A relationship is an association among two or more entities. For example, we may have a relationship from this sentence: A student may take many courses. ‘take’ implies a relationship between the entity student and course. Cardinality represents the key constraint in a relationship. In the previous example, the cardinality is said to be many-to-many, to indicate that a student can take many courses and a course can be taken by many students. In an ER diagram, an entity is normally represented by a rectangle. An ellipse usually represents an attribute meanwhile a diamond shape shows a relationship. A cardinality is represented by 1 for the one-sided and M for the many-sided.

Conceptual database design gives a set of relation schemas and integrity constraints that can be regarded as a good starting point for the final database design. However, the relation schemas may suffer from inconsistencies and redundancies. Thus, given a relation schema, a decision has to be made whether it is a good design or further decomposition is needed. The decomposition process into several normal forms with desirable properties is referred to as normalization.

Normalization is often performed as a series of tests on a relation to determine whether it satisfies or violates the requirements of a given normal form (Connolly and Begg, 1999). The normal forms based on functional dependencies (FDs) are first normal form (1NF), second normal form (2NF), third normal form (3NF) and Boyce-Codd Normal Form(BCNF). The process of normalization is a formal method that identifies the relations based on their primary key (or candidate keys in BCNF) and the functional dependencies among their attributes.   

1.3 Importance of research

The difficulties in dealing with conceptual and logical design of databases have been well documented in past research studies (Batra and Antony, 1994; Moody, 1996; Storey and Goldstein, 1988; Marsden and Staniforth, 1996). Some educators also expressed their concern on whether they are teaching database design properly to students (Carpenter, 1992; Kleen, 1993). As most information systems need a reliable database, the correctness of database design is very influential in the quality of these systems. However, due to its complexity, database design can be error-prone, especially when handled by novice designers (Batra and Antony, 1994). 

Batra and Antony (1994) have studied the processes employed by novice designers engaged in database design to gain an understanding of error causing factors. These factors are important for system developers and researchers in building tools and techniques that could prevent database design errors and thereby enhance the quality of information systems. This study, which focussed on conceptual data modelling, showed that there are three factors that account for errors in database design :

1) Complexity of the task

Past experiments (Batra et al., 1990) suggested that novices face much more difficulty in modelling relationships rather than entities. One of the reasons stems from the fact that given a set of entities, there are potentially a very large number of possible relationships.

2) Use of heuristics that lead to biases

Heuristics are simple procedures which are often guided by common sense, meant to provide good but not optimal solutions to difficult problems, easily and quickly (Zanakis and Evans, 1981). In general, heuristics are often useful, but sometimes they may lead to severe and systematic errors called biases. An example of a good heuristic is a requirement that specifies that the degree of a relationship should be a minimum (binary). Another useful heuristic is that if it has been determined that two entities  have a binary relationship  they will not be involved in another higher degree relationship. Although this is true most of the time, the designer should be careful to ensure that the heuristics does not lead to a bias in modelling the relationships.

3) Inexperience and incomplete knowledge of the novice 

Given the restricted length of training, it is not surprising that a novice has limited knowledge and skills. Experts often draw from past experiences, but whether their approach can be applied to novices still remains a question. The important issue is how can the novices be trained effectively and efficiently ? 

1.3.1 Difficulty in ER Modelling

Moody (1996) gave four reasons why entity relationship models are difficult to understand.

1. ER models “look” technical

The average user finds that ER models are not obvious in their meaning. In addition, they do not look very different from the other technical diagrams used in the system development process like network communication diagrams or system architecture diagrams – they consist of similar graphical representations like geometrical shapes connected with lines.   

2. The ER model does not handle complexity well

ER model is not able to cope with the large size and complexity of data models encountered in real world situations. When the number of entities becomes very large, it becomes difficult to understand and manage.    

3. Users find ER models abstract and difficult to relate to

Classification and generalization in ER models are two mechanisms that are used to derive entities. Classification is an abstraction used for grouping real world instances into classes or concepts. Entities (eg. Student, Book) represent classes of things rather than instances. However, users often find abstract representations of requirements difficult to relate to and need concrete examples to understand what they mean.

Generalization is a mechanism to construct more abstract concepts based on similar properties (attributes or relationships) of more specific entities (Elmasri and Navathe, 1994). This is presented through the use of subtypes and supertypes. In the example below (Figure 1) Postgraduate and Undergraduate are subtypes of Student. Student is the supertype of Postgraduate and Undergraduate. 





Figure 1. Representation of Subtypes and Supertypes

However users often find that highly generalised representations of data are difficult to understand. The level of abstraction of these models is a major barrier to their acceptance and understanding in practice.  

4. Entity relationship models are focused on design rather than analysis

Entity relationship model has been used to define the technical aspects of data, for the purpose of design. The current modelling representations have been focused on effective design rather than effective analysis. This raises a question: for whose benefit are data models anyway?  For the technicians or users? The reason for having ER models is to represent information requirements in a way that could be understood by users. It was not meant to describe the way in which data would be stored in the computer (Elmasri and Navathe, 1994).

1.3.2 Difficulty in Normalization 

Canavan (1996) outlined some general difficulties associated with normalization experienced by students. These include:

Early experience

Students start using a PC database package to create and manipulate data in single files. “Single file management” is fairly common and does not prepare them for the task of designing a database that meets the need of a complex situation where distinct interrelated ‘files’ of data are needed. 

Imperfect – but my own

Students rarely question their own choice of attributes (though it may lead to duplication) as they only have themselves to consider. It is difficult for them to see other alternatives unless they have to co-operate with others in creating a database.

Need for design

With little real understanding of what is involved in creating complex data processing systems, students see little need for ‘design’. The choices of fields for files are often guided by ‘common sense’ rather than techniques. When it comes to normalization, they cannot really appreciate the need for it.   

Reducing duplication

Apart from optimization, the most common justification for normalization is that it reduces duplication. Since student database files are usually small, they do not see any real problem with storage. 

Magic spells 

Students often have vague ideas on what is actually being produced at each stages of normalization The normalization techniques give the students a set of ‘magical steps’. Since they do not really understand the reasons for performing the various steps in normalization, they often get it wrong. 

The discussion above gave some evidence on the difficulty students face in database design, specifically in Data Modelling. To further support this, a survey has been carried out to determine the subject’s difficulty. The result and discussion of this survey is outlined in Section 3.1. It is clear that this problem area needs some attention, not just for the educators but also researchers and developers to offer their expertise in providing a solution. Thus, the aim of this research is to provide an intelligent tutoring system for teaching Databases, for the benefit of the students as well as the educators concerned.    

1.4 Objectives of research

The main aim of this research is to transform natural language input text of an ER problem into the ER model. The primary objectives are summarized as below:

· To design and implement a tool which is capable of transforming natural language input of example database specifications into ER models 

· To design and implement the following components of an ITS: a student module, tutoring module and a domain module

· To create a rich, face-to-face learning interaction through the use of a pedagogical agent

· To integrate all of the above components to form an intelligent multimedia tutoring system for teaching Databases (IMSTD) with a special feature that allows semi-automatic generation of the ER model

· To evaluate students’ and educators’ attitudes towards this ITS  
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