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Abstract:
In this paper we present ADDHA, a methodology for Analysis, Design and Development of Hypermedia Applications. The development techniques involved by this methodology can be applied to a broad spectrum of hypermedia applications, but in this paper, we focus on its use in the educational domain. ADDHA techniques fit properly with the construction of educational hypermedia applications because it provides a methodology for making explicit the logical structure and the semantic relationships between the basic units of the knowledge that make up the application. ADDHA also facilitates the interaction between educators and developers via the construction of precisely defined, and XML-based, application documents. The goal of our work is to test the advantages of ADDHA in the educational area, one of the most demanding fields for hypermedia applications.

1. INTRODUCTIOn

Computers can be a valuable tool in the educational effort. The pervasive use of computers is opening new frontiers in the educational arena: online tutorials and hypermedia applications are changing teaching strategies and creating new forms of interaction between students and teachers. In this context, the World Wide Web plays the role of a universal medium where all these activities can take place.

Due to its versatility, educational hypermedia applications are one of the most promising tools in the educational field. At its most basic level, these applications allow educators to make explicit a double organization. The first is based on the logic structure of the informational contents of the application. The second, permits educators to make explicit the semantic relationships between basic units of content (or knowledge). This basic organization can be used to guide students through an information space, and its exploration can be (more or less) controlled accordingly to predefined, or dynamically generated, patterns. This conception of information organization fits well with those tasks in which the user requires an intense understanding and learning [10].

The future role of the World Wide Web in education can be conceived as the role of a giant-like hypermedia build over the linking of thousands of heterogeneous pieces of information where bounds, if not disappear, are in practice unattainable. Trying to organize all these pieces of information can be an endless (and perhaps futile) task, but trying to organize each individual web-site, document or educational oriented web-application, is the task of every author that publish in the web. The main problem that web-authors must confront when doing its job is the lack of structuring power of HTML [12], the standard language of the World Wide Web. 

In this paper we present a methodology intended for the Analysis, Design, and Development of Hypermedia Applications (ADDHA). This methodology takes advantage of the structuring power of XML [11] to build such applications. ADDHA is conceived as a generic methodology, but the educational domain is an ideal application field. In the analysis and design phases, XML is used to make explicit the structure of the educational content and navigational/presentational scheme of the application in terms familiar to the customers.  At the final phase of development we can tune our design for various learning environments such as a stand-alone CD-ROM or a World Wide Web site. The methodology we present here is the outcome of our experience in the development of the educational hypermedia Galatea [2], a set of multimedia and hypermedia tutorials for the written and oral comprehension of Romance Languages.

The structure of the paper is as follows. In the next section we will describe ADDHA in an abstract mode. Then we will concrete ADDHA providing specific implementation techniques. After we will give details of how this methodology can be applied to the production of educational material using a small example. Finally, we will summarize our conclusions and future work.

2. ABSTRACT ADDHA Life cycle

The development of hypermedia applications can be considered as a particular case of software development. Several models of software development process have been proposed to solve the chaotic nature of software construction [7]. The main goal of these models is to provide developers with a set of well-defined and repeatable steps to guide the construction of quality software. Nowadays, the evolutionary model is the most commonly accepted. In this model, the life cycle is conceived as iterating over a number of activities, obtaining a prototype at the end of each iteration. In particular, we can depict this approach iterating over the classic waterfall model. Figure 1 shows a schema of this model.
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In this model customers provide an initial specification of the application that describes what the application have to do. This specification is the main product of the analysis phase. During the design phase, developers use this specification to decide how to build the application. The main product of this phase is a design document. This document must be a representation of the application powerful enough to guide code development. After design follows coding and testing. These phases can be iterated, obtaining at the end of each iteration prototypes, which must be evaluated by customers. The iteration process ends when the application meets customer requirements. Next we have the maintenance phase, and in parallel, there are several umbrella activities whose goals are to assure the integrity of the process.

In the design and development of hypermedia applications, customers play a more critical role. They provide not only the usual specifications, but also the contents and the navigational/presentational schemas of the application [6]. To confront with this problem we propose a modification of the previous model trying to involve customers more in the software life cycle. The main issue is to find a formalism precise enough as to be useful for developers, and simply enough as to be useful for customers. A deeper study of the relationships between educators (customers) and developers can be found in [2]. Figure 2 depicts our approach. 
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In abstract ADDHA we use a divide and conquer approach applied to software life cycle. During the analysis phase customers and developers produce the specification of the application. Using this specification, developers provide a formal specification of the structure of the informational content (knowledge) of the application, and a formal specification of the navigational/presentational schema. At the next phase, customers use these specifications to provide the actual contents and navigational schema of the application. These specifications are then combined to provide a first specification of the application. This first specification can be incomplete and probably by two reasons. First, it could be the difficulty for customers to specify the whole application using concrete formalisms. In this case customers are free to use natural language to complete the specification. Second, we must consider the inclusion of subordinate processes in the application. A subordinate process is a small program, running inside the application that does not affect its navigational behaviour, and that normally is activated by some user action, (for example, the user can ask the system to evaluate his answers to some exercise). This specification is completed by developers including design diagrams that represent the subordinate processes. The completed specification constitutes the design document. Developers use this document to build the prototypes of the application. When developers and customers discuss over the modifications of the prototypes, they can use the design document to reshape the prototypes, facilitating their interaction. Once the application is completed, the design document is used as a guide to support maintenance. The umbrella activities are the common ones, and they are not substantially changed in ADDHA.

3. Concrete ADDHA

In the previous section we have outlined the abstract ADDHA. Now we are going to describe the previous abstract steps of the ADDHA life cycle in terms of specific development techniques. Figure 3 shows the changes. 

In abstract ADDHA, our divide and conquer approach must produce different types of documents, each of them describing a different facet of the application. In concrete ADDHA we use XML Document Type Definitions (DTDs) [11] to formalize these different types of documents and to provide educators with the formal specifications they must work with. The formal specification of the structure of the content is provided by a DTD called content-DTD, and the structure of the navigational/presentational schema is provided by another XML DTD called presentation-DTD. The presentation-DTD can be generic for families of hypermedia applications. But content-DTD is usually specific for each application. Using content-DTD, customers (educators in this case) structure the knowledge (informational content), of the application. This stage is crucial and probably is the most critical step in the process of developing an educational hypermedia [2]. The result of this stage is the content document, that is, an instance of the content-DTD. In a moderately complex application, the content-DTD can be split in several DTDs that facilitate its management. The XML-elements of the presentation-DTD represent the navigational/presentational objects of the application and the relationships between them. Basically, these objects are screens, windows (real or abstract channels of communication with the user) and interaction items such as buttons. In consequence, to describe the navigational/presentational schema of the application is equivalent to build an instance of the presentation-DTD. In addition, the elements of presentation-DTD have assigned an object oriented semantic (in terms of the desired object oriented language construction, e.g. Java classes). Therefore when the user builds the instance of the presentation-DTD he is describing the skeleton of the object-oriented code that is going to implement the running application.
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Figure 5. Part of application document

The construction of the application specification, that in abstract ADDHA life cycle is conceived as the combination of the formal specifications of contents and presentational schema, is simplified in the practice. Applying concrete ADDHA, this fusion is accomplished at the same time that the navigational schema is specified.

We have devised specific mechanisms to combine different types of documents (the instance of the content-DTD, and the instance of the presentation-DTD). One of these mechanisms is overmarkup, an evolution of the technique that we originally proposed in [5]. Overmarkup basic idea is very simple. The structure of the navigational/presentational schema of the application (e.g. screens and windows) is described using the structure provided by the presentation-DTD. 
Hence, to complete the total definition of the application we only have to describe which contents appear inside each element of that structure. To achieve this goal, the contents of the elements of the instance of the presentation-DTD are basically parts of the content document (that is, the instance of the content-DTD). There are several ways to physically implement overmarkup. One possibility is to use a special binding that relates both instances (a sort of cut and paste). This is simple, but it is a hard maintainable approach. A better option is to use a language that can refers to parts of instances of XML documents, such as XPath [13] expressions. If we need to make any adaptation in the content document we can use transformation languages, for example XSLT [14]. The separation of contents and presentation provides several advantages, recognized in the hypermedia field [3]. The clearer one is to be able to assign different navigational schemas to the same contents, or vice versa, the same navigational schema to different contents. The overmarked document is called application document, and it also contains the natural-language specifications of subordinate processes. This document is finished by developers when they provide the complete XPath/XSLT expressions, and references to the object-oriented diagrams [1, 9], obtaining the design document. As a consequence of the process, this document is partially built by customers, and therefore, easily understandable by them (educators in our case). The design document is also precise enough to provide a complete description of the hypermedia application that can be used by developers at the coding phase. 

4. a brief example

We are going to illustrate these ideas with a very basic example. Suppose that a team of university professors wants to make a set of simple educational tutorials on a selected subject. The application of ADDHA to this task would be as follows. First developers meet with every educator to agree the structure of the contents of every tutorial (say tutorial 1, tutorial 2, ..., tutorial n). After this, developers provide a content-DTD for every tutorial (content-DTD 1, ..., content-DTD n). Also, developers provide the presentation-DTD and explain its functionality. Using these formal specifications of the structure of the contents and navigational schema, educators provide the application documents (application document 1, ... , application document n). Of course, this requires educators to have some knowledge about XML and XPath. The experience has shown us [2] that to apply a markup language using edition facilities is an affordable task for most authors. Moreover, XPath expressions needed in overmarkup are (generally) limited to simple references to the tree structure of the XML document, alike to those used in Operating Systems by tree directories. Similarly approaches [4, 8] vouch for our thesis.

[image: image4.wmf]<

chapter id=”chapter3”>

 <

intro>

   <title>

Models of software development process

   </title>

   <text>

In this chapter we will talk about Models of software

            development process as

 <mod refTo= “mWat”>

            

Waterfall

</mod>

,

<mod refTo= “mPro”>

Prototyping

</mod>

,

            <mod refTo= “mBoe”>

Boehm

</mod> 

...

   </text>

  </intro>

  <models>

   <model id=”mWat”><name>

Waterfall 

model

</

name

> 

... 

</

model>

   <

model 

id=”mPro”><

name>

Prototyping model

</name

>

 ..

 </

model>

   <

model 

id=”mBoe”><

name>

Boehm model

</name> 

...

 </model>

  </models>

</chapter>
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For example suppose that one tutorial is centred on Software Engineering, and that there is a chapter about models of the software development process. With independence of the navigational (and presentational) schema assigned to each chapter, there is a well-defined structure for all of them, captured by a specific content-DTD. In this way educators can specify the content of the hypermedia application, in a structured manner (using their specific vocabulary) with independence of the presentation of each content. In this example we have an introductory text with the name of the models that hyperlinks to its detailed description. Notice that at content level, these links denote semantic relationships between knowledge that can be interpreted in several ways from the navigational viewpoint. One possibility can be that when the user selects the link to the detailed description, this appears in a different window. Other choice is that it appears in the same window. Finally we could obviate this relationships from the navigational viewpoint. The content document for this chapter is described in Figure 4.

 As we have stated, it is possible to assign different navigational schemas to this content document. For example, suppose that we want to heed the semantic connections between contents at navigational level, and that we are going to present the introductory text, and the descriptions in two different windows on the same screen. The application document that describes this presentational schema is showed in Figure 5. In this figure we can see a screen specification with two windows. In one appears the introduction (referenced inside the presentation-DTD element window by the XPath expression contentSE/chapter[@id=”chapter3”]/intro), and in the other, the selected models (again using a XPath expression).

[image: image5.wmf]Figure 6. HTML prototype

Application document (that in the example coincide with design document) also contains valuable information to build the complete application, and it can be used for the automatic prototypes generation. Figure 6 shows the basic HTML prototype automatically obtained from the application document. Note that in this example the whole prototype can be built automatically from application document, but the inclusion of subordinate processes (represented by object-oriented diagrams) would need manual coding

If latter it is needed to assign a different navigational scheme to the same content (e.g. the description of the models will appear in a new window) only changes in the application document are required. Separating content from presentation includes advantages in both directions. If is necessary to change the contents to include another model process, it can be done changing content document without change anything in design document, because the XPath expression that points to introduction and models does not change. Obviously, these changes at content level have not represented an important change in its structure, and thus the application document has remained unchanged. If the modifications change the content structure (and therefore the content-DTD), it is necessary to renew the XPath expressions in the application document. 
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Conclusions and future work 

The construction of a hypermedia application is basically a software development activity. This task turns out to be harder because of the direct implication of customers providing the contents and the navigational/presentational schema of the application. In hypermedia applications with a content rich in semantic relationships (as is the case of educational applications), the need for a well-organized structure is a primary goal. ADDHA techniques fit properly with the construction of educational hypermedia applications providing a methodology for making explicit the logical structure of its contents, and facilitating the interaction between educators and developers via the application/design XML-based document. These techniques gather the benefits of separating contents from navigational/presentational schema, making possible to change one of them, without affecting the other. They also permit the inclusion of object-oriented specifications for subordinate processes, and they provide a straightforward translation to object-oriented code due to the direct relationship between the elements of the presentation-DTD and the components of the desired object-oriented language.

Our future work includes: the formalization of a hypermedia model that supports ADDHA techniques (then we will have MADDHA techniques, that is, Modeling, Analysis, Design and Development of Hypermedia Applications), and the development of a graphic notation that eases design phase. At long term, we are working in the automatic generation of object-oriented code using the application document, and in the development of a CASE tool to facilitate ADDHA application.

Acknowledgements

The EU project Galatea (TM-LD-1995-1-FR89) and the Spanish Committee of Science and Technology (TIC97 2009-CE, TIC98-0733 and TIC2000-0737-C03) have supported this work.
6. References

1. Booch G., Object-oriented analysis and design with applications, Second Edition, Benjamin Cummings Publishing Company, 1994.

2. Fernandez-Valmayor, A., Lopez-Alonso, C., Sere, A., Fernandez-Manjon, B., The design of a flexible hypermedia system. Building University Electronic Educational Environments, edited by S.D. Franklin and E. Strenski. Kluwer Academic Publishers, 2000. 

3. Halasz, F., Schwartz, M., The Dexter Hypertext Reference Model. Communications of the ACM, 37, 2, 30-39, 1994.

4. Nanard J., Nanard M., Hypertext design environments and the hypertext design process, Comunications of the ACM, 38, 8, 49-56, 1995.

5. Navarro A, Aplicaciones de los lenguajes de marcado en la abstracción del diseño de un sistema hipermedia, Trabajo de tercer ciclo, Departamento de Sistemas Informáticos y Programación, Universidad Complutense de Madrid, España, 1998.

6. Navarro A., Fernandez-Manjon B., Fernandez-Valmayor A., Sierra J.L., A Practical Methodology for the Development of Educational Hypermedias. Proceedings of ICEUT 2000, 16th IFIP World Computer Congress 2000, Information Processing Beyond Year 2000, in press, 2000.

7. Pressman R.S., Software Engineering: A Practitioner’s Approach, McGraw-Hill, Inc., 1997.

8. Rodriguez-Artacho, M., Verdejo, M.F., Mayorga, J.I., Calero, M.Y., Using a High Level Language to Describe and Create Web-Based Learning Scenarios, Actas de 29th ASEE/IEEE Frontiers in Education Conferen ce, 1999 San Juan, Puerto Rico.

9. Rumbaugh, J., Booch, G., Jacobson, I., Unified Modelling Language Reference Manual. Massachusetts: Addison-Wesley, 1998.

10. Thüring, M., Hannemann, J., Haake, J.M., Hypermedia and Cognition: Design for Comprehension, Communicacions of the ACM, 38, 8, 57-66, 1995.

11. W3C, Extensible Markup Language XML Version 1.0 (Second Edition). http://www.w3.org/TR/2000/REC-xml-20001006, 2000.

12. W3C, Hypertext Markup Language (HTML) 4.01. Specification http://www.w3.org/TR/html4/, 1999.

13. W3C, XML Path Language (XPath) Version 1.0. http://www.w3.org/TR/xpath, 1999.

14. W3C, XSL Transformations (XSLT) Version 1.0. http://www.w3.org/TR/xslt, 1999.













� EMBED Word.Picture.8  ���



























































� EMBED Word.Picture.8  ���














� EMBED Word.Picture.8  ���











































































































� EMBED Word.Picture.8  ���





� EMBED Word.Picture.8  ���








� EMBED Word.Picture.8  ���








1

[image: image7.wmf]customers/

developers

meeting

Specification

     

developers

Formal 

specification 

of

structure of contents

Formal 

specification 

of

structure of pres. 

schem.

customers

Formal 

specification 

of

contents

Formal 

specification 

of

presentational 

schema

developers

Design 

document

Prototype

customers/

developers

Final 

design

document

+ UMBRELLA ACTIVITIES

ANALYSIS

DESIGN

CODING AND TESTING

Figure 2. 

Abstract ADDHA 

life 

cycle for hypermedia applications

Application

specification

Final 

application

MAINTENANCE

customers/

developers

     

develop.

     

developers

[image: image8.wmf]customers/

developers

meeting

Specification

     

developers

 

Design 

document

(for developers only)

    

developers

Prototype

ANALYSIS

CODING AND TESTING

DESIGN

+ UMBRELLA ACTIVITIES

Figure 1. Iterating waterfall model

 Final 

application

         

MAINTENANCE

[image: image9.wmf]meeting

customers/

developers

Specification

     

developers

Content-DTD

Presentation-DTD

customers

Content 

Document

Application 

Document

(

presentation + contents)

developers

(

XPath/XSLT/UML)

Design 

document

automatic

+

manual

 HTML 

prototype

customers/

developers

Final 

design

document

+ UMBRELLA ACTIVITIES

ANALYSIS

DESIGN

CODING AND TESTING

Figure 3. Concrete ADDHA life cycle for hypermedia applications

Final 

application

MAINTENANCE

customers/

developers

     

developers

[image: image10.wmf]<

chapter id=”chapter3”>

 <

intro>

   <title>

Models of software development process

   </title>

   <text>

In this chapter we will talk about Models of software

            development process as

 <mod refTo= “mWat”>

            

Waterfall

</mod>

,

<mod refTo= “mPro”>

Prototyping

</mod>

,

            <mod refTo= “mBoe”>

Boehm

</mod> 

...

   </text>

  </intro>

  <models>

   <model id=”mWat”><name>

Waterfall 

model

</

name

> 

... 

</

model>

   <

model 

id=”mPro”><

name>

Prototyping model

</name

>

 ..

 </

model>

   <

model 

id=”mBoe”><

name>

Boehm model

</name> 

...

 </model>

  </models>

</chapter>

Figure 4. Part of content document

[image: image11.wmf]<

screen 

id

= “s12”>

  <window 

type=”continuous

” ....>

<

content>

contentSE/

chapter[@id=”chapter3”]/

intro

</content>

    <presentation>

      <element font=”arial”....>title</element>

      ......

    </presentation>

    <links>

       <link><name>refTo</name>

             <origin>mod</origin>

             <destination>model</destination>

       </link>

    </links>

  </window>

  <window 

type=”discontinuous” ....>

    <

content>

contentSE/

chapter[@id=”chapter3”]/

models

       </

content>

    ......

  </window>

</screen>

Figure 5. Part of application document

[image: image12.wmf]Figure 6. HTML prototype

_1040799306.doc


     developers







     develop.







customers/developers







MAINTENANCE







Final application







Application specification







Figure 2. Abstract ADDHA life cycle for hypermedia applications







CODING AND TESTING







DESIGN







ANALYSIS







+ UMBRELLA ACTIVITIES







Final design document







customers/developers







Prototype







Design document







developers







Formal specification of presentational schema







Formal specification of contents







customers







Formal specification of  structure of pres. schem.







Formal specification of structure of contents







     developers







Specification







customers/developers meeting












_1040799740.doc


Figure 4. Part of content document











<chapter id=”chapter3”>



 <intro>



   <title>Models of software development process



   </title>



   <text>In this chapter we will talk about Models of software�            development process as <mod refTo= “mWat”> �            Waterfall</mod>,<mod refTo= “mPro”>Prototyping</mod>,�            <mod refTo= “mBoe”>Boehm</mod> ...



   </text>



  </intro>



  <models>



   <model id=”mWat”><name>Waterfall model</name> ... </model>



   <model id=”mPro”><name>Prototyping model</name> .. </model>



   <model id=”mBoe”><name>Boehm model</name> ... </model>



  </models>



</chapter>
















_1040799847.doc


Figure 5. Part of application document











<screen id= “s12”>



  <window type=”continuous” ....>



<content>contentSE/chapter[@id=”chapter3”]/intro </content>



    <presentation>



      <element font=”arial”....>title</element>



      ......



    </presentation>



    <links>



       <link><name>refTo</name>



             <origin>mod</origin>



             <destination>model</destination>



       </link>



    </links>



  </window>



  <window type=”discontinuous” ....>



    <content>contentSE/chapter[@id=”chapter3”]/models �       </content>



    ......



  </window>



</screen>




















_1040799543.doc


     developers







customers/developers







MAINTENANCE







Final application







Figure 3. Concrete ADDHA life cycle for hypermedia applications 







CODING AND TESTING







DESIGN







ANALYSIS







+ UMBRELLA ACTIVITIES







Final design document







customers/developers







 HTML prototype







automatic



+



manual







Design document







developers



(XPath/XSLT/UML)







Application Document (presentation + contents)











Content Document







customers







Presentation-DTD







Content-DTD







     developers







Specification







meeting customers/developers












_1040799197.doc


 Final application 



         MAINTENANCE







Figure 1. Iterating waterfall model







+ UMBRELLA ACTIVITIES







DESIGN







CODING AND TESTING







ANALYSIS







Prototype







    developers







 Design document (for developers only)







     developers







Specification







customers/developers meeting












_1040715225.doc
[image: image1.png]HEIE

process

In this chapter we vill all about Models of software development process as
Waterfall, Prototyping, Bochm and other models that are the basis for the
development of software applications

A software process can be defined as follows. First a common process mark.
is established, defining a mumber of structural activifies, which are applicable to
al software projects with independence ofifs size. In Boston model, a
variation of Bochm, we can see these activities clearly. Structural activiies are
divided in several tasks, allowing to adapt the generic mark to concrete
software projects. In example if one project presents severe technical rik, we
can include more tasks in engineering and development structural activfies to
reduce these risks. Finally, umbrella activiies, as software quality assurance,
software configuration management, and metrics are included in the whole
process

The Software Engineering Instiute (SEI) have developed a complete model
based in a sef of software engineering finctions that should be present when
organizations reach the different levels of maturity of process. To calculate the
real maturiy process, SE uses an evaluation test and a five-grade schema,
‘This schema determines the conformity with a model of maturity which defines
the key activiies that are required in different levels of maurity of the process

SEI approach gives a measurement of the total efficacy of the practices of
software engineering in a company, and establishes five maturity levels, which
are defined in the following way:

Level 1: INITIAL. Software process is characterized in a chaotic way. There

v Aafiad » Farre enrare_and tha st dsnande an the in el sfFac

[ Ala @ 3|8 B

biis " pi | oeeer Aot bt | sisusdn P ko | Coreo i W

[Vincuos »[] ieccion 7 c Dovelopmentsctss3 i =l ona
Models of software development Prototyping model

Frecuently, a customer defines a set of general goals for the software, butit
doesn't the reqired specifications about input, processment o oufput. In
ofher projects, the manager of the software development can doubt about the
efficiency of an algorifhm, about the operating system capabilies, or about the
human computer inferaction. In these and other sitations the paradigm of
prototyping can be the best choice

Prototyping paradigm begins with the recollection of requirements. There is a
meeting befween the customer and the developers, and they define the global
goals for the software, they idenify the known requirements, and the areas of
the scheme where more definiion is needed. Then a fast design appears. Fast
design s centred in a representation of the software aspects more important
for the userfeustomer. Fast desiga leads to the development of a profotype.
‘The clientfuser evaluates the prototype, and uses i to refine requirements of
the software that is being developed. The inferaction happens when the
prototype reaches the requirements of the customer, and at the same time,
allows that the developer understands better what he has to do.

The ideal sinsation is that where prototype is used as a tool to identify the
software requirements. If a working prototype is developed, developer tries to
make use of the chunks of the program developed or applies tools that allows
generating working programs

But, what to do with the prototype once that has been used as former?
Prototype can be used as first system, that should be removed. Although this
is an extreme sitvation, both fo customers and developers ke prototyping
paradigm. Users ke because the system is real. Developers e because can
build something immediately. However this building can be problematic by
several reasons
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Figure 6. HTML prototype
















