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Abstract: This paper describes an approach to gradually injecting networked 
technologies into the practice of distance education on a large scale. A 
framework for building learning scenarios is proposed, and an authoring tool is 
presented. A web-based environment is generated from documents described 
at a high level and a domain model. These documents explicitly describe 
learning trajectories and embed references to domain objects, thereby 
separating content from structure. This enables different learning strategies to 
be carried out over the same domain content. A case study for a Computer 
Science course illustrates the use of the system. 

1. INTRODUCTION 

In a short time, educational technologies for higher education and 
training at a distance have evolved from the production of multimedia and 
hypertext-based courseware in CD-ROM to networked scenarios facilitating 
interaction, joint activities, and sharing of resources. Emerging metaphors, 
such as the Virtual Campus, have been proposed to conceptualize this new 
framework. 

This situation is sometimes presented as a shift from a self-training 
model to truly interactive distance courses in an extended classroom scenario 
by means of a set of tools providing synchronous communication. The 
technology offers considerable potential, but how to fit the technology into 
current institutional practice is a controversial question embracing didactic, 
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organizational, social, and economic issues. The situation is harder when 
large-scale, robust solutions are needed to handle courses dealing with a 
large number of registered students. This is the case in open universities 
currently operating under an industrial model, characterized by a dominant 
usage of one-way media. Under this assumption, the cost of education is not 
heavily dependent on the number of students. In fact, the rate of academic 
staff per student is usually low, in the order of 1 / 500 for undergraduate 
courses. Virtual Classrooms, usually replicating a delivery teaching 
approach are not, as such, an alternative solution for mass distance 
education. First of all, it is still expensive and not realistic to expect each 
student to have an ISDN connection and a web camera at home. 
Furthermore, distance learners have scheduling restrictions. It is usually 
difficult for them to be available at a required time for a synchronous event, 
and, finally, offering a "one to a few" service is out of the question when the 
ratio in the host institution is one teacher for more than one hundred 
students. 

Computer-supported educational systems cannot be implemented 
successfully if their design and planning does not take careful account of the 
special constraints, demands, and choices of the environment. Paraphrasing 
[Paulsen, 1994], the selection of resources, pedagogical techniques, and 
styles to facilitate learning derives in fact from the actual environment. 

Leading-edge telecommunications technology could be used for pilot 
studies and speculative innovation, but approaching a large-scale 
implementation requires facing practical issues from the very beginning. At 
this point, it would be important to consider whether new technologies 
would actually help to improve or create new learning situations for 
students, or if we are just moving or replicating the same problems and 
difficulties found in traditional teaching. An example of this mismatch 
would be, for instance, offering students personal communication means if 
teachers cannot dedicate enough time to their students. Technical 
possibilities raise expectations that cannot be fulfilled. Another pitfall is to 
believe that students are able to keep up with fast technological upgrades. 
This leads to situations where students who do not have the last Pentium 
processor or high-speed modem are barred from certain educational 
experiences. Well-known examples of this situation are video conferencing 
facilities, where a minimum quality for virtual presence requires at least an 
ISDN connection and a web camera. These requirements, at the moment, are 
far beyond the average budget of most students. 

One strategy for guiding the development of networked technology is to 
ignore current use and, instead, to design from scratch a new didactic 
scenario. One example of this approach is the redesign of the Programming 
Course [Site M206] in the British Open University, occasioned by a shift of 
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focus (from procedural to an object-oriented paradigm) on the contents and 
objectives of the course. For such a choice, special resources and 
institutional support should be available. A pragmatic strategy is to find 
opportunities to explore new learning scenarios, developing small, controlled 
experiments, and, in parallel, try a gradual injection of networked 
technologies into the practice of mass distance education. This is the 
approach we are currently taking. 

In this paper we present a framework for building learning scenarios 
based on different learning strategies (drill and practice, case study, self
evaluation, content delivery, or project development among others) but 
sharing the same domain contents. The work described is an approach to 
WWW educational authoring separating content from structure and using 
mainly a "one to many" scenario to accommodate a large number of 
students. 

We have developed a set of authoring tools to exploit a domain 
knowledge base. This knowledge base contains learning material, and a 
semantic network models its conceptual description. A high level language is 
used by authors to describe how to select contents from this knowledge base, 
depending on the purpose and structure of the intended final product. The 
idea is to provide the teacher with a set of tools to develop several WWW 
applications in order to carry out different learning activities. New 
interactive documents are built by retrieving from the domain those 
components with features best fitting a particular learning goal. In this way, 
knowledge reusability is guaranteed, as is a high degree of flexibility for 
creating different kinds of learning scenarios. 

Next section describes in more detail our objectives. 

1.1 Objectives 

Our goal is to offer web-based support to distance learners, taking into 
account two requirements: minimizing the cost to students on one hand, and 
facilitating the production of web-based environments for teachers on the 
other. This approach can be implemented smoothly, as an improvement of 
our current instructional framework where students are currently supplied 
with a number of paper handouts especially designed for independent study, 
such as a learning guide, self-evaluation tests, assignments, guidelines for 
solving problems, and annotated solutions to exercises. 

At the same time as we adapt learning environments to support students 
better, it is necessary to provide teachers with facilities for preparing 
learning materials at a level that is at least comparable to the one they are 
used to when working with traditional media. 
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Not so long ago, building educational web-based scenarios was a hard 
and tedious job involving complex programming and HTML authoring 
skills, using CGIs, ToolBook primitives or different multimedia formats. 
Even now, most of the time, developing Web-CBT environments requires a 
lot of work because they are mostly built from scratch [Mizoguchi et aI., 
1997], handling building blocks at the level of the media: buttons, clicks, or 
MPEG files. 

Re-authoring paper-based material for the web or creating new material, 
the author's task should not consist of building HTML documents from 
scratch. In this case, tools like web editors do not solve the problem of 
creating learning scenarios. Setting up such environments should be 
understood as a knowledge engineering process in which the representation 
of the domain is one of the components. Trying to build self-training, web
based material without an appropriate design to separate content from 
structure and purpose is not a scalable approach. 

A variety of proposals for characterizing the levels of knowledge 
involved in a teaching process have been elaborated by instructional 
technology research [MeITil, 1987], [Mispelkamp and Sarti, 1994], 
[Mayorga and Verdejo, 1997], and ITS research [Wenger, 1987]. Generally, 
at least two models are used: the first one to characterize the content domain, 
including a didactic view of the subject matter, and the second one to 
indicate learning routes to teach the former. 

Our tool provides authors with means to design learning material and 
paths at an instructional level using pedagogical building blocks such as 
"introduce an activity," "give a definition," "give an example," "offer a 
hint," or "look for prerequisites." 

The system supplies a framework: 
- To define generic models in order to build domain descriptions for 

learning purposes 
- To build models of particular contents as instances of a generic model 
- To define structured forms embedding learning trajectories 
- To create structured collections of forms in order to provide teachers with 

a library of predefined strategies. 
- To create a document (an instantiated form) combining a form and a 

content model. 
- To generate automatically a web-based environment from an instantiated 

form. 
The domain model offers explicit characterization and flexible access to 

the material (i.e., content elements are reusable objects). A structured form 
allows for creating learning material by including references (identified 
either directly or in terms of the model features) to a content. The structure 
of a form expresses a strategy for a pedagogical purpose. All these structured 
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documents provide a way to learn by means of a set of proposed activities. 
Examples of these are a study guide (guided learning) or a programming 
project (learning by doing). 

This procedure presents similarities to the way in which we are currently 
building learning material at UNED University. Our intention is to supply 
the teacher with a set of tools to create and describe learning scenarios by 
means of a familiar metaphor: structured documents for specific purposes. 

The following sections elaborate on both the domain and the instructional 
level descriptions. 

2. DOMAIN MODEL 

The domain level includes a description of a subject matter in terms of 
elementary units and their relationships. Elements have their own meaning 
and purpose as units in the context of a specific domain. On one hand, 
elements can have a type and a set of attributes. On the other, they can be 
related to other elements through different taxonomies. 

This description can be done using a variety of notations [Murray, 1998], 
(for instance a conceptual map). In the approach presented here, we have 
used an entity-relationship model because it offers an adequate balance 
between the expressiveness required for a conceptual model and the 
effectiveness of a direct implementation of this model into a relational 
database. To fix the type and granularity of the elements, the attributes and 
relationships in terms of which a domain will be described is the starting 
point of the modeling process. Some types and relations will be applicable 
for different subject matters, for instance, those relations producing 
taxonomies such as part-oj or class/subclass, while others would be domain
specific. In order to provide flexibility to cope with different domains, our 
approach is to allow the definition of the type of entities and relations in a 
meta-level, using the same formalism: entities and relationships. From a 
meta description, each specific domain model is generated as an instance of 
a generic model. A library of generic models provides a variety of 
ontologies, from simpler to richer ones, where a model can be selected 
whenever a new description for a particular domain is to be made. In this 
way, the type of objects, properties, and relationships to describe a domain 
can be changed and modified at the meta-level, facilitating not only the 
building process but also its maintenance. Whenever a model refinement is 
needed, it is possible to perform an automatic checking to upgrade all the 
tables and dependencies in the database. A set of web-based tools have been 
developed to manage both the meta-level and the domain-level model 
instances. [Calero, 1998] 
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3. THE DESCRIPTION LANGUAGE 

Learning environments, including structure and contents can be specified 
in the form of documents using a formal language. To this respect, it is well 
known that mark-up languages like SGML provide powerful mechanisms to 
embed descriptions as well as heterogeneous objects. Furthermore, this 
approach provides a very rich set of tools to parse and process these 
documents. 

SGML stands for Standard Generalized Mark-up Language. It uses a 
descriptive mark-up to create types of documents with a predefined structure. 
The expressive power of SGML is based on the capability to create a variety 
of Document Type Definitions (DTDs), each one generating a different type 
of document with its own structure and set of elements. If a document 
belongs to one of the defined types, a special purpose program (a parser) can 
process the document according to a particular type and check whether all 
the elements required for that document type are indeed present and 
correctly ordered. 

We have analyzed a wide set of interaction structures as well as a variety 
of ways for expressing references to objects in terms of queries to the 
domain model. After this study, we have defined a set of tags, and extended 
the SGML parser to include the semantic interpretation associated with these 
tags. The whole collection has been grouped in a description language called 
PALO. Documents written in PALO, called structured documents, describe 
specific approaches to produce a learning material or activity. In this way, an 
author can generate different views of the same contents according to his or 
her instructional objectives. 

Documents are described using a DTD and, as a mark-up language, the 
DTD contains tag elements to specify the structure of each document. There 
are two main kinds of tags: 
- Structure Definition tags related to the document structure. This structure 

reflects an instructional purpose. Different structures generate different 
web scenarios. 

- Domain Knowledge tags containing a reference to a domain object. 
Objects can be referred directly (by name) or implicitly (using one or 
more of their attributes). For example, an exercise can be selected by 
either giving its identifier or asking for exercises related to a concept. 

Once a document is created, it can be compiled (Figure 1) using the 
PALO compiler that turns structured documents into a web based 
environment. 
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Figure 1: Compilation Process 

PALO supplies a set of tag attributes specifically related to web-based 
features. Thus, PALO documents can generate different web-based scenarios 
by providing values for some attributes. For example, a PALO document can 
be compiled to generate a downloadable web scenario or to create a 
traceable tele-Ieaming scenario. If the teacher selects the later, students will 
have to log-in before using the system, and the system will track student 
actions within the learning environment. 

4. THE STEED PROJECT 

The approach described above is being developed in the framework of a 
project called STEEDi. STEED stands for Sistema Telematico para el 
Estudio en Enseiianza a Distancia. 

The project includes system development as well as the deployment of 
some pilot experiments for a set of courses in the undergraduate Computer 
Science curriculum, at the CS Technical School of UNEDii University, 
Spain. We will focus here on one of the courses combining theory and 
practice: i.e., students must acquire theoretical concepts and methods, and 
make this knowledge operational through solving problems and exercises. 

4.1 Domain Knowledge 

The subject matter is Algorithm Design and Verification, and it includes 
concepts about first order logic, algorithm specification, recursive and 
iterative derivation, and invariants for loops. Definitions and methods are 



148 M.F. Verdejo, M. Rodrfguez-Artacho, J.l. Mayorga, and M.Y. Calero 

associated with these concepts and, usually, examples and exercises are 
proposed to illustrate or facilitate their acquisition. Other CS courses have a 
similar shape. 

The generic model for the domain in this case comprises: 
- A Conceptual Model that holds two types of entities: concepts and 

activities. For example, we have described precondition, postcondition, 
and invariant as concepts, and verify, satisfy precondition or derive as 
activities. 

- An Instructional Model that holds instructional elements like example, 
error, hint, etc. 

- A Didactic Model that describes relations between elements of the 
conceptual and instructional domains. For instance, an example can be 
used to illustrate a concept. It also introduces new attributes for some of 
the elements, for instance, prerequisite links between concepts. 

All the models are defined as indicated in section 2 using an Entity
Relationship model. Figure 2 shows the three models for the domain. 

4.2 Structured Documents 

In a distance learning framework, it is usual to elaborate specific material 
to support different types of learning approaches and practical activities. 
This material can be self-contained or a complement to facilitate and to 
organize the study of a textbook. The purpose is to guide the student through 
the study material, pointing out the main concepts, motivating their 
introduction, making explicit learning goals, suggesting practical activities, 
giving advice for further study, and proposing assignments and tests for self
evaluation. In our department, so far, these materials have been shaped as 
hard copy documents and delivered to the students on paper (via surface 
mail) or electronically (via a PostScript version in our Web server). 
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Figure 2: Generic Domain Models for Computer Science material 

As a first evaluation of the authoring system we have re-engineered the 
documents for a set of Computer Science courses and produced the 
following PALO documents: 

A Study Guide, containing thematically a description of the contents with 
keywords and related lectures, the main concepts involved, exercises, the 
most frequent misconceptions, questions for reflection, and some 
directions for organizing study time. 
A Programming Project, structured as a questionnaire that students have 
to work out and submit. 
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- A Self-Evaluation Test, to help students to manage their own learning 
process. 

The compilation of these PALO documents generates a web environment 
as shown in Figure 3. The main page shows the available options for each 
course. From the authoring point of view, the most complex process was 
building the domain knowledge of the content matter. The creation of the 
domain models totalled 77 % of the authoring work. This process was 
distributed approximately as follows: 18% for the conceptualisation phase to 
design the generic component, 4% to build the model with the tool; finally, 
filling the model with the instances of the domain knowledge took 55% of 
the time. The remaining 23% of the total work was dedicated to describing 
the learning scenarios using PALO language. 

Authoring was time consuming, especially the modelling task, but we 
noticed that once the first environment (Study Guide) was created, building 
the rest of the learning scenarios was relatively easy, reusing the previously 
categorised knowledge components. 
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Figure 3: Available options for each course 

Figure 4 illustrates the study guide. On the left side of the main screen, 
the outline appears; under each theme, the choices are displayed: contents, 
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purpose, concepts, exercises, errors, questions, and schedule. When concepts 
under verification for recursive functions are selected, the right part shows a 
definition where commonalities and differences between a set of recursive 
functions are explained; further selection of simple recursive function opens 
a new window showing an extended definition. For the same theme, the 
result of selecting exercises is shown in figure 5; the small window depicts 
the selected link, an easy exercise. 

.# 

.. 

.., :e.."err.oo, 

Guia Didactica de 
P rogramaci6n II 

Concepto • 

• Las 1Undon. .. rllcwm •• tienM 008 eslruCtura conllfn. Es pre<150 entendllr V COno(ot Ie dlfofencle 
entre 105 d1vef4i051JPQ5;. (Ie !\lnc'or)(ts 

• FuncJoneS rec:ur51veS. 15Ml4. 
• FuncIOM'S rOClJfSlvas ao £naSe • 
• FUOQonljls·recursNe$ 1:l"._1cJ; 

• 
if'l"lPO'UM& 10 8S una ahr.molllW':lt. l.b PI 0 <w cuo ,.n"';al como del u.o reC\lr"'o fa 
f\.rnci6n SOUisor y 10 funCIOO do 

.. 
IUnC-iou_rccursivQ_UncQI 

T3fJ)blon jof fl.lr"lCioOrll'OC\ll'$ l'II'8 llmp1e e,nIl'Ui'L.II"Io.."iOfl 
!'9Cl,llo;M:I qu.liono on ht &>J)r8sf6n delcaso recurslw URS iIlnIca 
n9n1ads It Is 1U1cillfl, 85.10 H. tal QUe «Idailamada e'A.tema prodUCe 
!l0I0 rt'llltm$ SI,.I tl)r'tr\Cl 0'$.1;;1 8i£)lJi .... O· 

Figure 4: Using the Study Guide 

During June 1999, a first evaluation with students was carried out. We 
offered a group of 120 students the possibility of performing their work with 
the system over the net using their own resources (PC and modem access). 
Students were provided with a learning scenario to develop a small 
programming project. 

Results of this first trial were acceptable given that it was a new way and 
conducted on a volunteer basis. Of the initial population, approximately 50% 
were interested and applied for a login account. Of these 65 students, 35 
actually logged in from time to time, and 25 of them answered at least once. 
Finally, 20% of the initially registered students finished their task using the 
system. 
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Figure 5: An exercise illustrating concepts 

When asked about reasons for dropping, some students reported finding 
traditional written media more comfortable to use than the Web 
environment. However, most students answered that the cost of Internet 
access was the main reason for dropping. 

To tackle the cost issue, we are working on a new version of the 
environment to provide full interactivity without requiring server side 
processmg. This feature is being implemented using digitally signed Java 
applets. 

5. FUTURE DEVELOPMENTS 

From the authoring perspective we will continue to extend PALO in 
order to deal with dynamic feedback and adaptability. Also we will define 
new DTDs in order to develop a library of predefined learning scenarios to 
guide the authoring process. 
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Meanwhile we will carry out trials and evaluations with students. Our 
interest is in creating useful and affordable tools to support their daily 
learning effort. 
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