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Abstract: The impact of new technologies in education has brought to the perception of an educational web
site has a more or less standard features in several contexts. Yet, an analysis of the existing literature
reveals that the practices of Instructional Design and Hypermedia Design have few if any contact points. We
claim that an integration of the two processes — namely learning activities design and hypermedia design —
would bring benefits in term of efficiency and effectiveness of the development process and quality of the
final application. As a first step in this direction, we propose a general framework that integrates the
existing approaches adopted in Instructional Design and Hypermedia Development for both design and for
requirements analysis.

Introduction

The new wave of elLearning has brought to a deeper and deeper integration of new technologies in education.

Educational Web sites have become an almost standard feature of a large part of Higher Education courses: they are
used for simple learning materials delivery (the syllabus, lecture slides, readings and assignments), as shared learning
space (for group work, interaction with the instructor or the tutor, or discussion forum) or for more structured activity
(cf. Harasim, Hiltz, Turoff, & Teles 1995).

Educational Web sites and applications could be classified as a specific type of hypermedia products, yet the
development of the learning activity and of the educational hypermedia to support it are usually not integrated into a
unique process. The two disciplines of Instructional Design (ID) and Hypermedia Design (HD) actually lack a shared
model, although they both recognize the overlap of at least a part of their practice. This paper claims that integrating the
two design process in a unifying framework would lead to enhanced results, better quality products, and reduction of
development time and cost. The framework we propose, developed on the basis of existing literature, also includes the
integration of the analysis phase of Instructional Design and requirements process carried on in the very early stage of
hypermedia development.

The rest of the paper is organized as follows. Section two will provide some background in Instructional Design and
Hypermedia Design, trying to emphasize commonalities and shared understandings. Section three four presents our
framework. Section four draws the conclusions and outline the future steps of our work.

Background

Instructional Design (ID)

Reigeluth (1983) provides an insightful definition of ID: “Instructional design is concerned with understanding,
improving and applying methods of instruction. (...) The result of instructiona design as a professional activity is an
architect’s blueprint for what the instruction should be like (...). Instructional design as discipline is concerned with
producing knowledge about optimal blueprints.” But what are the elements of a blueprints? ID has always been
concerned with the integration of media, and more recently of new electronic media, in the educationa activity (cf.
Heinrich, Molenda & Russel 1993), and not just with a description of the activity as such. High-quality learning
materials are an important quality factor for education, as testified aso by the interest of standardization organization
for the quality of the learning experience, for examplein (IMS 2003).

The blueprint of instruction therefore includes the design of the learning materials that the instruction requires.
Actualy, al ID models contain a phase in which the learning materials are designed, developed, tested and eventually
rehearsed. Examples are ADDIE (cf. IEEE 2003), the Dick & Carey model (1996), and the work by Morrison, Kemp &
Ross (2003). Figure 1 sketches the Dick & Carey model. It is the most structured stepwise approach to ID, and the
development of an hypermedia application or Web site would be represented as a sub-process of thedevelop and select

materials phase. One could suppose that such a sub-process would benefit from the results of previous phases, yet in a
common ingtitutional setting, the instructor or the designer would go to the department Web programmer and explain
what they need — unless some common language exists, or a predefined communication protocol, it is likely that the
programmer does not get the whole picture of the course, but works on his’her (partial) understanding of the problem.
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Figure1 - The Dick & Carey model

Greer (1991 & 1992) describes the ID process as pivoted in the production of learning materials, and puts a specia
emphasis on the management of their creation, reproduction and delivery (Figure 2). Here again, after the blueprint is
created, learning materials are produced as a specific process — here represented as starting with thecreate draft

materials phase. The assumption behind this model is that ID is learning materials design, or at least that the activities
are developed as a part of the learning materials. Greer’s emphasis is justified by the consideration that the largest
effort (as time and cost) in ID concerns learning materials, and that they are physical objects (as different from virtua
descriptions of activities) for which aformal approval from the sponsors can be obtained.
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Figure 2 - Greer's model

The genera point we want to make is that, while defining a specific phase for material development, traditional 1D
models do not explain what are its connections with other phases. This is particularly interesting in the case, more and
more frequent (Bates 1999), in which hypermedia applications are given to some Web developers or external partners
for development. In such a case, the instructor or instructional designer takes the role of commissioner and content
provider, and the hypermedia development process develops more or less independently. Moreover, Web devel opers
are likely to use a Web design model in order to design the application — a language an instructor usually does not
understand.

Hypermedia Design (HD)

The research on hypermedia design models stem from past results from software engineering, database, management
systems fields, merged with the peculiarities of a unique and multifaceted process: the development of multimedia
contents and navigation based interaction. This combination has produced a “melting pot” of methods, models and
languages which, thus far, have not evolved into an integrated solution. Modern hypermedia design languages can be
divided in two groups: conceptual methods and system-oriented methods.

To the former group belong HDM (Hypermedia Design Method — Garzottoet al. 1993, 1995), W2000 (Baresi, €t al.

2001), OO-HDM (Object Oriented-HDM — Schwabe & Rossi, 1998), RMM (Relationship Management Methodol ogy

— Isakowitz et al. 1995). These approaches aim at conceiving a website in terms of informative structures - structured



“objects” or “entities” and their relations, the access structures for reaching the information, and the navigation links
to browse within and across the different structures. These languages are general-purpose, asthey do not directly relate
to the informative goals of the web site. They are aso conceptual, since they abstract from implementation and
technological aspects.

In the latter group we find models that are mainly intended to supportthe (semi) automatic dynamic generation of web
sites from an underlying data base. As a consequence, these modelsprovide primitives at a lower level of abstraction.

Examples are Araneus (Atzeni et al. 1998), Strudel (Fernandez et al. 1998), Weave (Florescu et al. 1999), and WebML

(Ceri et al. 2003).

The methods in both groups need to refer to concepts that are abstract conceptualisations of the features of a web
application and that require a strong expertise in order to be effectively handled. Most of the proposed concepts are far
away from the way of thinking adopted by ID (being, in most case, derived from software engineering and data bases)
and are hardly understandable to non-experts. Therefore, the analysis, selection, and application of hypermedia design
conceptual tools for a particular education project require competences that usually do not belong to the background of
the instructor or instructional design. Consequently, the adoption of HD methods for the e-learning context, such as
CADMOS-D (Retdis, et al. 2002) result often unusable for the instructor who wants to use them in course
development.

Proposal for an Integrated Framework

The integrated model we propose considers three main levels of activities, as in Figure 3: theEducational Context
Level, the Requirements Level and the Design Level.
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Figure 3 — Integrated Framework

The Educational Context Level

The Educational Context level includes all the elements that are traditionally part of the analysis phase in ID models

( Dick & Carey 1996), grouping them in two sets: learners and instructors analysis.

The learners analysis includes four elements:

1. An analysis of the learning styles (preferred modes of perceiving and processing information), that can be
modelled according to e.g. Kolb’s (1999) or Felder’s (1988) models. For example, we might have a class of
students in mechanical engineering whose general preferences are for a sequential (as different from random)
presentation of content in written form (and not visual).

2. Ananalysis of motivational aspects, i.e. the perceived importance of the instruction and the perceived possibility of
success (Eccles & Wigfield 2002a; 2002b). A more specific anaysis can be done following the ARCS model
(Keller 1983; Keller 1984; Keller & Suzuki 1988).

3. Thedomain background, i.e. the previous knowledge that the learners have of the specific content to be taught.

4. Learning abilities i.e. how learners are able to learn by themselves or with specific learning materials, respectively
how much guidance they need.

The instructors analysis includes four el ements that describe the teaching offer from a general point of view.



1. TheDomainisan indication of the specific content of the instruction. This might range from a ssimple indication of
the discipline (e.g. literature) to a more detailed “editorial plan” and a specification of the information sources
(books, web sites, course notes...)

2. The Learning objectives is a statement of the goals of the instruction, i.e., a description of what the learners should
know or be able to do after they completed the activities. Goals can be defined according to several guidelines,
such as those defined by Gronlund (1995), and classified by types using Bloom’s (Bloom at Al. 1956; Bloom et
Al. 1964) or Gagné’'s (1982) taxonomy, or mapped onto classification grids, such as Merill’s Content-
Performance matrix (1983) or Anderson & Krathwohl’s revised Bloom’s taxonomy (2001).

3. Time/space congtraints (if the case), i.e., the total amount of hours of instruction, number of sessions, duration in
weeks or months, availability of space, possibility of attendance to lectures in a determined geographical location,
etc.

4. Evauation constraints: while the design of the evaluation is part of the design itself, often instructional activitiesin
ingtitutional setting have constraints, such as the presence of a mandatory final written exam, or of a mid-term
evaluations, etc.

The Educational Context level does not present striking novelties. The novelty introduced by this model is to exploit
such information both for hypermedia and instructional design during the activities carried on in the following levels.

The Requirements Level

The information collected on the Educational Context level provides an input for the definition of specific requirements

for the design of learning activities and of the hypermedia application.

At this stage learning requirements should be intended as features that the learning activities should have in order to

allow learners a better or faster achievement of the learning goals. Learning requirements can be assigned to specific

design dimensions (adapted from Cantoni, Di Blas 2002 and Botturi 2003):

1. Useof time: if the learning activity is held in synchronous or asynchronous mode, if it has a predefined start date
and end date, etc.

2. Useof space: if the learning activity contains face-to-face sessions and/or distance activities, etc.

3. Grouping: if the learners work individually, in pairs, etc., in groups or as awhole class.

4. Guidance: what kind of frontal teaching, scaffolding and feedback is provided to the learners.

(Notice that the lists of dimensions reported here and below for hypermedia requirements are general and flexible, and
might be extended or specialized according to the specific nature of an educational project.)

Hypermedia requirements can be organized along another set of dimensions, as suggested by the AWARE model
(Bolchini, Paolini , Randazzo 2003). Dimensions can help organize design activity. In fact, designers can then adopt
any design method (UML, WebML, HDM, or informal approaches) to shape design solutions in term of detailed
specifications solving the requirements. The AWARE requirements dimensions include:

1. Content: refersto that set of ideas and messages that the site communicates to its users. |deas and messages are
mainly specified in term of types of information chunks provided, and should match (as the Structure of Content,
the Access Paths, and the Navigation dimensions) the instructional strategy of the educational activity..

2. Sructure of Content: providing coarse-grain insights about how the content pieces identified might be structured.
By "structure" is meant the organization of the content. Providing initial requirements about the structure of
content means expressing the need of highlighting particular types of information or pieces of content or messages
within the pool of educational material.

3. Access Paths This dimension captures the strategy behind the hypermedia access structures and refersto the
navigational paths available to the user in order to start navigation, to locate and reach the content needed for
accomplishing his or her goal within an educational activity. Access path requirements may specify that the learner
should be allowed to access the needed information in atotally unconstrained mode, or be guided in the
exploration of the offered content following the guided tours best corresponding to hisor her expectations.

4. Navigation: suggesting connections between different information pieces allowing the user to navigate from one
piece of content to another.

5. Presentation: providing guidelines and visual communication strategies for presenting content, navigational
capabilities and operations to the user.

6. User Operation: properties on those operations that are visible to users to complete some tasks, e.g. , doing an
exercise or submitting an assignment.

The AWARE reguirements taxonomy is obviously open and always revisable. Future e-learning web applications (e.g.
mobile applications, web-based collaborative 3D environments) may call for ad-hoc types of requirements and may
suggest new dimensions to be considered.



Conducting the analysis of the two types of requirements at the same time and in a coordinated way has the advantage

of:

1. Creating a unitary shared understanding among the different components of the team

2. Better organizing the efforts in the early stage of application development

3. Enhancing the effectiveness and efficiency of both design processes.

4. Improving the mutual consistency of learning and hypermedia requirements, and, consequently, of the design
activities (discussed in the next section)

The Design Level

The Design level leverages the requirements previously defined and makes design decisions both for the learning
activity and for the hypermedia application. Figure 3 shows that learning requirements are the basis for a sound
development of the learning activities, which might be conducted with a language as BEML (Belfer & Botturi 2004,

Belfer & Botturi 2003; Botturi 2003). On the other hand, the definition of the learning activities along with hypermedia
requirements is the basis for a sound design of the hypermedia application, which may now rely on a specific model
such as W2000 (Baresi, et al. 2001).

From this point on, the two design processes can run in parallel, with some checkpoints, as their specific content has
been defined and structured together.

Conclusions and Future Work

This paper started from the remark that the development of technology-based learning solution may benefit from the
combination of methods used in the current practice of instructional design and hypermedia development both for the
requirements analysis phase and the design phase. We propose a general framework which identifies the roles of the
different approaches adopted in these two disciplines and suggest how to integrate them.

We point out that an integration of the instructional design and hypermedia design methods with a common
requirements anaysis would increase effectiveness and efficiency in the overall development process, resulting in an
enhanced overall quality of the learning experience:

1. Effectiveness educational learning materials are designed for the specific support of some learning activity.
Considering the requirements identified in the ID process, such as the learning goals, the learning styles of the
students or the learning setting, improves the design as it provides a detailed description of some key requirements
for hypermedia design: the users of the application (the learners), the users’ goals (i.e., the learning goals), and the
context of use (i.e., the learning setting). On the other hand, the ID process would experience an improvement if it
could be made aware of the decisions behind specific hypermedia product solutions.

2. Efficiency. alarge part of the requirements analysis in the HD process overlaps with learning requirements. If the
two of them are correctly developed but not integrated, it is likely that the analysis will be done twice, with a
consequent increase of costs.

Yet the integration of the two processes and of the different approaches is not an easy task. First of al, no unified
model currently exists — the proposal introduced in this paper is a tentative solution to fill this gap. Secondly, and thisis
a larger issue, the instructor’s and instructional designer’s profile does not include the advanced web design
competencies required for producing high-quality hypermedia applications. For this reason, the model presented below
should be intended also as an interaction framework among different professiona profiles.

This framework will be refined and tested through the development of case studies, currently carried on at Politecnico
di Milano and University of Lugano. We are also attempting to map the different types of requirements on a set of design
properties, to relate educational activity design dimensions on hypermedia design dimensions. This work will lead to
the definition of a set of design patterns (Alexander 1997, Gamma 1996, Garzotto et al. 1999) for e-learning
hypermedia, coupling pedagogical “problems” with high-level hypermedia design solutions, for enhancing the reuse
and sharing of experience from both instructional design and hypermedia design.
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