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Especially eLearning and eScience technologies offer a
Flelelllty and adaptIVIty are two of the OUtStandig char- wide range of pOSSibiIitieS for pedagogica| Concepts sup-
acteristics of new media and new technologies in learning, porting individual demands and interests. The two deciding
teaching and research. These properties allow new meth-tactors are given by its interaction capability and theigbil
ods to provide physically challenged people with appropri- to adapt to the user, both practically unachievable using tr
ate education. Accessibility of Web applications is tyltyca  ditional media. These two features are the key to extend the
focused on the perception and control of information. In methodology of teaching scenarios as well as the support of
contrast, the transfer of knowledge as complex information jndividual learning strategies - the integration of new me-
includes further issues of pedagogics and cognitive psy-dia into the academic education thus possesses the pbtentia
chology. Here, the basale role of accessibility for usapili  to assist in transcending the disadvantages in education of
and the transfer of knowledge is extended with the conceptphysically challenged people.
of mental models to meet the requirements of Web-based
teaching and Iearnmg._ B"_"Sed on recent approaches f_or accessible to all users. Recent accessibility guidelines f
model-based Web apphcatyon devglopment the BeLearplng\Neb applications are often focused on easy access to infor-
concept demonstrates the integration of mental models iNto\ation and do not address teaching of knowledge. How-
the design process of accessible eLearning environments. ever, the implementation of accessible, highly multimedia

based platforms with dynamic generation of Web pages has

to respect the needs of accessibility from the beginning of
1. Introduction the design process. Based on semantic content encoding

and model-based development, a broad range of accessi-

Web-based eScience and eLearning platforms offer a greapility features can be supported. The additional demands
potential to teach physically challenged people. Firs, th of accessible eLearning platforms are discussed in section
possibilities to distribute teaching materials and comimun 2. Especially the concept of mental models is presented in
cation between all participants have been dramatically im- Section 2.1 to include issues of teaching and learning.
proved by computers and the Web. Secondly, based on the Part of recent research is Web application development
separation of content and representation, the same informawith Model-Driven Architecture (MDA). Web applications
tion can be presented through different media types adaptedhre first described in a precise Conceptual Schema (CS)
to different sensory perceptions. Finally, in comparison t using enhanced UML. Classical MDA-approaches are ex-
traditional teaching materials and media forms the moderntended with additional models for user classification, nav-
information and communication technologies include new igation and presentation corresponding to the demands of
approaches concerning far-ranging user adaptivity. el-ear Web applications. Some approaches even facilitate access
ing platforms can provide the user with additional informa- to navigation and hyperlinking with additional annotation
tion about multimedia content, navigation and presematio during the design process. Based on recent proposals for

Unfortunately, current eLearning platforms are often not



model-based Web application development a concept is pre-
sented in section 3 to demonstrate the possible integration
of mental models into the design process of Web applica-
tions.

2. Accessibility and Mental Models

Especially in the fields of eLearning platforms accessibil-
ity plays a basale role for some further issues like usabilit
and teaching as well as learning of knowledge. Here, ac-
cessibility is essential to reach those aims. The \WAED
Accessibility Initiativg formulates some main ideas in the
working draft of the to-be WCAG 2.0/eb Content Acces-
sibility Guidelines 2.(J19]): Content and control must be
perceivable, understandable and operable by each user and
they must be robust enough to work with current and future
technologies. In short, accessibility is focused on access
to and control of information. Usability and eLearning are
based on it. However, they require new approaches to inte-
grate access to information into the propagation of knowl-
edge.

In general, usability is taken as a software quality factor.
The standard definition for the usability community is part
11 of the international standard ISO 92&rdonomic Re-
quirements for Office Work with Visual Display Terminals
[8]. The definition introduced by Nielsen [14] is the one
which is most adopted. There usability refers to learngbili
efficiency, memorability, few errors and users’ satisfacti
[12].

To achieve measurable and precise criteria for a system-
atical use the principles can be further decomposed and spe-

cialized into finer-grained rules. Even for Web use some 3

extra criteria are necessary such as to find desired informa-
tion, to use direct search and browsing, to comprehend the
presented information, invoking and executing specific Web
services such as ordering and downloading.

Additionally, eLearning portals are dealing with knowl-
edge which is more than information. Knowledge is the cre-
ation of new information based on interpretation and com-
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Figure 1. Knowledge — Information — Data

recommendations of the W3C are based on the univer-
sal design paradigm. For all multimedia content like
pictures, graphics, animations etc. a textual pendant
must be available. Even the input must be independent
from the input device.

2. Target-Group-Specific Design:Dynamic Web appli-

cations allow to adapt the presentation to the needs of
the user and to support additional information about

multimedia content, navigation and presentation. A

paradigm based on this is the target-group-specific de-
sign that classifies the users in different groups with

specific characteristics. For physically challenged peo-
ple a useful classification is based on functionality (and

not on medical diagnosis) such as visually, hearing,

physically and mentally impaired people.

User-Centered Design: Between physically chal-
lenged people almost everyone has specific limitations
and every classification will be limited. Thus, user-
centered means that the user can specify his or her par-
ticular needs. A user-centered design involves the user
into the presentation, control and generation of infor-
mation.

bination of available information. Knowledge includes the 9 1  Mental Models

way of thinking and represents the highest level in relation
to explanatory power. In short, it is complex information.
To teach and learn is more than propagating and capturingO
information and includes concepts of pedagogics and fur-
ther mental user activities. Here, to realize this distorct
between computational data, information and knowledge a
hierarchical model (see figure 1) is used.

Three paradigms are possible to realize accessibility for
Web applications. All include accessible presentation and
control of information as well as accessible generation of
content.

1. Universal Design: The main idea of universal design

Teaching knowledge includes issues of cognitive psychol-
gy and pedagogics. The capability of users to understand
ideas and concepts of thinking depends more on their way
of thinking than on their capability to receive information
with a certain sense. Thus, accessibility of knowledge as
complex information comprises a model of their way of
thinking too. Accessibility focuses first and foremost on
the problems of information transfer. However, knowledge
transfer as transfer of complex information cannot be ac-
counted without additional concepts of teaching and think-
ing. Even accessibility approaches are often hard to com-

is to present all information readable for all users. The bine with other concepts of usability and pedagogics since
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they are focused on access to information. ture and differ one from another in relation to their power in

Here, it is proposed to extend flexible design paradigms meta-linguistic and hierarchical models.
for accessible eLearning platforms with the concept of men-  Lorscheider [10] classifies mental models on their level
tal models to better meet the demands of Web-based learnef organization. There are individual and collective madel
ing environments. In cognitive psychology the concept A useful classification and specification of mental models
of mental models has been developed within the last twofor accessible learning environments is part of future work
decades. Mental models aim to understand the different
kinds of thinking and solving problems. They enable ex- 2.2  Summary: Demands of Accessible
tending the level of information transfer with the level of Dynamic Web Applications
understanding and imagination. There, the subject of the
user and concepts of knowledge as complex information ar
integrated.

Similarly, a classification of mental models addresses the
issue of adaptation in the fields of learning and teaching in
a better way. For example the mental models of blind peo-
ple depend on whether they are blind by birth or later. The
association of colors and geometrical notions is as diffiere
as that between blind by birth and sighted people.

The basic assumption of mental models are internal

eAs already discussed the target-group-specific design and
the user-centered design are flexible to adapt the presenta-
tion to user needs. Together with appropriate mental models
profiles for presentation, navigation and control of the Web
application are possible which combine aspects of percep-
tion and interaction with aspects of thinking.

However, the development of flexible, accessible
eLearning applications with dynamic Web page generation
requires a semantic encoding of the complete content to re-

models of reality as ay|tal char.actenstlc of human thigkin = _ji-a the separation of content and presentation. Support-
They are based on daily experience, learned knowledge an g the underlying semantic technology is vital to realize a

reasoning. The models are constructed for problem solvingy .4 accessibility of highly interactive virtual knowtgel

as mental representation of a given situation. Thereby thespaces and incorporating intelligent tools for the develop

available knowledge is used. On the one hand, the mental,o .t ang administration of content. Here it is important to
model is the representation of a part of reality. On the other qpion that semantic encoding may not be restricted to the
hand, itis the foundation of thinking and acting. Models are .,tant elements themselves, but has to include all aspects
!or.agmatlc since the mapping of original to model is not def- which are highly content-related as, for example, navigati
inite. The choice is affected by the purpose. Thus, mental e chanisms and interactivity. Even the storing of semantic
models are application- or problem-specific. data in XML-dialects has to respect some issues to support
Mental models are understood as analogical structures; semantic-rich XML-language and documentation as well
that contain the attributes of the original in an interpdete 54 export of the semantics.
form. The model represents the structure of the original Here, model-based development is proposed to facilitate
with its own structure and is able to present non-discursive o design of complex, accessible Web applications. Model-
knowledge by similarity. driven development is related to a design process where all
Mental models are not static. Their generation is the pro- jnformation is available to provide the designed applmati
cess of qualitative simulation of the outside world withiet  yith the semantic information about the used objects, their
continuous course of which they will be developed. Thus, yre|ations and meanings. Storing this knowledge in a way
cognitive psychology distinguishes different states olmo  enabling the compiler to automatically generate all rezgliir
els. Perception models are formed by perception and are thgnformation, model driven design processes for Web ap-
basis of further cognition. Conceptual, causal or cog#ati pications are a promising approach for bringing together
models can simulate higher complexity. the requirements of learning environments and accessibil-
Different approaches are proposed to classify mentality. Thus, conceptual design can enable accessibility-with
models. Here, the taxonomy of Hartmann and Eberleh [7] out extra effort.
is mentioned which is based on the work of Johnson-Laird
9]. It separates physical from conceptual mental mod- .
[el]s. Physl?cal modpelg represent aspec?s of the real world3 Conceptual Design
and conceptual models represent aspects of the symbolic-
linguistical world. Furthermore, physical mental models Nowadays it is more than ever accepted that the develop-
can be separated into models with a chronological struc-ment of quality and reliable software applications has to
ture and models with a spatial structure. Based on Lewinsstart with a precise description of an information system in
concept of “topology” spatial models can be topological or a model. This model can be described with a sound and
metric. Conceptual models are putting knowledge into re- unambiguous Conceptual Schema (CS) using the wide ex-
lation with linguistic notation. They have a relationalst tension of the Model Driven Architectures (MDA). The CS
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includes static aspects, dynamic aspects, structure and be Conceptual Modeling
Dynamic

havior. Afterwards a model compiler transforms the CS Model —‘

into its corresponding application with defined mappings
between the conceptual primitives and their software rep- Structural Navigational | | Presentational
resentations. The implementation of model compilers was Mode! e -
driven by the development of such mappings. A
Model-based Web application development is based on P oder™
the principles of MDA for an object-oriented approach.
The design process is controlled with use case scenarios,
architecture-centered and uses iterative as well as ir@rem
tal steps for development. Thus, it is appropriate for com-
plex Web applications which are complex in respect to con-
tent, structure, function and technology. | et UEP GAppteEiien Lagts) |
The design of a CS is, applied to Web applications, an
even bigger challenge additionally complicated by some |
missing features of UML to model Web-based applications. Architecture
Not only is it necessary to map the structure and behav-
ior of the whole application but also that of the intended Figure 2. Overview OOWS Approach [2]
navigation and presentation. Therefore, a challenge of re-
search on conceptual modeling is currently the design pro-
cess of Web applications. Some already existing interest-fied. A global view and a detailed view describe navigation
ing proposals are WebML [18], Web Site Design Method specifications with a class diagram. Class attributes; rela
(WSDM [4]), Object-Oriented Hypermedia Design Method tionships and operations are used to determine visibility f
(OOHDM [6]) and Object-Oriented Web Solutions (OOWS each user.
[16]). Here, OOWS is presented as an example since it ex- The presentational model ist based on the navigational
tends an object-oriented design approach and seems suitnodel. It uses patterns to associate the primitives of navi-
able for the design of complex server-based Web applica-gational context like navigational links or searching mech
tions and the BeLearning concept (see section 3.3) uses thisinisms with presentation properties.
approach for further extension. Furthermore, the Dante ap- An additional approach [5] is combined with the navi-
proach is described which aims to improve accessibility for gational model to include the description of adaptive nav-

Implementation

S CEERRET]

Presentation Tier (Web Environments)

S CEERLERR T

Persistence Tier (Databases) |

visually impaired people. igation techniques in the early process of Web modeling.
Even if this technique is not intended to improve accessi-
3.1 The OOWS Approach bility it can be extended to support orientation for visyall

impaired users since they use links to gain a quick outline

OOWS extends the object-oriented software developmentc_’f a Web page. _Thre_e _techniqu_es of Iinl_<ing are included:
link-annotation, link-hiding and link-ordering.

approach OO-Method [15] with additional capabilities to
capture the navigational and presentational requirenoénts
Web applications. Navigational and presentational design 3.2 The Dante Approach
are integrated to object-oriented conceptual modeling and
systematic code generation is provided. The Dante project [1] aims to improve the access for visu-
The OO-Method was extended with three additional ally impaired people to Hypermedia environments — espe-
models: user, navigation and presentation model. OOWScially the Web. It is focused on devising a tool to analyse
defines a set of activities to properly specify the functipna and transform Web pages using a model-driven approach
presentational and navigational aspects (see figure 2). Aand generating annotations from the design specifications.
fully operative Web model compiler that includes the pre-  Usually, visually impaired users have to rely on screen
sentational layer is part of future work. readers. In some countries Braille devices are often used,
The extension of “classical” conceptual modeling starts having the same impact on this discussion. This assistive
with the user diagram to determine the kind of users which technology read the content sequentially and cannot detect
can interact with the application and what visibility they and present the meaning of different page objects. With-
have. The diagram supports user specialization and useput further information this implicit knowledge of the stru
taxonomies for specification reuse. Three types of users exture is not accessible to visually impaired people. Extra
ist: anonymous users, registered users and generic users. semantical annotation can avoid the problem if the screen
Then, for each user type a system view must be speci-reader is provided with additional semantic information.
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The Dante-approach allows semantic annotation of Webmodel images are combined with objects from earlier mod-
pages to explicitly provide knowledge about structure and els like the functional model and the navigational model
to support screen readers to facilitate the audio presentat which declare the function represented by the image. In
of the content. The identified objects are annotated with most of the cases alternatives are possible. The develop-
terms from the Web Authoring for Accessibility ontology ment of the user model and the conceptual design of the ap-
(WAfA). Currently, such annotations were done manually plication as well as interface design and navigation design

and do not address the problem of dynamic content. are parallel operations affecting each other.
In combination with the Web site design method WSDM
it is possible to fully automate the generation of semahtica Mission statement

annotations used for Dante [17]. It is estimated that 85%

of the annotations can be provided in this way. This makes |_Reauirements gathering |

Dante interesting for dynamically generated content. v v
Conceptual design
3.3 The BeLearning Approach DS Lesqe
Functional model

L I
Within BeLearning at the Berlin University of Technology, ¥ | ]
model-based development of accessible Web applications | Navigation model |< ..... >| Interface design
is investigated. Thereby, Moodle [2] (as a non field spe- | [
cific eLearning platform) and Mumie [3] (as a field specific v
platform for mathematics) serve as demonstration environ- |_Representation model |

ments. v _
Supplementary annotation of images is investigated to | Implementation |
support accessibility to multimedia content. The field of
navigation is one of the major issues to support accessibil-
ity. Another one is multimedia content. Starting from both Figure 3. Overview BeLearning Approach
presented approaches to improve navigation techniques Be-
Learning examines the possibilities to extend the accessi-
bility features for multimedia content too. Images, graghi
etc. have different functions in Web content. They can serve
for decoration, representation, interpretation etc. €hitrr

Web application

Mental models are integrated at first within the user
model and later used to specify presentation, navigatidn an
interface requirements within the appropiate models. As an

discussions concerning presentation are usually focused o exam?'e figure 4,,'3 shown where ‘fabstract model”and “ge-
the meaning to be conveyed by the objects as the descriptiorff)met,rlcal model represgnt two different user tYF’eS which
of a visual object is meaningless to visually impaired peopl imagine mathematlcs with abtrag:t or geometncal' mental
if it is not related to concepts available to their imagioati models. A deta||_ed user model including a classification
Otherwise it is important to communicate the significance of mental models is part of future work.
of the picture so that the user can understand why the image
is there and if it is necessary to recognize all detalils. i

Even if a lot of these aspects can be carried by text too Generic User
or it is not necessary to understand the content a complete
substitution is not possible. If the Web application model
declares the function of an image it can be decided which
substitution can be applied. To make this kind of content
accessible at first function and intention must be clear for
the user. This sort of "semantic information” is available
from the Web model too and can be processed by the model
compiler. Another interesting approach to translate irsage
into haptical graphics presents Kurze in [13].

Based on the OOWS and OOHDM a concept (see figure i i
3) is presented to explicitly address the main fields of ac- Abstract Model Geometrical Mode
cessibility — perception and interaction — and to meet the
demands of complex server-based Web applications like Figure 4. Example for BeLearning User Model
eLearning environments. Therefore it is necessary to de-
sign representation and interfaces too. In the representat

Registered User Anonymous

Administrator  Author  Student
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4 Conclusion and Outlook

The concept of mental models offers advantages for the de-

velopment of accessible eLearning platforms. The specific

requirements of learning scenarios can be integrated into
the design process of complex Web applications. The use

(4]

(5]

of mental models enables to overcome the absence of user [6]

subject in “classical” information theory and to integrtte

mental user activities. Mental models are a appropriate con
cept to integrate the more of knowledge as complex infor-

mation.

With the presented approaches model-driven Web devel-
opment can support accessibility in the fields of navigation
and illustration. This is not a general approach to support [9]

accessibility in all aspects since the support of intececti

(7]
(8]

is not discussed and also multimedia includes not only im- [10]
ages. However, the basic idea is applicable to other fields
too: Accessibility at first is not a question of a simple re- [11]
placement with other media but to extract the function and
purpose of information and find ways to describe these in-
formation with models understandable for model compilers.
Even if interactions with the user are not discussed here in
detail they are affected by the issues of perception too. Of-
ten the problems of interaction are at first not problems of

input but orientation, explanation etc. Within Belearniag

subject of further examination:

e a detailed concept of mental models for use with user
models to support the model-based development of ac-

cessible Web applications

(12]

(13]

(14]

De Troyer, O.M.F. and Leune, C.J. WSDM: a User-Centered
Design Method for Web Sites. IBomputer Networks and
ISDN Systemsolume 30, No. 1-7, pages 85-93, 1998.

G. Rojas, V. Pelechano, J. Fons. A model-driven approach
to include adaptive navigational techniques in web applica
tions. Ininternational Workshop on Web Oriented Software
Technology (IWWOSTpages 13-24, Porto, Portugal, 2005.
Gustavo Rossi, Daniel Schwabe. Model-based Web Appli-
cation Development. In Emilia Mendes, Nile Mosley, editor,
Web Engineeringpages 303—-333. Springer, Berlin Heidel-
berg, 2006.

E. A. Hartmann. Arbeitssysteme und Arbeitsprozessdf,
Zirich, Switzerland, 2005.

ISO. ISO 9241: Ergonomics Requirements for Office Work
with Visual Display Terminal (VDT), 1997.

P. N. Johnson-LairdMental Models Univ.Pr., Cambridge,
1983.

B. Lorscheider. Kooperative Lernprozesse in Produktion-
sunternehmenRWTH, Aachen, 1997.

Luciano Baresi, Sebastiano Colazzo, Luca Mainettidga
Morasca. W2000: A Modelling Notation for Complex Web
Applications. In Emilia Mendes, Nile Mosley, editoffeb
Engineering pages 333-364. Springer, Berlin Heidelberg,
2006.

M. Matera, F. Rizzo, G. T. Carughi. Web Usability: Prin-
ciples and Evaluation Methods. In Emilia Mendes, Nile
Mosley, editorWeb Engineeringpages 143-180. Springer,
Berlin Heidelberg, 2006.

Martin Kurze. Methoden zur computergenerierten Defst
lung rumlicher Gegenstnde fr Blinde auf taktilen Me-
dien. http://ww.diss.fu-berlin.de/ 1999/

37/ ,1999.

J. Nielsen. Usability Engineering Academic Press, Cam-
brige, MA, 1993.

e a prototypical implementation to evaluate the possibil- [15] Oscar Pastor, Jaime Gomez, Emilio Insfran, Vicente

ities of mental models in model-based Web design

¢ to examine how mental models can be used with exist-
ing eLeaning platforms as Moodle and Mumie to im-

prove the support of teaching and learning

¢ the integration of interactions in the model-based Web

application development process

(16]

More issues for future work are other kinds of multimedia [17]
content like applets, the use of SVG (Scalar Vector Graph-

ics) to enhance accessibility etc.
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