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Abstract

Significant efforts are currently focused on defin-
ing powerful frameworks and architectures to sup-
port interoperability and integration of Web-based
Educational Information Systems (EIS). We ap-
proach this integration problem from a rather prac-
tical perspective and propose a pragmatic frame-
work for supporting communication between exist-
ing concept-based EIS aimed at utilizing systems’
resources. The framework allows two independent
systems to share and interchange information
solely through ontology-based communication
without sharing data stores. As a basis of the
framework, we define a communication ontology
and propose an interaction protocol, CB-EIS IP,
built over a SAAJ-enabled SOAP transport layer.

1 Introduction

Web-based learning support systems, including Educational
Information Systems (EIS) that are aimed at providing re-
sources and services for various educational goals and tasks
attract a growing interest. Representatives of such systems
are adaptive textbooks constructed with AHA! [De Bra et al,
2003], InterBook [Brusilovsky et al, 1998] and NetCoach
[Weber et al, 2001], or adaptive courses prepared within
ELM-ART [Brusilovsky et al, 1996], PAT Online [Ritter,
1997], AIMS [Aroyo et al 2001], etc. Most of these special-
ized educational systems and content providers support only
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a single task/function within the educational process. In
order to support a richer set of educational functions and
increase their effectiveness, such systems need to interoper-
ate, collaborate and exchange content or re-use functional-
ity. Consequently, considerable efforts are currently focused
on defining powerful frameworks and architectures to tackle
issues of integration and interoperability of such systems.
These frameworks prove useful for developing future effec-
tive large-scale web-based educational systems. In this pa-
per we try to approach the integration problem of present
systems from a rather practical perspective and propose a
pragmatic framework for supporting communication be-
tween existing concept-based EIS aimed at utilizing sys-
tems’ resources.

The main goal of web-based EIS is to provide the learners
with immediate, on-line access to a broad range of struc-
tured information. They also support more efficient task
performance by offering learners a domain-related help in
the context of their work. There are a number of concept-
based EIS already developed [Brusilovsky et al, 1998; We-
ber et al, 2001; Brusilovsky et al, 1996; Aroyo et al 2001;
Dolog et al, 2004; Dicheva et al, 2004b] which typically
include:

e concept-based (ontology-driven) subject domain,
o repository of learning resources,

e course (learning task) presentation,

e adaptation & personalization.

The fundamental feature of these systems is the subject do-
main conceptualization. It supports not only efficient im-
plementation of their required functionality but also stan-



dardization: the concept structure can be built to represent a
domain ontology that provides a broadly agreed vocabulary
for domain knowledge representation. If the attached learn-
ing resources have also a standards-based representation as
opposed to a system-specific internal representation, this
will insure that the application’s content is reusable, inter-
changeable, and interoperable. Good examples of such sys-
tems are AIMS (Adaptive Information Management Sys-
tem) [Aroyo et al, 2001] and TM4L (Topic Maps for Learn-
ing) [Dicheva et al 2004b], which we use as examples in our
discussion. Though quite similar, these systems can be seen
as complementary in the way they support learning tasks.
While AIMS includes course representation and sequencing,
TMA4L is a digital library, which does not include direct
course representation.

Integration and interoperability are very important for the
EIS systems. If interoperable, two systems can benefit of
additional functionality (supplied by the other system) and
especially of sharing resources and common components,
e.g. user models. In our example of AIMS and TMA4L,
TMA4L can use AIMS course sequencing model, and re-
source metadata, while AIMS can use TM4L external and
internal resources, domain and resource merging capability,
text search, and external search. Our approach to the con-
cept-based EIS integration problem is rather practical and
based on sharing information between systems solely
through communication without sharing data stores (e.g.
providing data from one system on a request from another
without allowing a general access to the private data store of
the first system). The main questions related to the imple-
mentation of such communication concern the level of
granularity of communicated information, the syntax and
semantics of communication messages, and possible modes
of use of user models (communicated or shared by systems).
We have tried to answer these questions at two levels — a
general one and a pragmatic one, which provided guidelines
to the design of two corresponding frameworks for support-
ing communication between concept-based EIS. While the
general framework fits well in the ambitious effort to define
conceptually the shared and interoperable Educational Se-
mantic Web by providing a powerful service-oriented archi-
tecture to support efficient communication between compo-
nent-based EIS, the pragmatic one presents an efficient cur-
rently realistic solution by providing a constrained architec-
ture for supporting shareability and exchangeability of exist-
ing systems’ resources. Our implementation efforts as well
as the focus of this paper are directed to the constrained
architecture, since we believe that it will help to fill a gap
between the current situation and the promises of the Educa-
tional Semantic Web of the future.
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The paper is organized as follows. After a brief descrip-
tion of the general framework for supporting interoperability
of various concept-based EIS in Section 2 (for details see
[Dicheva et al, 2004a]), we propose a pragmatic approach
for implementing the communication between two existing
concept-based EIS (Section 3) by defining a communication
ontology (Section 4) and proposing an interaction protocol,
CB-EIS IP, built over a SAAJ-enabled SOAP transport
layer (Section 5). We conclude with a short discussion.

2 General Architecture for Component-based
EIS Interoperability

The proposed in [Dicheva et al, 2004a] general architecture

for supporting component-based EIS include (see Figure 1):

o Stand-alone, component-based independent EIS using
their private subject domain ontologies.

o [nformation brokerage bureau where all applications
are registered.

Services to support systems communication, e.g. for
ontology mapping.

o Communication bridges between the systems support-
ing standardized transport mechanisms and a common
interaction protocol.

The main purpose of the architecture is to support sharing
and exchanging information between EIS initially designed
to be standalone. This is achieved through communication
between the systems (or their components) via services in-
cluded in the framework to facilitate systems’ communica-
tion. The services, including ontology-related services, are
intended to support different specific aspects of the commu-
nication.

A communication is an interaction between two software
systems (agents) guided by an interaction protocol. The
communication between the systems requires not only stan-
dardized transport mechanisms and communication lan-
guages, but also common content languages and semantics.
We have chosen XML as an ‘information’ content language
to represent the content embedded in the messages in our
architecture, as opposed to the commonly used ‘logic’ lan-
guages for representing the content, embedded in ACL
(Agent Communication Languages) messages, such as KIF
(Knowledge Interchange Format) [KIF, 1998], SL (Seman-
tic Language proposed by FIPA) [FIPA-SL, 2004], and
Prolog.
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Figure 1. General architecture for component-based EIS interoperability.

As to the communication semantics, in order for the ap-
plications to understand each other we propose using a
communication ontology that defines the vocabulary of
terms used in the messages at both message and content
layers (see Section 4). To interpret the requests and answers
standardized domain ontologies, User Model ontologies, as
well as upper-level ontologies such as, WordNet, etc. can be
used.

Our next step is to constrain the proposed general archi-
tecture by considering only two communicating systems that
“know” each other and “trust” each other. We consider that
this is a common case and the goal is to find a configuration
that will support such communication and allow sharing of
systems’ knowledge and resources.

3 Constrained Architecture for Concept-
based EIS Communication

Since our present goal is to support communication between
already developed concept-based EIS, each system is as-
sumed to be a standalone application and is not required to
have a particular architecture or to “adapt” to the other sys-
tem in the framework. We make two important presump-
tions and use them as a basis for our design of a constrained
architecture:

e The two systems know and are committed to commu-
nicating with each other. This implies that the systems
will communicate directly and there is no need of In-
formation brokerage bureau for registering the appli-
cations. Note that one system can communicate with
more than one other system in such a direct mode.
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e Concerning the services related to ontology mapping,
an important presumption for our simplified frame-
work is that the domain ontologies are created and
used within one community, not different communi-
ties. This eases a lot the task since we may assume
that in one community there exists an agreed upon
understanding that favors the sharing of knowledge.
Indeed, the goal of the EIS systems that we consider
is to support learning in a specific course (discipline),
for example a Database course. The community of us-
ers includes potential instructors (authors) and learn-
ers. Since the authors are knowledgeable in the spe-
cific subject domain, e.g. databases, it can be assumed
that in defining the domain ontology they will use
terms (concepts) that are accepted and agreed upon in
that domain. This will remove the necessity of align-
ment and translation of domain ontologies. That is
why ontology-related services are not included in the
constrained architecture. Note that it will be useful
though to include a service for merging ontologies.
Currently, we delegate this task directly to the appli-
cations.

Table 1 compares the components in the general and con-
strained architectures.



Components General Architecture | Constrained Architecture
Stand-alone EIS based on domain ontologies Yes Yes
Information Brokerage Bureau Yes No
Communication-supporting services Yes No
Communication Bridges Yes Yes

Table 1. Components required in both architectures

As shown in Table 1, the proposed constrained architec-
ture includes only the two concrete communicating systems
(e.g. AIMS and TM4L) and a communication bridge be-
tween them (see Fig. 2). Since in this architecture there are
only two “committed” communicating systems, there is no
real need of agent communication management, represented
by Information brokerage Bureau and Communication-
supporting Services.

We propose a common interaction protocol for the com-
munication between Concept-Based EIS (CB-EIS IP) built
over a SAAJ-enabled SOAP transport layer. As a content
language we use XML, which is designed to support data
exchange interoperability between applications. In the next
sections we first propose a communication ontology for the
pragmatic framework and then discuss implementation de-
tails of the proposed constrained architecture, including the
proposed interaction protocol.

4 Communication Ontology

In order for the communicating applications to understand
each other we need an ontology to provide a basis for shar-
ing a precise meaning of symbols exchanged during com-
munication. An ontology denotes a representation vocabu-
lary of a specific domain, and more precisely the conceptu-
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alizations that the terms in the vocabulary are intended to
capture [Chandrasekaran et al, 1999]. In our case we define
a communication ontology which conceptualizes the domain
of the communication between two concept-based EIS. We
distinguish two parts, corresponding to both layers of an
interaction between two communicating systems, the mes-
sage layer and the content layer. Consequently, we propose
the Communication Ontology (CO) to consist of communi-
cation content ontology and interaction protocol ontology
(see Fig. 3):

e Communication content ontology (CCO) - describes
the content (knowledge) that can be exchanged by the
systems (corresponds to the content layer).

e Interaction protocol ontology (IPO) - specifies interac-
tion communicative act types (corresponds to the
message layer).

4.1 Content Ontology

The Communication Content Ontology defines the terms
(concepts) needed to exchange messages, i.e. gives the
meaning of the symbols included in the content expression.

A

Figure 2. Pragmatic integration framework for AIMS and TM4L
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When two concept-based EIS exchange data, the message
content will typically include two types of terms (concepts):
terms belonging to the domain ontology of the sender (the
application sending the message) and terms categorizing
domain term(s). The latter belongs to the general informa-
tion model of concept-based EIS. For example, the sender
can send a request for information of the kind “Send me all
relationships in which you believe concept ‘ER-model’ is
involved”. In this message ‘ER-model’ is a term (concept)
from the subject domain of the requesting application, while
‘relationship’ and ‘concept’ are terms belonging to the in-
formation model of concept-based EIS.

Thus in our framework, the content ontology consists of
two parts: the application domain ontologies (DO) of the
involved EIS and an application domain-independent ontol-
ogy defining the concept-based information model of EIS
(EISO). The latter includes basic terms describing the in-

Communication Content Ontology

formation model of concept-based EIS, such as concept,
concept name, relationship type, relationship role, etc. Fig-
ure 3 presents an excerpt from this ontology. In the pro-
posed framework, each application uses the common EISO
ontology and its own domain ontology. For this reason we
have depicted application domain ontologies separately
from the EIS ontology in Fig. 1.

4.2 Interaction Protocol Ontology

The Interaction Protocol Ontology (IPO) defines terms re-
lated to message types, reasons, and preconditions. While
the communication content ontology is generally independ-
ent of the framework’s functionality, the IP ontology has to
reflect its functionality (e.g. whether it supports agent com-
munication).

Interaction Protocol Ontology

(cco) (IPO)
/\ “
EIS Ontology EIS Subject Domain
(EISO) Ontologies
Resource Domain Course Message
Model Model Sequencing
Primitives Primitives Primitives
/T\ Type
Concept
Rules Relation/
Association
Scope Name
P Role Scope

Alternative

player

i Related name Relation
Published .
gu.;fe:t Concept Attribute Type
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Parent (Subclasg  Type
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Instance of

Figure 3. An excerpt from the communication ontology
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Figure 4. An excerpt from the IPO ontology

Messages represent communicative acts denoting the ac-
tions related to communication. In general, communicative
acts (performatives) include (1) queries, (2) responses, (3)
informational, (4) capability definition, (5) generative, and
(6) networking (see KQML [Finin et al, 1994]). Since the
two applications in our constrained architecture are “com-
mitted” to collaborate, the communication between them is
very simple and does not require the typical variety of mes-
sage types, for example, types such as agree, accept, cancel,
propagate, and refuse, as well as defining message precondi-
tions and reasons. Thus, in our case we choose the IPO on-
tology (Fig. 4) to include the following message types:

Status
e Failure: Informing that an action was attempted but
the attempt failed.

o Not understood: message or Domain Ontology term.

e Success: Informing that an action was attempted and
the attempt succeeded.

Query
e Query-know: Asking whether the receiver knows
about an object corresponding to an EIS Ontology
term/category (e.g. specific concept, relationship, etc).

e Query-confirm: Asking whether a proposition is true.

® Query-object: Asking for an object or all objects of
specific category in the EIS Ontology (e.g. concept,
relation, etc).

e Query-if-object: Asking for objects as in ‘query-
object’ but in case a specified proposition is true.

Response
o Response-know: Informing the receiver whether or
not the sender knows about the specified object.

o Response-confirm: Confirming to the receiver that the
specified in the query proposition is true or not.
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o Response-object: Sending to the receiver the objects
specified in the request.

e Response-if-object: Sending to the receiver the objects
specified in the request only if the specified proposi-
tion is true.

5 Communication Bridge

As a basis of the transportation mechanism in our frame-
work we have chosen SOAP (Simple Object Access Proto-
col) [SOAP], which is a standard lightweight protocol for
exchanging information in a decentralized, distributed envi-
ronment. It complies with the WS-I Basic Profile 1.0 speci-
fications and therefore supports interoperability across plat-
forms, operating systems, and programming languages. It
actually permits an exchange of messages in XML format
between physically distributed machines. More specifically,
the communication bridge is based on using the SOAP with
Attachments API for Java (SAAJ). The SAAJ API, allows
creating XML messages that conform to the SOAP 1.1 and
WS-I Basic Profile 1.0 specifications. A SAAJ client is a
standalone client. It sends point-to-point messages, i.e. a
message goes from the sender directly to its destination.
Messages sent using the SAAJ API are request-response
messages. They are sent over a SOAP connection, which
sends a message (request) and then blocks until it receives
the reply (response). A SOAP message is an XML docu-
ment. It always has a required SOAP part, and it may also
have one or more attachment parts (that can contain any
kind of content). The SOAP part must always have an en-
velop, which contains a SOAP body.

To realize the communication between two concept-based
EIS, we propose an interaction protocol, CB-EIS IP (Con-
cept-Based EIS Interaction Protocol), which provides the
real semantics of the communication between them. Since
the message content language in the framework is XML, we
have defined a DTD for XML files representing the content
of interaction messages that conform to this protocol.



<!ELEMENT message (queryMessage | responseMessage) | statusMessage>
<!ELEMENT queryMessage (query-know | query-confirm | query-object | query-if-object)>
<!ELEMENT query-know (commOntoTerm, dmOntoTerm)>

<!ELEMENT query-confirm (proposition)>

<!ELEMENT query-if-object (proposition, query-object)>

<!ELEMENT query-object (objectSpec, categorySpec)>

<!ELEMENT proposition (relation, dmOntoTerm, dmOntoTerm)>

<!ELEMENT categorySpec (commOntoTerm)>

<!ATTLIST categorySpec type (category | ALL )>

<!ELEMENT objectSpec (relOperator, commOntoTerm, dmOntoTerm)>
<!ATTLIST objectSpec type (object | ALL )>

<!ELEMENT relation (#PCDATA)> <!-- term from DO —-->

<!ELEMENT dmOntoTerm (#PCDATA)> <!-- term from DO -->

<!ELEMENT commOntoTerm (#PCDATA)> <!-- term from EISO -->

Figure 5. An excerpt of the DTD definition of the CB-EIS IP

The DTD definition is based on the developed Communica-
tion Ontology (CO). An excerpt of the DTD document is
given in Figure 5. This DTD allows sending messages like
the following:

e A request asking whether the recipient “knows” the
concept ‘relational model’:

<message>
<queryMessage>
<query-know>
<commOntoTerm> concept </commOntoTerm>
<dmOntoTerm> relational model </dmOntoTerm>
</query-know>
</queryMessage>
</message>

e A message, containing a “yes” response to the previous
request:

<message>
<response-know type = known/>
</message>

e A message, requesting the relationships in which con-
cept ‘ER-model’ is involved:

<message>
<query-object>
<objectSpecification>
<relationalOperator type equal/>
<commOntoTerm> concept </commOntoTerm>
<dmOntoTerm> ER-model </dmOntoTerm>
</objectSpecification>
<categorySpecification type = category>
<commOntoTerm> relationship </commOntoTerm>
</categorySpecification>
</query-object>
</message>
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The CO interface modules in our architecture (see Fig. 2)
are responsible for translating the messages (requests and
responses) from the native language of EIS (e.g. TM4L or
AIMS) into the language of the universal CB-EIS IP and
vice versa. We plan to develop an API for Java (EISIPAJ),
to be used by the CO interface for creating and interpreting
XML files (representing the content of interaction mes-
sages) that conform to the CB-EIS IP. The CO interface is
built on top of a SAAJ module and uses it to realize the CB-
EIS IP with SOAP messages (the CB-EIS commands are
embedded within the SOAP body).

Thus, in the proposed pragmatic framework, two inde-
pendent systems can share and interchange information
solely through ontology-based communication without shar-
ing data stores. This removes any constraints on the systems
architecture as well as the necessity of developing a ‘wrap-
per’ system, i.e. an environment that host the communicat-
ing systems. The only requirement for the systems is to be
furnished with a plug-in realizing a CO interface that en-
ables sending and receiving messages conforming to the
proposed CB-EIS IP (through a SAAJ client and a SAAJ
servlet).

6 Conclusion

We believe that the time for implementing large-scale edu-
cational web-service frameworks hasn’t come yet. Thus our
efforts are focused on increasing the use and efficiency of
present, i.e., already developed or currently being developed
systems, more specifically concept-based educational in-
formation systems. We propose to complement their func-
tionality by supporting them to ask external ‘known’ peer-




systems for information, possibly involving information-
providing processing.

We approach the problems related to systems integration
and communication at two levels: a general level, proposing
a powerful service-oriented framework to support efficient
communication between component-based EIS, and a prag-
matic one, illustrating an efficient proof of concept for sup-
porting shareability and exchangeability of system re-
sources, applicable in the context of the current educational
computing advancement. We believe that the proposed con-
strained architecture will contribute to filling the gap be-
tween the current realistic situation and the desired future
educational semantic web. As part of the framework we
have defined a communication ontology consisting of com-
munication content ontology and interaction protocol ontol-
ogy and have embedded the latter within the CB-EIS IP. We
have illustrated the concrete realization of the interaction
protocol ontology within the constrained architecture. This
way, we show how two independent systems can share and
interchange information solely through ontology-based
communication without sharing data stores.

The proposed framework for supporting communication
between applications will eliminate in many cases the need
for exporting the entire application domain model or other
application model to another application. Thus, this will be
an alternative to interchanging and merging domain models.
The advantage is in eliminating duplication of stored infor-
mation, which is unlikely to be often used. In addition, if an
application has a specific concept-based application model
with no corresponding model in the other system, import
will not work and the proposed communication is the only
way for the second system to use information from the first
one. This will also solve problems related to shareability
and reusability for already developed applications that don’t
use standards-based information but rather their own inter-
nal representations.
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