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Abstract. In this paper we present an e-librarian service which is able
to retrieve multimedia resources from a knowledge base in a more efficient
way than by browsing through an index or by using a simple keyword
search. Our premise is that more pertinent results would be retrieved if
the e-librarian service had a semantic search engine which understood
the sense of the user’s query. This requires that the user must be given
the means to enter semantics. We explored the approach to allow the user
to formulate a complete question in natural language. The background
theory was implemented in two different prototypes.

1 Introduction

Our vision is to create an e-librarian service which is able to retrieve multimedia
resources from a knowledge base in a more efficient way than by browsing through
an index or by using a simple keyword search. Our premise is that more pertinent
results would be retrieved if the e-librarian service had a semantic search engine
which understood the sense of the user’s query. This requires that the user
must be given the means to enter semantics. We explored the approach to allow
the user to formulate a complete question in natural langauge (NL). Linguistic
relations within the user’s NL question and a given context, i.e. an ontology,
are used to extract precise semantics and to generate a semantic query. The e-
librarian service does not return the answer to the user’s question, but it retrieves
the most pertinent document(s) in which the user finds the answer to her/his
question.

In section 2 we give a brief overview of the technical background of the e-
librarian service. In section 3 we present the two prototypes. We conclude with
some (dis)advantages and some future work in section 4.

2 Technical Background

Our e-librarian service is an ontology driven expert system about a given domain
(e.g. computer history, fractions in mathematics). It is composed of a domain
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language and a concept taxonomy. As an illustration, in the concept taxonomy
for our prototype CHESt (section 3), a document describing the transistor would
be placed in the concept ”EComponent” (electronic component), which is a
hyponym of ”Hardware”. On the one hand, the more detailed the taxonomy is,
the more exact the system can classify the documents. On the other hand, a
very detailed taxonomy reduces the tolerance for the user question, so that it
must be very well and precisely formulated.

The user can enter his question in natural language (NL), which is then
translated into an unambiguous logical form w.r.t. a given ontology. This step
is called non-standard inference [5]. Therefor, the expert system is able to find
implicit consequences of its explicitly represented knowledge. This means that
the content of a document is only of minor importance, but the meaning of
the clip as a whole has to be machine readable. The meaning of each clip is
described by additional data — called metadata — that are encoded using a
specific ontology framework. We use the W3C recommendation Web Ontology
Language, Description Logics (OWL DL) (http://www.w3.org/2004/OWL/) to
describe all documents (resources) with metadata. We published in [6] how DL
can be used in our e-librarian service, where the concept taxonomy of the ontol-
ogy is translated into an acyclic ALC-concept description. The language ALC
[10] is sufficiently expressive for our purposes. It is in fact a subset of the logics
implemented in most ”state of the art” DL reasoners; we use Pellet [11]. The
returned results are logical consequences of the inference rather than of keyword
matchings.

In our e-librarian service, the retrieval itself is a simple extension of the
semantic interpretation of the user question. In fact, a given semantic inter-
pretation is used to generate a semantic query, and to logically infer over the
knowledge base. A semantic query over a knowledge base K w.r.t. a domain
ontology H, and a query in an ALC terminology means that there must exist
at least one model I of K such (Rq)I 6= ∅, written K |= Rq. As illustration, lets
suppose the NL user question q = ”Who invented the transistor?”. Below is the
according ALC query expression w.r.t. the CHESt ontology and the variable y,
which is the missing part, and which should be the result of the query.

KCHESt |= Rq = EComponent(x) ∧ hasT itle(x, ”transistor”)
∧ hasInventor(x, y?) ∧ Inventor(y?)

3 Implementation

The background theory for our e-librarian service was implemented prototypi-
cally in two different educational tools. The multimedia documents (clips) were
recorded with tele-TASK (http://www.tele-task.de). A first prototype is CHESt
(Computer History Expert System), an e-learning tool where the user can freely
formulate his question in NL (http://www.linckels.lu/chest). CHESt under-
stands the user’s question and returns a precise and short answer in multimedia
form. The tool has a knowledge base with 300 multimedia clips that cover the
main events in computer history. The result of experiments were published in
[7].
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Fig. 1. CHESt with a semantic search and the question: ”Who invented the transis-
tor?”.

A second prototype of our e-librarian service is MatES (Mathematic Expert
System), which explores a slightly different pedagogical approach. The knowl-
edge base covers the topic of fractions in mathematics taught in schools (7th

grade). All clips were recorded, mainly by pupils, w.r.t. the official school pro-
gramme. The tool has a knowledge base with 115 multimedia clips that cover
all questions about fractions for this level.

4 Conclusion

Experiments [7] confirmed that our background theory for an e-librarian service
can be implemented in an educational tool. Such a tool can be used as a com-
plement to traditional courses. The presentation of the knowledge in the form
of short multimedia clips, and the fast response time of the search engine were
strongly appreciated by the students. But we learned that our semantic search
mechanism can be improved in several ways, e.g. all queries are built ”bottom
up”, without consideration of neither former queries, nor queries from other



4

users. A collaborative information retrieval approach like the one proposed by
[4], or the study by [12], seem interesting solutions to explore.

We understood that it is not an easy task to use search engines as a didac-
tical tool in schools. Firstly, in a free discussion with the students, the problem
was often mentioned that the topic (e.g. computer history) was too complicated.
Users need training and domain knowledge before they are able to successfully
use search engines for that topic. Secondly, when using search engines, the stu-
dents are relatively free to act as they like, which is quite unusual for most.
As confirmed by [1, 8, 3, 9, 2], users need guidance in how to formulate effective
queries even if they are free to formulate their question in NL.
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