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The present paper examines an approach to automated test units evaluation, based
on preliminarily created ontologies. Each test element is described by metadata,
according to LOM standard. The learners’ results are evaluated by intelligent agents,
using ontologies.

1. Introduction. Knowledge representation and reuse is among the key areas in the
contemporary e-learning techniques. The purpose is to create and use digital libraries,
which not only contain documents, but could be accessed by learners in a customized and
personalized way. E-learning increases productivity in education in that it provides access
to learning materials at any time and at any place. The Internet and the World Wide
Web are part of everyday life of students and teachers at any level all over the world [12].
Incorporating semantic web techniques, namely ontologies, within e-learning systems
has been accepted as a widely used and viable approach [13]. Ontologies have been
applied as a method of knowledge representation, which combines data representation
with relations and concepts, describing the specific domain. One of the most cited
definition defines an ontology as an explicit specification of a conceptualization [8]. The
purposes of ontology application in e-learning environments vary from simple terms and
concepts representation to user personalization and customization in dynamic e-learning
environments [3].

There are four basic different types of ontologies, according to the subject of the
conceptualization, defined by Van Heijst et al. [15]: generic ontologies, domain ontologies,
application ontologies and representation ontologies (meta-ontologies). For the purposes
of the present research domain ontologies were examined as a knowledge description in
the field of information security.

On the other hand, agent technologies have been broadly applied in the field of e-
learning. They have various functions: virtual student advisors, assisting the learners to
successfully organize and perform their studies [4]; to perform specific tasks on behalf
of students, instructors, and other members of the educational community including
parents and alumni [1]; to facilitate the location and customization of appropriate e-
learning resources and to foster collaboration in e-learning environments [7]; to create
animated characters with speaking abilities and many others.

There is a variety of e-learning systems, which contain modules for creation of tools for
automatic monitoring and assessment of learners’ progress. The most common elements
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are tests, which may contain various types of questions: multiple choice, true-false,
matching answers, crossword puzzles, etc. However, in many cases the tests, where the
learner can only select the correct answer(s), do not allow the lecturer to evaluate the real
level of learners’ knowledge. The tests, described above, give the learners the opportunity
to guess the correct answer, and even to cheat in some cases. These drawbacks can be
avoided using the questions, which require answer, completely worked out by the learner.
This answer may contain just a few words, one or two sentences and even a whole
essay, that the learner should input to the system. Most systems require the lecturer to
evaluate such tests manually; nevertheless, many have some abilities to evaluate short
answers, given by the learner, for example alternate answers, regular expressions, etc.
Unfortunately, manual tests evaluation is a difficult and time-consuming task for the
lecturer and systems that adequately provide automated “open” questions evaluation are
still to come. This problem can be solved by creation of tools, which can automatically
evaluate the learners’ answers to the tests, comparing them to a preliminarily created
knowledge database in a specific domain.

The purpose of the present paper is to create an e-learning system, which automati-
cally evaluates a short answer or an essay in a specific topic. The presented methodology
is announced in a previous work [10]. The proposed approach consists of the following
stages: the first one is to represent the knowledge data by OWL domain ontology [11],
and the second one is the agent-based system, which accesses the ontology and evaluates
the user input.

2. Description of the methodology.

2.1. The ontology. The presented methodology uses a domain ontology, which
describes the organization of theoretical concepts and notions in a specific field, namely
information security. There are four different OWL-ontologies, described in [9]: main
security ontology, security views ontology, source code analysis ontology and memory
protection ontology. The first one was examined for the purposes of the class “Information
security” for the Computer science bachelor program in Burgas Free University. This
ontology models the major concepts: assets, threats, vulnerabilities, countermeasures
and their relations. It contains 88 threat classes, 79 asset classes, 133 countermeasure
classes and 34 relations between them. Each term has one or more text descriptions;
one or more categories it belongs to, referred to as superclasses; one or more equivalent
classes, if any; and the relations with other classes, defined as ontology properties. In the
present paper we draw attention to the logical structure of the ontology, as well as the
text definitions of the terms.

2.2. Test units representation. As the purpose of the work is to increase the
automated test assessment ability, using ontology-based approach, the system should
contain a database with test units. In addition, the database should contain data, descri-
bing the test units, which is used during the students’ answers evaluation. LOM (Learning
Object Metadata) [5] is the basic standard for metadata of learning objects. According
to this standard, the metadata are 58 in number and grouped into 9 different groups.
Each group contains specific number of fields, which describe the groups in detail. The
purpose of the metadata is to describe the corresponding learning unit content and the
relationships among the units. For that reason they can serve the purpose of units search
and exchange.

The examined test units are described by metadata, which contain keywords, applied
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for learners’ answers evaluation, using specific search query results from the ontology.
Except the keywords, each test unit can be in possession of metadata, which describe its
difficulty, domain, average time, necessary for its solving, etc. These metadata could be
used for flexible evaluation of the test unit.

The test unit metadata could be defined in the following way:

Test_element([ test_element_id: <test element number>,
key words: <keywords list>,...]).

2.3. Basic elements of the solution realization. The major stage of the pro-
posed methodology is the test evaluation itself. The system input is the learner’s answer
to the “open” test question, which is created by the student themselves. It may contain
one or more sentences, some terms enumerated, or an essay. The system input contains
metadata, describing the expected answer, except the user input. Then the system creates
SPARQL queries with the metadata as their arguments to the ontology, which contains
the domain knowledge. The results contain the relations and concepts, related to the
question keywords. This search could be optimized by maintaining a temporal cache,
containing the results, generated during the search of the last k test units in the knowledge
database. Then, the system should perform an initial search in the cache if there exists
a previously generated result for the specific unit. If so, this result should be used for a
comparison with the learner’s answer, otherwise the ontology should be searched with a
SPARQL query.

The proposed system is based on software agents. The ‘software agent’ is a software
package that supports the programming tasks of other objects autonomously, without
the direct intervention of their author. Its major characteristics are defined: autonomy,
reactivity, and communication abilities. Autonomy is expressed in the agent’s ability to
fully control its actions and state, without external software control. Reactivity is related
to sending and obtaining information from the outer environment and appropriately
reacting in response. All software agents are able to communicate with the other compo-
nents in the system (users, other software agents, or objects), providing them with
decision making information.

Students discuss the agent’s mobility according to the need of visiting different Inter-
net addresses makes mobility an especially significant feature of the software agents. The
feature intelligence has been introduced. Intelligence is the characteristic needed for the
agents’ decision making and independence in interacting with users and/or other agents
in the environment. In Fig. 1 we propose a scheme of the concrete realization of the
system for e-learning evaluation, using Java-agents.

The application’s main interface creates a BasicAgent, which communicates with the
other agents. The information about keywords linked with test element is handled as a
parameter in the newly created mobile agent that is sent to the servers. On every server,
the mobile agent creates a ServerAgent which receives the search information, while the
mobile agent continues its way to the successive server. This initialization happens only
for the first search. For each subsequent search the mobile agent relies on the already
established ServerAgent to activate the search with new parameters (keywords).

Correspondingly, the ServerAgents retrieve all the relevant information and dispatch
it to the BasicAgent that filtrates data and generates evaluation on test element. When
the consumer stop working with the program, then it takes care to remove all agents,
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Fig. 1. Scheme of the proposed realization of the system for e-learning tests evaluation

including the ServerAgents on servers.

The system scans the learner’s answer and performs a search of each sequence of n
words in the ontology. The experiments were conducted with the values of n = 1 and
n = 2. With purpose of comparing the learner’s answer with the results, obtained from
the ontology, the g-gram metrics [6] was applied.

A ¢-gram metrics is a character-based n-gram measure, which calculates the degree
of similarity between two strings. Each ¢-gram is a short substring of length ¢ of the
ontology concepts and relations. The intuition behind the use of ¢g-grams as a foundation
for approximate string processing is that when two strings are within a small edit distance
of each other, then they share a large number of ¢g-grams in common [14].

The g-gram metric could be described as follows: let > be a finite alphabet, and let
3" be the set of all strings over > and Y ¢ be the set of all strings of length ¢ over >
forg=1,2,.... A ¢g-gram is any string v = ajaz...aq in Y q.

The g-gram distance between two strings x and y is defined in the following way:
(1) Dy(z,y) = Y |G(@)l] - Gy)[]l,

vEXY
where G(z)[v] denotes the total number of the occurrences of v in x.

The proposed approach calculates the degree of closeness of the concepts and relations,
retrieved from the ontology, to the preliminarily defined keywords and the data, retrieved
from the learner’s answer. Finally, an average score is calculated, measuring the overall
similarity of the answer to the knowledge database.

3. Results. The described methodology was applied with a purpose to evaluate the
students’ progress in the elective course “Information security” for the students of the
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Computer science bachelor program in Burgas Free University. The obtained results
reveal that the proposed methodology evaluated the students’ answers with 80.76%
accuracy when n = 1 and 84.61% accuracy for n = 2. The number of students in the
class was 26, and for 21 and 22 of them, respectively for n = 1 and n = 2, the evaluation
was correct and showed no significant deviation from the manual evaluation, performed
by the lecturer. This approach should be developed and improved further in order to
achieve better evaluation accuracy.

4. Conclusion and future work. Various methods for comparison of the student’s
answer to the knowledge, represented in the ontology, could be applied and the obtained
results could be compared to those, achieved by the methodology described above. As
a result, an automated or semi-automated tool for students’ answers evaluation will be
obtained which reduces the lecturer’s time and efforts and decreases the possibilities of
any partiality in the students’ results evaluation.

The electronic and Web-based assessments are novel types of learners’ result evalu-
ation, which can give an account of the learners’ individual progress. They hold out
some possibilities of automated result calculation, as well as data storage and analysis.
The young people’s interest to the new technologies, their curiosity and communication
abilities could successfully be used in the process of their education.
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EAVNMH MHTEJIMTEHTEH I10/IXO/1 3A OIIEHABAHE HA
PE3VJITATUTE OT EJIEKTPOHHU TECTOBE

Mannena A. OposoBa, Becesmnua I'. 2KeueBa

IIpencraBen e moaxos 3a aBTOMATUYHO OIEHsSIBaHE Ha TECTOBH €IMHUIM Ha Oa3aTta Ha
[IpeJIBAPUTENIHO CbeTaBeHu oHTosioruu. C BCEKM TECTOB €JIEMEHT Ca CBbP3aHU MeTa-
JIAHHU B CbOTBETCTBHE Che cTanmapra LOM. Pesynrarure Ha 06y1aeMuTe ce OIeHsIBAT
OT MHTEJUTeHTHU areHTH, U3IIOJI3BaiKl OHTOJIOTUN.
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