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Abstract

The learner’s positioning with respect to a curriculum is of a great importance to the life-long learning (an informal learner needs to 
achieve a certain level of competency) as well as to the mobility learning (a student spending a semester in another university). In both 
cases it is necessary to determine learner’s prior knowledge. Thus, he might profit in an optimal way from the consequent learning
process. The learner’s positioning requires grading of pre-course questionnaires by a tutor. This grading is tedious and time-consuming
work. In this paper we present the first implementation of a knowledge-rich method for supporting the tutor in the positioning task. Our 
method exploits the potential of the semantic annotation with regard to the curriculum and the learner’s questionnaire answers. The 
annotation of the curriculum provides the level of the competence to be covered in the course, while the annotation of the questionnaire
answers provides evidence for the learner competence per se. The final judgment is assigned to the tutor. The presented method might 
be well used also for the learner’s self-positioning with slight modifications only.

1. Introduction

Learner’s positioning, on the one hand, has proved to be a 
very important step in the learning process, and on the 
other hand, to be a very difficult task. It has been often 
considered in the context of the self-positioning (Ross 
2006) or the context of various groups of practices (Braun 
and Schmidt 2008). The central role in the positioning 
task plays the tutor, since there has not been invented yet a 
completely automatic way, which to be 100 % successful
and reliable.
Hence, our aim is to support the tutor in his judgments 
when positioning the learners. We assume that the tutor is 
inspecting a set of learner’s answers to a questionnaire. 
The questionnaire would reflect the required knowledge 
that has to be covered by the learner. The actual 
positioning is with respect to a curriculum, which presents
the following aspects: the knowledge-oriented
requirements for a learner, a set of learning materials to 
support him during the learning process, and links to 
people who might help him with the learning topics. Thus, 
the questionnaire is designed on the base of the 
curriculum. The positioning in these settings is viewed as 
a set of recommendations from the tutor to the learner 
which directs the learner within the curriculum, i.e. which 
materials to study, which people to contact, etc.
Our method relies on the comparison among the 
curriculum and the related learner’s answers, both 
semantically annotated. This comparison highlights the 
learner abilities to express the necessary concepts in the 
answers of the questions from the questionnaire. The tutor 
can use the results from the comparison to balance his 
judgments individually for each learner and collectively, 
as a group. This method has also the advantage that some
conceptual or terminological gaps/inconsistencies might 
also be discovered in the curriculum itself.
The structure of the paper is as follows: Section 2 
concentrates on the various aspects of the knowledge rich 
method. Section 3 overviews the design of the curriculum 
and the questionnaire answers as well as their interaction. 

Section 4 describes the semantic annotation of the 
curricula and answers. Section 5 outlines some 
preliminary evaluation of the method. Section 6 presents 
the further extensions over the semantic annotation. 
Section 7 concludes the paper.

2. The Knowledge-Rich Approach
In our work on the positioning of the learner with the help 
of the knowledge rich approach1 we rely on the ideas 
reported in (Kalz et al. 2007). They discuss the notion of 
the learning network. According to it, learner’s 
competence can be automatically compared to a set of 
concept evidences of the target competence. Our goal is to 
achieve an ontology-based positioning where the learner 
competence is represented by a learner’s competence 
ontology and curriculum competence ontology. However, 
reliable competence ontologies are still missing. Thus, in 
our work we rely on domain ontologies, which are 
supposed to reflect the knowledge part of the learner’s 
competence. The ontological analyses of the learner’s 
portfolio (mainly tests and CVs) and the textual 
description of the relevant curriculum might be 
considered an approximation of the learner’s (per se)
competence against the curriculum (required) competence. 
Thus we consider the learning network a set of different 
resources including tutors, experts, learning materials and 
learners, whose connections are mediated by ontologies. 
The positioning of a learner within the learning network is 
identical to the task of creating a learning path for each
learner within the established network. 
Our method facilitates the tutor in positioning task by 
analyzing some of the textual elements of the network.  
Thus, the knowledge rich methods rely on the analysis of 
the text by using knowledge sources, external to this text, 
such as ontologies, lexicons, grammars. These sources are 
used to achieve a semantically rich text analysis which to 
explicate the conceptual content of the learner’s answers 

                                                          
1 We call the method knowledge rich because it requires an 
appropriate ontology to represent the conceptual knowledge to 
be explicated in the curriculum and learner’s answers.



to the questionnaire. The main steps in the text analysis 
that we envisage as necessary in order to support the 
problem in reliable way, are: (1) grammar-based semantic 
annotation with concepts from an ontology, (2) discourse 
segmentation; (3) lexical chains creation to support the
disambiguation of concept annotation from (1) and 
concept distribution within the text; and (4) sentiment 
analysis for evaluation of the concept usage in the text. 
The combination of all these analyses should explicate in 
the best way the conceptual content of the curriculum and 
the learner texts, which to be used for the positioning.
Our first implementation of the positioning service 
realizes completely only point (1) and sketches initially a 
version of the other processing tasks. Therefore, in the 
rest of this section we will concentrate on analysis (1), 
namely grammar-based semantic annotation with 
concepts from an ontology. The reason is that this analysis 
has already been completely performed and preliminary 
evaluated in a designed learning-based setting. The other 
steps are discussed as further extensions to the task design
in Section 6.
As mentioned above, the knowledge rich approaches are 
usually connected with the availability and the usage of
knowledge rich databases, such as ontologies and 
lexicons. The ontologies reflect the conceptualizations in 
some domain of interest – for example, DAML ontology 
library, SWOOGLE, LT4eL ontology, etc. These 
ontologies have to be connected to an upper ontology in 
order to cover in a better way the general knowledge – for 
example, DOLCE, SUMO, SIMPLE Core Ontology. The 
most famous knowledge rich lexicons are the so-called 
wordnets (WordNet, EuroWordNet, BalkaNet, SIMPLE). 
Such resources are exploited for the semantic annotation 
of documents and/or for semantic retrieval. 
Within LT4eL project an ontology-to-text relation was 
defined, which approaches the interaction among 
conceptualizations and terms (Simov and Osenova 2007; 
Simov and Osenova 2008). For clarity, this relation is 
briefly presented here. We assume that the ontology is the 
repository of the lexical meaning of the language. Thus, 
we start with a concept in the ontology and we search for 
lexical items and non-lexical phrases that convey the 
content of the concept. There are two possible problems: 
(1) there is no lexical item for some of the concepts in the 
ontology, and (2) there are lexical items in the language 
without a concept representing the meaning of the lexical 
item in the ontology. The first problem is overcome by 
allowing in the lexicon also non-lexical phrases to be 
represented. The second problem is solved by extension 
of the ontology. The lexicon items are then mapped to 
grammars. We call them concept annotation grammars. 
These grammars relate the lexicon to the text. Such a 
mapping is necessary as much as lexical items and 
phrases from the lexicons allow for multiple realizations 
in the text. Thus, they require some additional linguistic 
knowledge in order to disambiguate between different 
meanings of some lexical item or phrase. 
We have been using the relations between the different 
elements for the task of ontology-based search. The 

connection from ontology via lexicon to grammars is also
relied on for the semantic (concept) annotation of the text. 
In this way, we established a connection between the 
ontology and the texts. The relation between the lexicon 
and the ontology is used for defining user queries with 
respect to the appropriate segments within the documents.
In a more general setting, these relations can be extended 
to cover the overall learning network. For example, the
annotation of a document with concepts connects it to the 
ontology, which with the help of the lexicon and the 
grammar connects it to other documents. Similarly, it is 
possible to annotate other resources, such as images, web 
sites, people profiles, etc.

3. Design of the curriculum and the related 
questionnaires

As it was mentioned above, we assume that a curriculum
consists of set of topics providing the content of a course 
or a set of courses. Each topic is then associated with a set 
of learning materials – lectures, tests, descriptions of 
expected answers, etc.
The learner needs to acquire at least two kinds of 
knowledge studying the curriculum: the content 
knowledge and the skills necessary to apply the content 
knowledge in a community of practise. Here we focus on 
the content knowledge.
The questionnaire, on the other hand, consists of 
questions of various types, which check the learner’s 
status with respect to the curriculum topics. They might 
reflect more surface as well as more profound aspects of 
the topics.
However, as a first practical approximation we decided to 
exploit a set, which more or less amalgamates both 
perspectives – curriculum plus questionnaire, but at the 
same time is being used in real job seeking situations. As 
our design setting we used a sample of 10 topic questions, 
provided by BitMedia within the LTfLL project. The 
topics are in the IT area. Each question suggested a more 
surface background when asking about types of things. It 
also further asked about functions and properties. Some 
examples are in order: Explain the meaning of the concept 
RAM and describe its properties; Name as many PC ports 
as you can and give some examples. These topic questions 
have been equipped with a set of required example 
answers. Since the set was provided in German, 
translation was performed into English and Bulgarian. 
Thus, only the real answers had to be gathered. This part 
of the setting is described in Section 5.
On the base of this concrete curriculum, we identified the 
following types of questions: (1) content questions which 
require answers; (2) skill questions which highlight the 
learner’s abilities to apply the knowledge in practice; (3) 
personal questions which demonstrate learner’s abilities 
to communicate within a group, etc. Our primary goal is 
to cover evaluation of questions of the first kind.

4. Semantic annotation
In this section the annotation of the curriculum and 
questionnaire answers will be presented.



The semantic annotation of a curriculum includes two
steps. First, all the learning materials related to the 
curriculum, are annotated automatically with concepts 
from the domain ontology. Then, the tutor (or the teaching 
administrator responsible for the curriculum) creates a set 
of queries to reflect the content knowledge of the 
curriculum. Each question is also annotated with 
appropriate concepts to reflect this content knowledge. A 
comparison is made whether the coverage of the questions 
meets the requirements within the curriculum.
It is worth mentioning that other questions concerning the 
skills of the learner might be additionally provided within 
the question set, but they are not necessarily annotated 
with concepts from the ontology, and their answers have 
to be evaluated in a different way.
During the creation of the questions, the tutor has at his 
disposal the ontology and the semantic annotation of the 
learning materials. Then the questions are also 
automatically annotated and the mappings are again
presented to the tutor. To sum up, our approach 
demonstrates the usage of automatic procedures, which 
alternate with the tutor’s intervention, when required.
In our practical setting, the questions, related to the 
curriculum, were given in advance. Thus, we only 
provided the automatic annotation of the questions 
themselves and the example answers. The question 
annotation was additionally edited by experts in the area 
of IT.
The following example demonstrates the questions in 
BitMedia questionnaire with the list of the assigned 
concepts. The learner’s answers to the questions were 
annotated with concepts automatically by the semantic 
annotation module, described above. In our setting this 
step was performed exactly in this way. Here is one 
example of a query:

Name some of the technical specifications of 
different kinds of monitors. 

The following is a list of concepts, selected as annotations
for this question by an expert:

CRT monitor, display, contrast, frame rate, 
graphical elements, image, LCD monitor,
monitor, picture, pixel, ratio, refresh rate, 
rendering, resolution, screen, size, VGA

This list of concepts demonstrates that the tutor could 
include not only concepts that are directly answers to the 
question, but also related concepts which are necessary in 
order to ensure that the learner uses the concepts related to 
the answers within the proper context. The above list also 
demonstrates the case in which concepts and 
sub-concepts are also included in the list because they 
define slightly different contexts of usage.
The next example shows the annotation of the learner’s 
answers. The annotation is done within the text of the 
answer. Then the concepts from this annotation are 
compared to the concepts from the question annotation 
and three lists of concepts are created: (1) list of common 
concepts – the concepts that demonstrate how well the 
learner competence matches the required competence; (2) 
list of missing concepts – these concepts determine what 

is not covered by the learner competence and they can be 
used to suggest further learning activities; (3) list of 
additional concepts – these concepts could demonstrate 
some wrong understanding of the topic by the learner or 
gaps in the curriculum (topics or semantic annotation).
In the context of the above example a learner responded
with the following answer:

Output device, monitor, display devices of a 
PC; there are two types: Monitors with 
cathode ray tube (CRT) - heavy, need more 
power, occupy more space; Flat panel 
displays - light, need less power, and occupy 
less space.

The terms in the text recognized as related to concepts in 
the ontology are highlighted. The three lists are as 
follows:
Common concepts:

CRT monitor, display, monitor
Missing concepts:

contrast, frame rate, graphical elements, 
image, LCD monitor, picture, pixel, ratio, 
refresh rate, rendering, resolution, screen, size, 
VGA

Additional concepts:
types, devices, Output device, PC, power, 
space

The concepts in the first two lists are lexicalized on the 
base of the lexicon, mapped to the ontology. The concepts 
in the last list are represented with the terms used by the 
learner. This helps the learner and the tutor to identify the 
usage context of these concepts. As it was mentioned 
above, the usage of additional concepts is not always an 
evidence of wrong knowledge, but could be a good 
feedback to both - the learners and the tutors. The 
expression output device in the above example might be 
considered as a good concept to be included in the 
annotation of the query.

5. Evaluation
Having the semantic annotation of the curriculum and the 
learner’s answers, the service calculates several lists of 
concepts, as it was reported in the previous section. The 
real evaluation within the learning network of BitMedia is 
under implementation. Here we report on a small scale 
evaluation, run by us in order to have some first evidences 
for the usefulness of the service and to acquire some ideas 
about the future development of the service.
The concept evidence of the learner’s competence can be 
automatically compared to a set of concept evidences of 
the target competence (learning network in the terms of 
(Kalz et al. 2007)). Those are selected, which are not 
covered by the current learner’s competence. For the 
comparison of the concept evidences we use the standard 
vector metrics from Information Retrieval community. 
The automatic evaluation was constructed as a ration of 
the list of the common concepts with the list of concepts 
from the annotation of the query.
In order to do evaluation of the automatic method, the 10 
questions were given to Bulgarian students in IT area. We 



gathered more than 10 answers per topic at average. Then, 
the same answers were given to two tutors in IT area to 
grade them. First, we compared the concepts, presented in 
the answers, to those, required in the descriptions. Then, 
we compared the automatic grading to the tutors’ one. The 
results are as follows: there is a big mismatch between the 
descriptions and the answers due to short students’ 
productions or avoidance of certain concepts. On the 
other hand, tutors’ grading was different. It accounted 
certain aspects (such as detailed description of 
characteristics of the main concepts to be covered by 
learner’s answers), but not others (such as the 
presence/absence or distribution of concepts). The last 
point reflects the fact that in a verbose answer it is 
relatively easy to overestimate the learner’s knowledge –
especially under time pressure.
Thus, the preliminary evaluation showed that: pure 
automatic comparison might underestimate learner’s 
knowledge; pure tutor grading also skips some aspects of 
learner’s knowledge while putting more weight to others. 
The conclusion is that the best way is for the tutor to have
at disposal the intersection list of concepts from 
curriculum and learners’ answers in order to present the 
final judgement with respect to learners’ status and future 
learning materials. The tutor has the concepts from the 
curriculum, which were mentioned in the answers as well 
as the list of ones not mentioned.
However, in the long run we aim at a more profiled 
concept evidence, which would be possible when the 
extensions to the semantic annotation are added (see the 
discussion in the next section). In such a case the learner’s 
competence would be set of concept descriptions 
extracted from the answer. For the moment we envisage to 
extend the classification of the concepts from three lists to 
five. We will divide the set of concepts in the following 
subsets: (1) known concepts; (2) partially known concepts; 
(3) unknown concepts; (4) concepts with contradictory 
usages; and (5) additional concepts. The first subset will 
contain all the concepts which are evaluated as known in 
the answer. The second subset will contain concepts that 
are mentioned in the answer, but there is no enough 
evidence about the level of knowledge of the learner with 
respect to them. The third subset will contain concepts 
that are definitely mentioned as unknown by the learner. 
In the fourth subset we will include the concepts for which 
there are positive and negative evidences about the 
knowledge of the learner. The last set is the same as the 
described above. It can influence the other groups with its 
relevance or irrelevance. In addition to the extracted 
concepts, we will extract links to the occurrences of the 
concepts in the text.  

6. Extensions to the semantic annotation
For better semantic annotation and its usage in positioning,
we consider also additional context-oriented information: 
co-referential relation annotation, annotation of general 
lexica and sentiment analysis of the concept usage in the 
text.
The relation between concept annotation and 

co-references has been approached from various 
perspectives. For example, (Lech and de Smedt 2006) and 
(Nikolov et. al 2009), among others, exploit the semantic 
features from ontology in order to improve the 
co-reference chaining; (Kawazoe et al. 2003) designed a 
software that helps experts in biomedical domain to create 
ontologies and annotate texts with co-references. In our 
task, we exploited these papers (together with the work on 
anaphora and co-reference annotation in general) in the 
annotation of the corpus. In our future work, we will apply 
their approaches for the implementation of a new version 
of our ontology-to-text relation.
One of the reasons for the underestimation of the learner 
answers by the automatic method is due to the fact that the 
concept annotation requires very exact answers which 
sometimes are not present among learners’ answers. The 
learners use freer style of expressing their knowledge. 
Thus, they rely on similar concepts to the ones in the 
curriculum annotation – such as, more general or sibling 
concepts, etc. In order to handle this problem, we 
envisage extending the annotation from domain concepts 
via domain terms to general concepts via general lexica. 
As it was mentioned in the goal of classifying concepts 
used by the learner, we would like to evaluate the level of 
knowledge of the used concept. To do this, we will exploit 
a version of the sentiment analysis. In our case, the 
sentiment analysis determines the attitude of the learner to 
the concepts explicated within the answers. As a starting 
point for developing of the sentiment analysis, we 
consider the work reported within (Moilanen and Pulman 
2007) and (Liu 2008). It is often underlined that adding 
knowledge rich features improves the results in sentiment 
analysis. For example – (Moilanen and Pulman 2007), 
(Kennedy and Inkpen 2006), (Kim and Hovy 2006). The 
input for this module will be the results from the previous 
modules.
In order to construct a concept evidence of the learner’s 
competence, we first need to extract the concepts which 
are mentioned within the answers text. Then, on the base 
of the ontological reasoning, the implied concepts will be 
added. For example, if the answer’s holder says that 
he/she is used to giving injections2, this automatically 
means: on more general level, that he/she can intervene in 
order to improve the situation, and, on more specific level, 
that he/she can put liquid under the skin by using a syringe. 
We also need to know in what context each of the 
concepts in the text was mentioned by the learner. For 
example, if the learner stated two opposite fact: it is easy 
to give an intradermal injection, but it is difficult to give 
an intramuscular one. From this short context a 
conclusion can be drawn that the learner is not 
experienced in giving injections as a whole. Thus, 
comparing conceptual information and discourse relations
about the context, each mentioning of a concept will be 
evaluated by one of the values: ‘well known’, ‘known’, 
and ‘unknown’. We will use the methods developed in the 
areas of sentiment and opinion analysis. As it was already 
                                                          
2 The examples in this section are from a preliminary work in 
the medical domain.



mentioned, a pre-defined requirement list of necessary 
concepts with definitions will be used in order to estimate 
the degree of competence, delivered by the learner in the 
portfolio. There will be three types of evaluation: 
coverage, degree of detailness and relevance. The 
coverage will be estimated over the number of the 
mentioned relevant concepts that match the pre-defined 
list. The degree of detailness will be evaluated over the 
depth of the conceptual space. And the relevance will be 
estimated via the ontological relations from a given 
concept to the other co-occuring concepts within the 
discourse segment.

7. Conclusions
In this paper we presented a knowledge-rich method for 
supporting the tutor in his positioning task. We presented 
a preliminary evaluation setting, which showed: the 
potential of the domain ontologies in the semantic 
annotation within the life-long learning context; the role 
of the tutor in the same context; and the natural ways for 
further extension of the annotation, which aims at a more 
precise and wider eliciting of learner’s knowledge 
evidences.
The result of the service will be used further to compare 
the concept evidence of the learner’s competence with the 
learner network. The comparisons will use a vector 
representation of concept evidence of the learner’s 
competence and concept evidence of the target 
competence. The vector for the target competence will be 
fixed within the learner network. The vector for learner’s 
competence will be created by the assessor on the basis of 
the above sets of concepts. Our goal is not just to calculate 
these sets of concepts, but also to use them for giving 
feedback to the learner and thus achieving better results in 
the learning activities. This kind of feedback will be even 
more useful when the approach is used for 
self-positioning of the learner.
Knowledge rich approach requires some initial effort to 
prepare the necessary resources in order to achieve the 
goals of positioning of the learner. In our view (also 
discussed and shared by other colleagues from the LTfLL 
project – especially Christoph Mauerhofer from 
Bitmedia), the effort invested at the beginning will pay off 
during a long and wide exploitation. This could be true in 
cases of introducing new products of big software 
companies, where the company itself has the interest to 
construct appropriate resources (ontologies, lexicons, 
curriculum, tests, etc). The advantages of the knowledge 
rich approach are: the exactness of the evidences of the 
learner competency, the links to the learning materials and 
the definition of learning paths. Another advantage of the 
approach is multilinguality – the curriculum and its
annotation could be prepared in one language, but it might
be reused with little additional effort in many other 
languages for the learners who do not know the original 
language of the curriculum.
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