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Abstract 
 

In this paper, we propose the use of Semantic Web 
technologies to bridge the gap between authoring sys-
tems and authors. The core part of our solution is the 
ontology-based framework that captures the informa-
tion about the interaction between learning objects 
(LOs) and four main roles in the educational process 
(content author, instructional designer, teacher, and 
learner), and then according to this information pro-
poses the most relevant learning content to the author. 
The central part of the framework is the Request-
Recommendation ontology that formalizes the author’s 
request along with a set of learning content proposals 
(recommendation), as a response to that request. Fur-
thermore, we propose the use of a weighting scheme to 
calculate the weight of the content proposals and thus 
enable their ranking within the recommendation. 
 

1. Introduction 
 

Over the past few years, we have witnessed an in-
creasing need to reuse learning content. Even though 
the IEEE LOM [1] standard was undertaken by the e-
learning community to facilitate finding and reuse of 
relevant learning objects (LOs), decisions about reuse 
require a broader set of information than can be ex-
pressed by the IEEE LOM’s metadata fields [6]. Most 
of such metadata is actually collected during the life-
cycle of a LO by observing the interaction of users 
with the LO. The ecological approach addresses some 
of these problems by introducing the notion of the 
Pragmatic Web [2]. It proposes that each time a user 
interacts with a LO, his/her user model is attached to 
the LO and can later be analyzed through data-mining 
techniques. Although this approach introduces a rather 
useful solution, there are still many aspects that need to 
be addressed. From the analyses of the current state of 
the art of the AIED research [11], it appears that there 
is a deep conceptual gap between authoring systems 
and authors. The authoring tools are neither intelligent 
nor a user-friendly as they could be. Currently, a con-
siderable amount of the research on intelligent systems 

moves towards concepts and ontologies [8] and fo-
cuses on knowledge sharing and reusability.  

In this paper, we analyze how ontologies can be 
employed to capture the information about interactions 
of users (e.g., authors, instructional designers, teach-
ers, and learners) with LOs and their parts. On top of 
such ontologies, we develop a weighting scheme [9], 
as a foundation of a recommender system that assists 
content authors in reusing relevant learning content. 
We base our solution on a Learning Object Repository 
(LOM) where LOs are stored by using the ALOCoM 
Content Structure (CS) ontology [4] (see section 2 for 
more details). We identify a process of selection of the 
most relevant Content Units (CU – a root class of 
ALOCoM CS) from a retrieved set of CUs as crucial 
and decisive for composing a new learning material. In 
order to enable a more meaningful selection, that is, 
the selection which corresponds well to the author’s 
desires and needs, each CU from the retrieved set of 
contents, needs to be supplemented with the additional 
sets of information. These sets are formed by informa-
tion extracted from the metadata about users’ interac-
tion with CU, and are represented in the form of user 
feedback. The CU along with users’ feedback defines a 
CU-proposal. Thus, instead of a set of CUs, we now 
have a set of CU-proposals, as a recommendation that 
is used to guide the author through the ongoing author-
ing process. Each feedback has a weight, which is cal-
culated by applying an appropriate weighting scheme. 
Based on these weights we then calculate the CU-
proposal weight, which is used to rank proposals 
within the recommendation. We call this authoring 
assisted by recommendation. The ontology framework 
that facilitates such authoring is composed of the 
ALOCoM CS and the ALOCoM Content Type (CT) 
ontologies [4], the Author-Learning Content Interac-
tion (ALCI) ontology [5][7], and the Request-
Recommendation (R-R) ontology. The R-R ontology is 
a core part of the framework, thus the primary focus of 
the paper. We have developed this ontology to formal-
ize concepts related to the author’s request and to the 
generation of the appropriate recommendation. 
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2. Background  
 

In this section, we give a brief overview of the on-
tologies that we have adopted to be part of our frame-
work. The basic understanding of their main concepts 
is necessary for the rest of this paper. 

The ALOCoM CS ontology  [4] defines a number of 
concepts for different types of content units that form 
the structure of a LO. It distinguishes between three 
types of CUs: 
• Content fragments (CFs) represent atomic learning 

content elements. They can be regarded as raw 
digital resources and specialized into discrete (e.g., 
graphic, text, and image) and continuous (e.g., 
audio, video, and simulation) resources. 

• Content objects (COs) aggregate content fragments 
and add navigation. A content object (e.g., title and 
paragraph) can also include other content objects. 

• Learning objects (LOs) aggregate content objects 
around a single learning objective. Examples of LOs 
are a slide presentation or a text document.  
The ALOCoM Content Type [4][6] ontology defines 

the educational role of LOs and their components. This 
ontology is also rooted in the CU concept and its sub-
concepts (i.e., LO, CO, and CF). However, these con-
cepts are now regarded from the perspective of educa-
tional/instructional roles they might assume. Therefore, 
concepts like Definition, Example, Exercise, Reference 
are introduced as subclasses of the CO class, whereas 
concepts such as Tutorial, Lesson, Test are some of the 
subclasses of the LO class. 

The ALCI ontology [5][7] formalizes possible as-
pects of the author-learning content interaction and 
gives a formal representation of changes in a CU struc-
tured by ALOCoM CS. The central class in this ontol-
ogy is the Action class, which has references to in-
stances of the Author, ContentUnit and GeneralInfo 
classes. The instances of these classes keep track of 
information about the author who performs the action, 
information about the CU that is modified, and a set of 
general information like action-type, action-duration, 
and tools that are used during the action. Besides the 
Action class, another important class is a CUChange 
class. This class, along with its subclasses (LOChange, 
COChange, and CFChange) is used to represent for-
mally changes made to the CU. On top of this ontol-
ogy, we have developed the framework [3], which 
generates, collects and merges the ALCI ontology-
aware metadata. This metadata ensures that the history 
and traceability of the CU is not lost, and it may serve 
as a source of important information for the author 
during the authoring process.  

We have used these ontologies as a starting point to 
build our framework. In the next section, we explain 

the authoring process based on this framework. We 
call it authoring assisted by recommendation. 
 

3. Authoring Assisted by Recommendation 
 

As its name suggests, the main concept in this kind 
of authoring is the concept of recommendation. We 
define the recommendation as a set of CU-proposals 
formed based on the CUs retrieved by the search en-
gine. Each CU-proposal refers to a particular CU and 
has a set of information, which describes that CU.  The 
accuracy and the quality of information in the CU-
proposal, directly determines quality and usability of 
the recommendation. Since this information is ex-
tracted from available metadata related to the CU, the 
first and the most important prerequisite for creating a 
good recommendation is a broad and well-defined set 
of metadata sources. So far, we have identified the 
interaction of the four main roles in the educational 
process (i.e., content author, instructional designer 
(ID), teacher, and learner) with CUs as main sources. 
The information extracted from these metadata sources 
are represented in the form of user feedback: ALCI-
feedback, teacher-feedback, ID-feedback, and learner-
feedback.  In this stage of our work, we only have 
ALCI-feedback available as a result of our previous 
work [5], and we primarily focus on it. However, our 
approach is general enough to incorporate easily the 
other three sources once they become available, as well 
as the new sources that may be determined as relevant 
in the future. Applying our ideas, we have developed 
an authoring framework, which divides the authoring 
process in three phases: 
1. Specification of the author’s request; 
2. Generation of the recommendation;  
3. Learning content composition assisted by the gen-

erated recommendation. 
During phase 1, the framework acquires informa-

tion from the author (e.g., domain of interest, topic of 
interest, and author’s profile information) and then 
specifies the request. In phase 2, based on the request, 
it searches the LOR, queries available metadata, and 
forms a recommendation as a set of CU-proposals. 
Authoring tools process the recommendation during 
phase 3, and guide the author through the authoring 
process by showing her/him the information kept in 
CUs’ proposals on demand. The framework also sup-
ports ranking of CU-proposals within the recommen-
dation. 
 

4. Request-Recommendation Ontology 
 

In this section, we describe the Request-
Recommendation (R-R) ontology that we have devel-
oped to formalize possible aspects, which appear 
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within the first two phases of the authoring process. 
The outcome of these two phases is an instance of the 
R-R ontology, which is then used in phase 3 by the 
content composition and creation tools to help the au-
thor decide which CU to reuse. The R-R ontology is an 
OWL ontology developed by Protégé and it is avail-
able at [7]. Figure 1 gives the graphical representation 
of the R-R ontology in a form of a Resource Descrip-
tion Framework (RDF) graph. The authoring assisted 
by the recommendation starts with the specification of 
the author’s request, which is formalized by the Re-
quest class in the R-R ontology. This class has three 
data type properties: hasDomain, hasTopic, and re-
commendationLevel whose values are inserted by the 
author’s choice of the appropriate domain of interest, 
the particular topic within that domain, and the level of 
recommendation. Furthermore, it has also property 
hasAuthor, which keeps a reference to the instance of 
the Author class. The Author class is a subclass of the 
User class from the TANGRAM [6] User Model (UM) 
ontology, which we have adopted to represent formally 
relevant information about the author. From the stand-
point of our work, the most important feature of this 
ontology is that each instance of the User class has a 
set of references to so-called similar users. In our case, 
similar users are the authors who are interested in simi-
lar topics. When the request is specified, we use it to 
generate an appropriate recommendation. Following 
the three types of CUs defined in the ALOCoM CS 
ontology, we distinguish between the three levels of 
recommendation: low (corresponds to LO), medium 
(CO), and high (CF). These levels simultaneously de-
termine the existence of three types of recommenda-
tion: low-level recommendation, medium-level recom-
mendation, and high-level recommendation, which are 
represented in the ontology by the 
LL_Recommendation, ML_Recommendation, and 
HL_Recommendation classes. The Recommendation 
class is a super-class of these three classes.  

The key concept in the R-R ontology is the CU-
proposal concept, which is represented by the 
CU_proposal class. This class is a parent class of the 
LO_proposal, CO_proposal, and CF_proposal classes. 
These three classes hold references to the correspond-
ing instance of the ALOCoM LearningObject, Conten-
tObject, and ContentFragment classes, respectively. 
The CU_proposal has two properties hasWeight and 
hasFeedback. The range of the hasFeedback property 
is a set composed by instances of the ALCI_Feedback, 
ID_Feedback, LearnerFeedback, and TeacherFeed-
back classes. All of these feedback-classes are sub-
classes of the parent Feedback class. This class, like 
the CU_proposal class, has the hasWeight property.  
 

 
Figure 1. Request-Recommendation ontology 

Each feedback type, represented by aforementioned 
feedback-classes, needs to have a defined weighting 
scheme that is used for calculation of its weight. The 
weights of the all feedback compose the 
CU_proposal’s weighting vector: 

W = {wi; i=1..n} 
Where wi is weight of the i-th feedback and n is a 
number of the all feedback. This vector is used to de-
fine the CU_proposal’s weight:  

Wcu _ proposal = W * P = wi pi
i=1

n

∑  

Where P={pi; i=1..n} is a vector of coefficients, which 
defines the author’s preferences regarding each feed-
back. Based on the Wcu_proposal, the CU_proposals are 
ranked in the recommendation. Until now, only the 
ALCI_Feedback has been available and our 
CU_proposal relies on it. In the future work, we intend 
to provide the other three types of feedback and to 
incorporate them into CU_proposal. Having defined 
the CU_proposal concept and its sub-concepts 
LO_proposal, CO_proposal, and CF_proposal, we are 
now able to define the aforementioned recommenda-
tion types: 
• The Low-level recommendation is a set of 

LO_proposals that correspond to similar LOs. 
• The Medium-level recommendation is a set of 

LO_proposals where each LO_proposal has a set of 
its CO_proposals. These CO_proposals correspond 
to the COs, which are components of the LO from 
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the LO_proposal. Furthermore, each CO_proposal 
also has a set of similar CO_proposals that corre-
spond to similar COs. 

• The High-level recommendation extends the me-
dium level, so that each CO_proposal has a set of its 
CF_proposals. These CF_proposals correspond to 
CFs, which are components of the CO from the 
CO_proposal. Also, each CF_proposal has a set of 
similar CF_proposals that correspond to similar CFs. 

According to these definitions, it is obvious that the 
determination of similar CUs (LOs, COs, and CFs), 
emerges as one of the most important task in the gen-
eration of the recommendation. Because of this, we 
now define the criteria that we use in our approach to 
find similar LOs, COs, and CFs from an ALOCoM-
based LOR. By using the topic expression, specified in 
the request, the system queries the domain ontology 
and retrieves a list of related topics and their depth 
within the domain ontology. All LOs form the LOR 
with topics, which belong to this list, are similar LOs. 
For the COs and CFs, we use a top-down approach to 
determine sets of similar COs and similar CFs, respec-
tively. We start from a set of similar LOs and define 
similar COs as COs which have the same content-type, 
the same content-structure, and belong to similar LOs. 
CFs are similar if they have the same content-structure 
and belong to similar COs. The content-type and con-
tent-structure are defined by the ALOCOM CS and 
ALOCOM CT ontologies. For example, assume that 
our set of similar LOs contains two LOs (LO1 and 
LO2) where LO1 is a PowerPoint slide presentation, 
and LO2 is a Word document. All COs from LO1 and 
LO2, that have the same content type (e.g., abstract, 
overview, introduction, definition, and algorithm) and 
the same content structure (e.g., paragraph, section, 
table, note, and body) are similar COs. 
 

5. ALCI-feedback weighting scheme 
 

The ALCI-Feedback is based on the information 
that can be extracted from the ALCI [5] metadata. 
From this we have identified the following information 
as relevant for our work: 1. List of past authors; 2. 
Time of last CU modification; 3. Number of CU ver-
sions; 4. List of past authoring tools. 

This set of information is formalized in the R-R on-
tology (Figure 1) by the following properties: pastAu-
thor, lastModification, numberOfVersions, and used-
Tools. In the weighting scheme that we have devel-
oped for calculating the weight of the ALCI-Feedback, 
this set of information is represented as a vector of the 
feedback’s features: F={fi, i=1..4}. Each feature has a 
weight, which is used to calculate the feedback’s 
weight: 

Wfeedback = Weight( fi )
i=1

4

∑  

In our weighting scheme, the weight of each feature 
takes a value from the interval [0,1], so that the feed-
back’s weight is a value in the interval [0,4]. 

List of past authors (f1). In order to define the 
weight of this feature, besides a list of past authors, the 
authors who modified current CU in the past, we also 
need a list of author’s friends, the list of authors who 
are interested in similar topics. We compose this list by 
querying the TANGRAM UM ontology [6]. We ex-
tended the User class of this ontology with the 
foaf:knows property from FOAF ontology [10], so that 
it can keep references to the author’s friends. Using 
these two lists we calculate the weight of the feature f1 
by the following formula: 

Weight( f1) = wa * L +
1 − wa

Nall

* Nmatches  

where wa is the weight that is added to Weight(f1) if the 
author is in the list of past authors. It can take value 
from interval [0,1]. L is a logical variable to control 
each author’s presence in the list. Its value is 1 if the 
author is in the list and 0 if not. Nall is a number of au-
thors in the list of past authors and Nmatches is a number 
of the authors that are in both, the list of past authors 
and the list of author’s friends. Nall is always at least 1.  

Time of the last CU modification (f2). In order to 
define the weight of this feature, we need to know the 
time of the last modification for each CU from the set 
of similar CUs. In the scope of this feature, we distin-
guish between two cases: C1 – the author prefers CUs 
that have been modified recently; C2 – the author pre-
fers CUs that were modified a long time ago. Using 
these prerequisites, we define Weight(f2) as following: 

C1:  Weight( f2 ) =
tcurrent − t '

tcurrent − t
=

Δt '

Δt
 

C2:  Weight( f2 ) =
tcurrent − t
tcurrent − t '' =

Δt
Δt ''

 

Where tcurrent is the current time, t’ is the last modifica-
tion time of the most recently modified CU, t’’ is the 
last modification time of the longest time ago modified 
CU, and t is the last modification time of CU, whose 
Weight(f2) we calculate. All of these times are repre-
sented as the UNIX timestamps.  

Number of CU versions (f3). Similar to the feature 
f2, for calculating the weight of this feature we need to 
know the number of versions for each CU from a set of 
similar CUs and we also distinguish between two 
cases: C1 – the author prefers CUs with a small num-
ber of versions; C2 – the author prefers CUs with a 
large number of versions. Thus, we define Weight(f3) 
as follows: 
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 C1: Weight( f3) =
Nmin

N
     C2: Weight( f3 ) =

N
Nmax

 

Where Nmin is the number of versions of the CU with 
the minimum number of versions, Nmax is the number 
of versions of CU with the maximum number of ver-
sions, and N is the number of versions of the CU 
whose Weight(f3) we calculate. 

List of past authoring tools (f4). In order to define 
the weight of this feature, we need to have two lists. 
The first one, as the name of this feature suggests, is a 
list of authoring tools that were used for CU’s modifi-
cation in the past. The second one is a list of preferred 
tools. The first list is composed by information re-
trieved from the ALCI-metadata, while the second one 
is composed by querying the UM ontology. This on-
tology is capable to keep track of the authoring tools 
usually employed by the author. Using these two lists, 
we defined Weight(f4) in this way: 

Weight( f4 ) =
Nmatched

Nall

       

If Nall>0, otherwise Weight(f4)=0, where Nall is a  num-
ber of tools in a list of past authoring tools and Nmatches 
is a number of tools, present in both lists. 
 

6. Analysis  
 

Many authors have already proposed using ontolo-
gies in the different aspects of the content authoring 
process. However, we have identified few approaches 
that can be compared to our approach. One of them 
introduces a Learning Objects Recommendation Model 
based on the Preference and Ontological Approaches 
[9]. This model uses a course specific ontology to cre-
ate the recommendation LOs set. The preference score 
for a LO from this set is calculated based only on the 
features extracted from the LOM metadata. In contrast, 
our approach evaluates a LO not only based on the 
LOM metadata, but also on the all feedback gathered 
during the LO’s life cycle. Comparing it to an Ontol-
ogy-Based Authoring Support Framework, which in-
cludes the ATO ontology [12], we find that that frame-
work is more about enabling authoring tools to guide, 
support, navigate and check the consistency of the au-
thoring activities than providing information about 
learning material. 

In summary, our approach supplements the IEEE 
LOM [1] metadata set with an additional set of infor-
mation gathered from users’ interaction with a LO, so 
that authors can now make a more precise selection of 
learning contents from the LOR. Having developed 
weighting scheme based on this information, we can 
rank proposed learning contents and turn the selection 
process into a semi-automatic or even automatic proc-
ess.  

7. Conclusion 
 

The main purpose of this paper is to illustrate the 
benefits of the ontology-based framework that captures 
information about the users’ interaction with content 
units, in the form of the user feedback, and then uses 
this information to recommend suitable content units to 
the author. We described the basic issues related to the 
R-R ontology that we developed to formalize possible 
concepts of the author’s request specification and the 
generation of the recommendation. The framework 
also relies on the weighting schemes, which are used to 
calculate the weight of particular types of feedback and 
its participation rate in the content units proposal 
weight. The content units proposals are ranked within 
the recommendation based on their weights. So far, we 
have available the ALCI-feedback and we have pro-
posed in this paper the weighting scheme for it. 

Our future work will be focused on ontologies that 
would enable the generation of ID-feedback, teacher-
feedback, and learner-feedback and their incorporation 
in our framework. We will also work on the definition 
and evaluation of the weighting schemes for these 
types of feedback.    
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