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Abstract 
In this paper, an experience of student centered learning introduced in a subject of Computer Science 
Degree is presented. The methodology followed includes different teaching-learning activities that 
have been carried out in order to promote the collaborative and autonomous learning of the students. 
We propose that the students work in groups for generating new learning resources that will be used 
by their classmates to learn the subject. During this learning process, it is necessary to give the 
students a continuous feedback about their level regarding the expected results, for which we propose 
an automatic assessment based on semantic technologies in order to reduce the teacher’s workload. 
For this purpose, we developed M-eRoDes, a service-oriented framework that offers functionality for 
the management and evaluation of learning activities. The activities are supported by semantic 
technologies which are used to describe the activities’ goals, to represent the knowledge that is 
acquired by students, to evaluate the students’ learning process, or to provide feedback to the 
different players. Finally, the experience and results of testing M-eRoDes functionality are reported 
and discussed.  

Keywords: Autonomous learning, semantic-based evaluation, knowledge representation, learning 
technologies. 

1 INTRODUCTION 
The use of new technologies in the classroom engages students in their learning process and 
increases their motivation [1]. This helps students to achieve the teaching-learning goals of a subject 
and to improve their final results and grades. Nevertheless, the technologies by themselves do not 
cause changes if they are not appropriated and adequately combined with the learning methodologies. 
From a methodological point of view, the trend in Higher education is that students play a relevant role 
in the teaching-learning process [2]. Therefore, it is usual that teachers program their classes 
integrating collaborative and autonomous learning, self-assessment and participatory classroom 
models (flipped classroom, for instance). The integration of these techniques with some of new 
technologies requires a deep reflection by the teachers that will be guided by the subject’s particular 
goals and the students’ skills.  

In this paper, we describe an experience of student centered learning (teaching) that has been 
introduced in the subject “User Centered Design. Design for multimedia” (4th course, Computer 
Science Degree) during the course 2015-16. The different teaching-learning activities carried out in 
the course promote the collaborative and autonomous learning of the students. These activities are 
supported by semantic technologies which are used to describe the activities’ goals, to represent the 
knowledge that is acquired by students, to evaluate the students’ learning process, or to provide 
feedback to the different players [3]. Nowadays, there is no software tool that allows to automate the 
different tasks of activities and to guide students in the proposed learning model. For this reason, we 
decided to implement the M-eRoDes system.  

From a methodological point of view, we propose that the students create the learning resources that 
will be used in the learning activities, instead of being created by the teachers. Since the beginning of 
the course, students work in groups and collaborate for producing these resources. During the task of 
resource’s creation, teachers have a secondary role in the teaching-learning model. Once the 
resources are available, the students have to learn by using the resources elaborated by their 
classmates. During this learning process it is necessary to give the students a continuous feedback 
about their level regarding the expected results. We propose an automatic assessment based on 
semantic technologies in order to reduce the teacher’s workload, especially in large groups of 
students. This evaluation method is innovative and is based on the use of Topic Maps (TM) [4], a 
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class of conceptual maps. The idea is to represent by means of these knowledge structures the 
teaching’s goals of a resource and the students’ learning results, and, then, to compare both point of 
view [5]. This comparison is carried out by means of new relational evaluation models [6] enhanced 
with semantic-similarity algorithms proposed by authors.  

On the other hand, a software system, called M-eRoDes, has been developed in order to support this 
new teaching-learning method. It makes easy the creation and storage of the learning resources, the 
management of the different kind of activities, and the assessment based in the use of semantic and 
TM’s. M-eRoDes is a web oriented system and is based on last generation Web technologies. The 
functionality of the system has been integrated in a Web application that allows teachers to program 
and control the course activities and that allows students to participate in these activities and to 
access to their evaluations. The similarity algorithms use the WordNet [7] and WordNik [8] databases. 
Moreover, M-eRoDes semantically labels the available resources attending to their contents, and 
classifies them according to the IEEE-LOM standard [9], enabling their management in the different 
activities. 

The remainder of this paper is organized as follows. In Section 2 we introduce the semantic structures 
that will be used to represent and assessment of students’ knowledge. In Section 3 the functionality 
and the architecture of M-eRoDes is presented. Section 4 describes the learning experience and 
Section 5 provides an overview of its results. Finally, some conclusions and the future work are briefly 
discussed. 

2 REPRESENTATION AND ASSESSMENT OF STUDENTS’ KNOWLEDGE 
A key element in our approach is the structure of knowledge selected to express the learning aims 
(what is pretended to be taught by using a learning resource) and the learning results (what does a 
student perceive he/she has learned working with that resource). In this innovative activity we propose 
the use of semantic structures classified as “Topic Maps” (TM) [4]. TMs became popular in the 
beginning of the 90’s for describing the index and contents of e-books. A TM is an information graph 
that represents a set of items (graph nodes) and the relations between the items (arcs). In the M-
erodes’ context, instead of representing items, each node corresponds with a concept involved in the 
teaching-learning process. Moreover, the TM’s basic structure has been extended with two additional 
elements: each node has assigned a numerical weight that represents the node’s importance in that 
context and each relation includes a textual tag that enriches it semantics. This extended version of 
the model of semantic structure is called “Labelled Topic Maps” (LTM).   

Figure 1 shows the LTM created from a video available at “TED Talks” [10]. This map represents a 
summarized view of the main contents exposed in the video, from the point of view of a specific user 
(in this case, one of the teachers involved in the experience). The ovals represent the more interesting 
concepts detected in the audiovisual resource and the arrows represent the relationships between 
these concepts. Each relation is tagged with a verb that refines the meaning of the directed 
association between two concepts. Besides, each concept has associated a relevance indicator that 
represents its importance in the context of the video presentation (gray-colored circle): 3 means 
meaningful importance and 1 minor importance. Intuitively, it can be deduced that the video talks 
about the role that children can play in the development of mobile applications and discusses if current 
programming and designing tools are thought to be used for these young programmers.   

On the other hand, the defined semantic and structures of LTM also play a key role in M-eRoDes 
process of automatic assessment. When a student uses a resource in his/her learning process, he/she 
expresses the acquired knowledge by a LTM, called Learning map. The system automatically 
“compares” this TM with the reference LTM of the resource in order to give the student an immediate 
feedback about his/her learning process. This structure comparison is based in graph theory (in 
essence, a LTM is an enriched graph). In M-eRoDes current version, different algorithms of graph 
similarity, graph correspondence and of graph path search, are programmed. Based on these 
algorithms, a set of indicators are calculated to determine if the students identify the key concepts, if 
they are able to correctly relate them, if they ignore some interesting concepts, or if all the student 
understand the same concepts, among others. In this analysis, semantic and synonymy between 
concepts and relations play a fundamental role. For example, the concept “educator” appears in the 
LTM of Figure 1. A student could represent the concept “professor” in his/her learning LTM, being both 
equivalent concepts (this kind of equivalence also takes place in relations’ tags). The implemented 
algorithms are able to determine these equivalences and to calculate the indicators based on the 
synonymy and the semantic of the concepts and their relations.       
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Figure 1: Example of a LTM structure 

The learning indicators not only are useful for the students, but also for the teachers. M-eRoDes 
generates reports, compact and in a colored-table presentation, that give teachers information about 
the development of the learning process: what resources are being used (and how many times), what 
learning results are obtained by the students (by the analysis of the LTM), in which part of the learning 
process they have problems, etc. 

3 THE M-ERODES SYSTEM 
M-eRoDes is a service-oriented framework that offers functionality for the development of learning 
applications. This functionality has been programmed integrating Web, semantic and multimedia 
technologies. More specifically, M-eRoDes provides support to: 

• Manage the registered users on the system (students and teachers, mainly) and analyse these 
users’ behaviour during the teaching-learning activities. This analysis is based on the log files 
stored by the framework.  

• Create and store new learning objects into the framework’s repositories. In order to include 
these objects in teaching-learning experiences it is necessary to previously describe their 
metadata, which consist of annotations that help users to classify, recover and share the 
learning objects. These annotations are automatically created using semantic technologies and 
are based on the contents of learning objects. Besides, the system integrates a service to 
validate these annotations. Learners can review peers’ annotations and provide ratings or 
comments that will be used to re-annotate the learning objects.  

• Create new courses, enrol students on these courses and program learning activities based on 
the use of existing learning objects.  

• Search and access to learning objects and courses. Semantic annotations of objects are used 
by the framework’s search engine to help students and teachers to find the resources that they 
need. 

• Create and store conceptual maps (LTM) that represent the teaching goals of a learning object 
or the understanding of a student after working with a learning object. 

• Analyse if students learn what they should when working with a specific learning object. This 
analysis consists of comparing conceptual maps using different algorithms based on similarity 
techniques and graph theory. The result is a set of learning indicators that provide students 
feedback about their learning process.  

• And, elaborate reports (based on the students’ learning indicators) that offer feedback teachers 
about the process of teaching-learning of a course.  
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Figure 2 shows an overview of M-eRoDes framework, which integrates the set of services that provide 
the functionality previously described. This functionality can be accessed through three different 
RESTful interfaces that facilitate the creation of resources (users, learning objects, courses, etc.), the 
completion of learning activities and assignments, and, finally, the reporting of feedback to students 
and teachers. Internally, all the submitted learning objects are semantically annotated and mapped on 
an ontology (called Knowledge Network) which was previously defined by the teachers or 
automatically created by the system from the teaching guide of the course. 

 
Figure 2. Overview of M-eRoDes system. 

Following, the two most important services are described from a technological point of view. On the 
one hand, the annotation service has been implemented as a sequence of stages. At the beginning, it 
extracts the content of a learning object and translates it to text. If the object is a video, this first stage 
of the processing has been programmed by using the Java Audio Video Encoder –JAVE- library and a 
speech-to-text service provided by the IBM Bluemix platform [11], for instance. Following, the output 
text is processed to determine the most relevant terms. The Java Automatic Term Extraction toolkit 
(JATE) [12] toolkit has been integrated to implement this second step, which provides a set of 
Automatic Term Recognition (ATR) algorithms that will be used to determine the most relevant terms 
of the text-based transcriptions. Thirdly, these terms are semantically annotated by the ADEGA 
algorithm [13]. ADEGA annotates each term by means of a RDF graph created from those instances 
of the DBpedia that are relevant in the resource domain. In our solution, the resource domain is 
defined from materials provided by the teachers, the guide or the slides of a subject, in order to link 
the annotations of learning objects with the context where they will be used. An RDF graph is created 
for each specific term and stored into a Virtuoso database. And, finally, these semantic graphs are 
associated (linked) with to the learning object’s metadata.  

On the other hand, the learning analysis service compares the conceptual map that describe the 
teaching goals of a learning object (Reference map) with the conceptual maps that describe the 
understanding of student after working with the object (Learning maps). This comparison is based on 
conceptual and relational evaluation models that have been usually applied to conceptual maps [6]. 
These models have been translated to a set of algorithms that evaluate the structural and semantic 
similarity of maps and compute a set of learning indicators. The programming of these algorithms has 
required the integration of different semantic repositories, such as WordNet and WordNik.  

Finally, we would like to explain that the M-eRoDes functionality can be combined and integrated in 
order to develop different learning applications. To support the learning experience described in this 
paper we have implemented a Web-based application, called Learning Tutor. It allows students a self-
learning which can be automatic evaluated by means of conceptual maps. Figure 3 shows two 
screenshots of the tutor’s interface: at the left side, the interface for playing the video of a learning 
object, and, at the right side, the interface that shows the results and indicators of the learning 
evaluation.  
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Figure 3: Interface of the Learning tutor 

4 A LEARNING ACTIVITY IN A SUBJECT OF COMPUTER SCIENCE DEGREE  
In this section, a learning activity developed during the course 2015-16 in the subject “User Centered 
Design. Design for multimedia”, of Computer Science Degree is presented. The activity’s objective is 
to involve students in the creation of learning objects and, subsequently, to use these objects in the 
teaching-learning process. During the development of this work, students have to search, classify and 
assess teaching resources available in the Web in order to create new learning objects. These objects 
are stored, annotated and shared by using the M-eRoDes framework and used for teaching the 
subject.  

The phases planned for the learning-teaching activity are shown in Figure 4.  

In the Initial phase, the teacher proposes some specific topics for the learning objects. These topics, 
together with the pdf document of the teaching guide of the subject, are sent to the M-eRoDes 
framework.  

The objective of the First phase is the creation of the learning objects. At the beginning, the students 
are organized in groups of three (this number may be modified depending on the class size) and a 
different topic is assigned to each group. This first phase consists of two sequential tasks: the 
resource searching and the creation of the learning object. In the first task each student individually 
searches resources and materials that could be useful to create the learning object. The teacher must 
previously define the maximum number of selected resources. Then, the group assesses the 
resources contributed by each member in order to decide those materials that will be more suitable for 
the creation of the learning object. The second task consists of creating it. In our proposal, a learning 
object consists of a video that explains the topic, a conceptual map (LTM) that represents the 
knowledge that should be acquired with the object, and a multiple-choice test that facilitates the self-
assessment to the learners’ object. Finally, each group must submit the learning object to M-eRoDes 
to be semantically annotated and stored into the knowledge database. 

6050



 
Figure 4: Description of the different activity phases for the creation of the resources 

The Second phase of the activity is individual. A student must access to learning objects created by 
the other groups and learn the subject’s topics using these objects. For each object, the student must 
create a conceptual map (Learning map) that represents his/her understanding after working with the 
learning object. This map is submitted to M-eRoDes in order to compare it with the conceptual map 
that represents the teaching goals of the object. This comparison allows to evaluate the student’s 
learning process and to provide him/her feedback about the learned knowledge. 

During the two first phases students must control the time dedicated to the planned tasks. A time 
tracking report is delivered to teacher at the end of the activity in order to know the effort dedicated by 
students. However, this information does not have influence over their final grades. In parallel, the 
teacher also evaluates the set of learning objects creating a reference evaluation, which will be used 
in the following phase.  

Finally, the Third phase corresponds with the improving of objects, in which students use the learning 
indicators to elaborate a second version of their learning objects, and the grading of the activity, in 
which the teacher determines the final marks for the work done by the students. This grading is based 
on the teacher’s reference evaluation and the students’ peer review. Besides, the teacher analyses 
the learning process and the questionnaire results in order to write a final report with the main 
conclusions and an activity improvement plan. 

5 RESULTS OF THE EXPERIENCE 
During the previously mentioned academic course, 14 students took the subject and all of them 
completed the programmed learning activities. They passed the subject with an average mark of 7,8 
out of 10, with a standard deviation of 1,12 points. From a quantitative point of view, and comparing 
with the traditional methodology based in master class, no significant improvement has been detected 
in the results, but this change of approach increases the interesting of the students in the subject and 
improves their participation. In this aspect, in the subject opinion enquiries, students were asked 
whether “I prefer to learn with participatory methodologies as alternative to an approach only based in 
master classes”, getting an average result of 4,5 out of 5 (where 1 means “totally disagree” and 5 
means “fully agreed”). In these questionnaires students were also asked about “Which aspects of the 
new learning methodology are complex?”. They pointed the initial difficulty they have in expressing 
their knowledge using LTM structures and semantic (they were not accustomed to work with this kind 
of representation models), although they were trained by the teachers at the beginning of the course. 
Nevertheless, they also remarked that this initial difficulty has been surpassed as the course 

6051



progressed. For tackling this problem, in the following courses, the training activities have been 
improved and the time dedicated to its development has been increased. 

Following, the detailed indicators of a specific activity are given as an example (it must be highlight 
that for other activities of the same subject and of the master degree subject, similar information can 
be given). This activity corresponds with the approach proposed in Figure 4. The aim of the activity is 
that the students work in groups for creating new learning resources, and the consequent individual 
learning using these resources. In this particular case, 5 new learning resources have been created. 
The topics of these resources were: “Child centered design”, “Natural interfaces”, “Affective 
computing”, “Brain Computer Interfaces” and “Collaborative learning”. Figure 5 shows the global 
learning indicator of each student when they work and learn with the different resources created by 
their classmates (the gray boxes, without an indicator value, represents the students that created that 
particular resource). This global indicator is calculated from the set of indicators obtained from the 
work of each student with one resource, such as: concept similarity indicator, relation similarity 
indicator, knowledge structural similarity indicator, knowledge semantic similarity indicator, not found 
important concepts, etc. A colored scale has been used to represent the learning level supposedly 
reached by the students: red means low level (values between 0,0 and 0,29), yellow means medium 
level (values between 0,30 and 0,49) and green means high level (values between 0,50 and 1,0). 
These thresholds are customizable in M-erodes tool. The teacher can access to these indicators 
summarized (and to its detailed information) through the Learning Tutor application in order to control 
the progress in the learning process in each activity. 
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Child	  centered	  desing 0,52 0,41 0,24 0,53 0,53 0,31 0,41 0,4 0,44 0,49 0,47

Natural	  interfaces 0,59 0,64 0,46 0,3 0,33 0,46 0,32 0,39 0,47 0,42 0,41

Affective	  computing 0,35 0,32 0,24 0,23 0,39 0,3 0,24 0,33 0,26 0,37 0,29 0,4

Brain	  computer	  interface 0,35 0,8 0,41 0,35 0,53 0,51 0,37 0,54 0,32 0,27 0,4

Collaborative	  systems 0,38 0,48 0,2 0,34 0,19 0,17 0,7 0,54 0,65 0,41 0,57  
Figure 5: Learning metrics obtained with the used resources  

In average, excepting for the “Affective Computing” resource, which gets a value of 0,31 out of 1, the 
global indicators of the other resources are very similar (between 0,42 and 0,44 out of 1). The color 
scale and the global results of the automatic evaluation allow a quick analysis of the activity progress 
from different points of views. For example, from the resources point of view: 

• “Natural interfaces” seems to get good results (there are not red indicators), while “Affective 
Computing” gets the worst ones (there are not indicators in green and five are red). 

• “Collaborative systems” results attract attention since they are very segmented: five are green 
(and two are yellow but near the green limit) and tree are red.   

These results can be analyzed from the students’ point of view. For example, student 4 and 8 seem to 
be having problems with their learning, while student 1, 2, 9 or 11 seem to have good results. 
However, these indicators are influenced by the ability of the students for representing with LTM 
semantic structures the knowledge they perceive. Therefore, there is a grade of uncertainty (that right 
now we are not able to quantify) between the result of the indicator and what the students really 
perceive. This degree could be analyzed by doing an additional knowledge test as part of the activity, 
but in this particular case, the test was not programmed.  

Furthermore, a questionnaire to analyze the students’ opinion about the quality of the resources used 
(video technical quality and contents’ quality). Figure 6 shows the average results that are very similar 
and don’t allow to extract important conclusions. For example, it can be observed that “Affective 
Computing”, that gets the worst learning indicators, also has one of the worst ratings. However, “Brain 
computer interface” has very good quality ratings, but its learning indicators were not so good 
(although it gets good ones). Regarding these results, may be the fact that the students know who 
generate each resource and have a close relationship with them (friendship, colleagues, etc) can 
influence or skew the results.    
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Child centered design 
Video Technical quality 6,9 

Video Content quality 7,2 

Natural interfaces 
Video Technical quality 7,6 

Video Content quality 6,6 

Affective computing 
Video Technical quality 6,4 

Video Content quality 6,9 

Brain computer interface 
Video Technical quality 7,4 

Video Content quality 8,3 

Collaborative systems 
Video Technical quality 6,9 

Video Content quality 7,5 

Figure 6: Results of the questionnaire about the quality of the created resources 

Finally, the method used to control the workload indicates that each students dedicates an average of 
8,6 hours in the creation of the new learning resource (as most groups are formed by three persons, 
an average of 25 hours has been used in the creation of each resource). For the visualization and 
learning from their classmates’ resources, they used an average of 2,6 hours (about 40 minutes for 
resource). The theoretical dedication planned by the teachers for this activity was about 15 hours, so 
that, the real effort of each student (11,2 hours) was, in average, under the estimated effort.  

6 CONCLUSIONS AND FUTURE WORK 
In this paper a collaborative learning experience based on the use of active and participative 
methodologies has been presented. The plan of activities for carrying out this process includes: team 
work, creation of educative resources, visualization and learning from the classmates’ created 
resources, knowledge representation using conceptual maps, peer assessment… These activities 
have been automated in a service-oriented framework, called M-eRoDes, which is based on the 
integration of web, semantic and multimedia technologies. The software allows students’ self-
assessment using a relational evaluation model implemented by different conceptual map matching 
algorithms. In this paper, the tool developed and the methodology followed, have been implemented in 
a subject of Computer Science Degree, achieving an improvement in the participation and motivation 
of the students.  

Nowadays, this experience is being replicated with some changes, like adding more time to train with 
conceptual maps or to give guidelines for creating the resources, for instance. In the near future, we 
will consider the possibility of studying the students’ profiles and use them to personalize the activities. 
Also, from the self-assessment point of view, it would be interesting to include other ways to represent 
knowledge, such as different classes of tests. All these improvements will be integrated in M-eRoDes. 
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