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Abstract 

In modern e-learning, Learning Objects Management Systems (LOMS) are a new key piece for the interchange 

of resources. LOMS are repositories specialized in search and recovery of learning objects (LO). LO is a 

particular instructional resource that can be used as basic unit of information and interchange between e-learning 

applications. However, quality in LO is a problematic present in many of LOMS management activities. In this 

work a Quality Evaluation Model for Learning Objects (MECOA, from a Spanish acronym that means it) is 

presented. MECOA proposes a model to evaluate the learning objects from a pedagogical perspective, using 

indicators collections grouped in six categories and it defines a linguistic label set for each one of indicators. An 

instrument for MECOA was implemented into an own LOMS called AGORA (from a Spanish acronym that 

means Help for the Management of Reusable Learning Objects). The obtained data is source of important 

pedagogical information, especially in the learning object management process; due that, this quality evaluation 

information is added to the metadata of the object and could be retrieved along with the OA within LOMS. As 

example of this, a rule set was obtained by means a knowledge extraction methodology. The generated rules are 

IF-THEN type and can be used for improvement some learning object related task like search, tagging and 

sequencing from recommending perspective.  

Keywords: Learning Objects, Data Mining, knowledge extraction, Quality  

 

1. Introduction 

The determination of the quality of learning objects is a major challenge for the 

different actors in the process of teaching and learning. Currently, there are thousands of 

repositories and learning objects on various subjects available on the network. However, the 

quality of these resources varies and their selection may not be an easy task. 

In this sense, there are many studies and proposal about Learning Objects Quality as 

LORI [1,2], it defines rating scale and rubrics for items grouped in nine areas: content quality, 

learning goal alignment, feedback and adaptation, motivation, presentation design, interaction 

usability, accessibility, reusability, standards compliance or ACOAM-LOM [3,4] that extends 

the IEEE-LOM standard and includes new elements as ergonomic and aesthetic. 

To achieve the establishment of a mechanism for granting a measure of quality for a 

learning object, we propose a Model for Quality Evaluation of Learning Objects (MECOA), 

which can be applied perspective of different actors teaching and learning process. The 

mechanism proposed on the model may be an additional element of a learning object 

repository where users not only obtain or supply the metadata of the object but also that the 

user can, from their position of teacher, student, specialist or teacher, evaluate the quality of 

the learning object form a pedagogical perspective. 

In this case, the repository stores information on the quality of teaching provided with 

the object of both his recovery and eventual reuse. Therefore, the proposed mechanism offers 

evaluate educational value of the resources stored, from a series of educational criteria present 

in the LO and from the perspective of various actors in the educational process. Considering 

the premise that human beings do when evaluating the qualitatively and not quantitatively. 
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The challenge plans this mechanism is the use of fuzzy logic to establish the valuation of 

quality traits in the MECOA. 

The structure of the article is described next, initiating with a description of the 

MECOA’s characteristics, specially the indicators on the pedagogical quality. In the section 3, 

AGORA project is presented, a Learning Objects Management System oriented to 

instructional design of learning objects using recommending; the model’s implementation is 

shown in this section. In the section 4, a case of use for knowledge discovery using MECOA 

is presented, that’s includes the methodology’s description and results gained. The conclusion 

and future works are presented in the section 5. 

2. Quality Evaluation Model for Learning Objects (MECOA)  

On the Web there area a big amount of learning objects and repositories for LOs, some 

they are well designed or developed and there are many standards proposed to assure the 

quality process while they area built. In the literature it is common to find information and 

standards regarding to regulations and methodologies on how to design LO of quality. The 

quality of the learning objects is a topic that it has been defined in many researches. 

To achieve the establishment of a mechanism for granting a measure of quality for a 

learning object some iberoamerican institution on the context of a cooperation program called 

A8172 "Methodology and tools for quality assessment of e-learning resources for teachers in 

training." as a result of the collaborative activities it had been established a product named 

MECOA which stands for Quality Evaluation Model of Learning Object. The aim of the 

model is to define a set of indicators to evaluate the quality of learning objects from a 

pedagogical perspective. The MECOA is designed by taking as its starting point the following 

processes [5]:  

 Recognition of the needs and the corresponding capabilities of the teachers 

education characterized by a predominance of discipline, in which there is a 

predominance of teaching assignments in impairment of learning and a marked 

resistance to curricular changes and little or nonexistent training in the use of 

communications technology, resources and information.  

 The definition of pedagogical principles or values of teacher training. This 
axiological dimension identifies four pedagogical principles that are set to cross in 

the formulation of indicators. These values include self-management, creativity, 

meaning and participation. From this perspective we consider the competition 

principle and property of subjects for which elements will be subject at the time of 

building the evaluation model.  

 The definition of dimensions and features of the e-learning resources. These are 
defined considering the above processes and evaluated from the perspective 

structure, competence and status process.  

 Integration of a scheme of measurement and indicators of learning resources with 

their corresponding e-learning features.  

MECOA is conceived as a methodological proposal for the construction of quality 

indicators for quality evaluation of LOs from a pedagogical perspective that includes six 

indicators: content, performance, competition, self-management, meaning and creativity 

contained in the object. Each of these indicators is itself made up of a number of features, 

which can be evaluated by four actors: teacher, student, teacher or expert depending on the 

domain and domain-level aspect of assessing LO.  
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Even though it is difficult to generate an integrated proposal for evaluating the quality 

of such resources, defining features of the above processes and the definition of features that 

can automatically or through an interaction be established by one or more teachers with the 

aim of establishing a measure in the evaluation process of the LO from a pedagogical 

perspective.  

These indicators have different application aspects, and specialists who can evaluate a 

type of test to determine a more specialized field in which the resources might complete a 

pedagogical and educational function. This measure could allow educators to define the 

quality of teaching resources in the school where they are made or used. 

Fig. 1 shows an outline of articulation of indicators of model quality assessment of 

OA. The model includes the combination of six indicators, which can articulate manner to 

evaluate objects available in any Learning Object Repository, particularly as it is applied in 

another attribute AGORA platform [13]. Each indicator has features which characteristics are 

defined through a set of linguistic labels, so that it is possible to obtain a valuation for its 

educational potential of the object [7].  

 

Fig. 1. General composition and interaction of the MECOA 

The model presented is oriented to define a measure of quality to determine the degree 

of membership found that certain characteristic that are "identified with a linguistic label”, has 

with respect to a particular feature. The operative model promotes a strategy oriented to 

enable the four identified users (learners, teachers, expert and pedagogues), to establish the 

educational potential of learning object. This information will be incorporated within the 

metadata of the LO at the time of storage in a repository, or may be available as a 

recommendation to the teacher when choosing a LO in the construction of a course.  

2.1. Indicators on the Pedagogical Quality of MECOA  

The quality of the learning objects includes a set of observable and desirable 

characteristics that could be established [6]; i.e., speaks about metadata in learning objects 

have. The metadata could be defined as the quantity of information that could be defined 

within the object. If there is a little or non-existing metadata about those resources, it is almost 

impossible to think on task such as seeking, recovering or utilization of these. The efforts 
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done toward the standardization for metadata on learning objects are oriented to determine if 

the task such as seek or recover could be possible and easy [7].  

The model states that the indicators defined should be taken on count once the object 

is uploaded or recovered form the LO repository as a part of the metadata. The main purpose 

is that the quality evaluation of the object itself is stored on the metadata of the learning 

object. For this model there had been defined linguistic labels for a fuzzy set that are 

presented but they have not been implemented on the actual case of study. Additionally, it is 

possible identify the potential actors that could participate in the evaluation process as well as 

the kind of scope in which the feature is pertinent t which area not detailed in this document 

because it is out of this case of study. In the same way, each of the indicators and features are 

described on the following [7].  

A. Content 

The content indicator includes information related to the learning objective of the LO, 

the typology of the content, the balance among the communication means used on the design 

process of the object, the quality of the information, the actuality of the information and the 

support of the bibliographical reference as elements to acquire certain competence. Table 1 

shows the main features, definition and some recommendations about the way they might be 

evaluated.  

Table 1. Features of the Content indicator 

Feature Definition How to evaluate it 

Information about 

the objective 

Level of specification of the level of 

assessment on learning terms of the 

execution objective 

Does the interface contains explicitly 

references of the competence toward is 

oriented? 

Typology The content could be made by concepts or 

exercises of procedures or show attitudes. 

Does the interface include the type of 

content that will be developed? 

Mass media 

balance 

The use of different languages: graphic, 

visual, audio, animation, schematic, is what 

gives the media diversification and 

expressive. 

Is it a balance between the number and 

arrangement of means in the object? 

Learning objective Makes explicit the purpose of the object in 

terms of type and level of the learning to be 

achieved. 

Is there correspondence between the object 

and the activities to be developed? 

Information 

quality 

Visible qualities on the information for 

their further valuation  

Is it consistent information within the 

object? 

Timeliness of 

information 

Relevance of information due to its 

actuality 

Is it updated the information presented in 

the object? 

References Makes explicit the sources en 

bibliographical references 

What is the level of detail of the 

bibliographic sources? 

B. Representation 

The representation indicator includes features such as the interrelationship among components 

as elements of a unit, iconicity in the concretion level of representation of the LO, the object 

shape indicating its appreciation and aesthetic achievement. Table 2 presents the details for 

how to define and evaluate each feature. 
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Table 2. Features of the Representation indicator 

Feature Definition How to evaluate it 

Articulation 

components 

Integration of the different elements of the 

object in a unit. 

In which manner are elements integrated on 

the object? 

Iconicity Grade on which the object achieves the 

appearance of real object by the realization 

of its essential attributes. 

How much closeness or relationships do 

exist between representation and the nature 

of the object? 

Form Ease of recognition of the represented 

object and aesthetic achievement 

What are the characteristics that define the 

abstraction represented in the object? 

C. Competence 

The indicator named Competition includes among other features level of achievement or difficulty for a 

particular competition, the outcome of competition is achieved in order to exercise the cognitive process of the 

learning process with the object and contributes to pedagogical mediation can be achieved in the interaction with 

the object. The table below (Table 3) shows the features; a definition and questions about the way of evaluate 

them. 

Table 3. Features of the Content indicator 

Feature Definition How to evaluate it 

Level of 

achievement 

Difficulty level that the object have for the 

kina of competence that the LO promote  

Graduation of the learning shown as the 

objective is being accomplished? 

Results Predominant attribute that it LO contribute 

to acquire the competence. 

To which predominant attribute contribute 

this LO? 

Cognitive 

process 

Type of process o r dimension of learning 

toward  

In which grade the competence had been 

acquired?  

Development of 

competence on 

pedagogical  

Offer exercises that allow the development 

of the vision and capability of mediation in 

learning situations. 

What kind of activities could evidence the 

mediation strategy? 

D. Self management  

The self management as one of the indicators of the model, includes as a part of its features 

the security as the feeling of satisfaction of a subject that surf in the object; as well as, the 

possibility of generate a initiative on the learner achievement who interact with the object. 

Table 4 shows the corresponding detail on the self management indicator. 

Table 4. Features of the Self management indicator 

Feature Definition How to evaluate it 

Security  Feeling of the user when interact to an LO 

results form the easy navigation and clever 

instructions. 

Are the instructions clear and navigation 

easily within the object? 

Initiative  Components of the resource lead different 

levels of learner initiative  

In what way the design offers the learner 

control? 
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E. Signification 

Within MECOA, the indicator called the significance is determined by several features such 

as motivation and problem definition as a cognitive conflict that motivates the user to learn, 

the existence of a recognizable conceptual structure of the way information is organized 

within the object, generalization evidenced by the possibility that the object present situations 

that are transferable to other situations, the cognitive challenge as the presentation of a 

graduation of tasks based on student needs. The table 5 below presents in detail the way in 

which the features are suggested to evaluate the linguistic labels defined on each possible 

evaluation and evaluator. 

Table 5. Features of the Signification indicator 

Feature Definition How to evaluate it 

Motivation  The initial interrogation allow the user to 

identify his scares or unknowledgeable and 

motivate him to learn.  

Are the questions provocative or 

motivational? 

Recognizable 

conceptual 

structure  

The LO includes a map or any kind of 

conceptual organizer that show the object 

structure on terms of the information 

organization that contains it.. 

Is there any conceptual organizer specified 

on the object?  

Generalization The goal gives the examples and/or 

application cases that enable the 

concept/ideas transference to a variety of 

situations. 

How is the knowledge transference being 

done? 

Cognitive 

challenge 

The resource contains a increasing difficult 

degree and/or need adaptabilities that the 

user could establish. 

Are the objective defined on the way that 

they could be achieved and theirs level of 

complexity is also included? 

F. Creativy 

The sixth indicator defined in the MECOA is the creativity. This indicator is evidenced by 

features such as self-knowledge as the existence of elements within the object tot enables the 

individual to learn to recognize their interests and potentials. In this indicator, it is also show, 

the feature of choice among alternatives in solving problem that arise within the LO. Table 6 

shows the definition of the features and ways to evaluate the throughout the model proposed. 

Table 6. Features of the Creativity indicator 

Feature Definition How to evaluate it 

Self-knowledge The resource contains activities and tools 

for the user to recognize their own interests 

and potential.  

Which actions could be defined to achieve 

the self-knowledge? 

Choice among 

alternatives on 

solving problems 

Level on which the resource makes 

troubleshooting, allowing the choice of 

alternatives. 

What could be done to answer to a 

problem? 

The indicators and their corresponding features had been broadly defined in terms of 

educational aspects; however, for evaluation within an LO linguistic labels have been defined 

that will be measured by fuzzy arithmetic. So, the quality evaluation establishes that within 

the parameters based on which they are valued the degree of pertinence of a particular tag 

within a feature set for any of the indicators.  
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Given the importance of the process of interaction between the teacher who does an object or 

that he recovers and the repository should allow a way to interact with the attendant 

evaluation according to their role in the valuation process of LO (as a pedagogue, teacher, 

expert or learner) to determine how it's going to qualify each of the features and how these 

will be presented to the assessor once the evaluation process [7]. 

An important aspect to take into account when making an evaluation of the quality of the 

LOs, is the selection of weighting criteria, since they must be issued in a range that reflects 

the quality within an objective scale which in our case is unclear. Considering the evaluation 

criteria can turn the meaning of it, towards what you want to know about the object. Due that 

they seek to determine what are features from a pedagogical view on purely quantitative 

evaluation is not a possibility because such valuations are not possible to assess the quality of 

a certain material. Therefore, looking to make a subjective assessment of qualitative aspects in 

the assessment of the features of each indicator is done by linguistic labels for establishing the 

degree of membership to each of the labels that make a particular feature. That is why the 

collection mechanisms for assessment measures of the object considered a series of questions 

to assign a measure, in this case diffuse the LO to undergo an evaluation of quality. For the 

case of study using AGORA it is had been defined to use discrete evaluation in order to 

define a quality measure for an object learning. Since the implantation of the MECOA in 

AGORA using discrete tags gives important pedagogical information, it is possible to obtain 

even more detailed information on the fuzzy tags implementation.  

Achieving the appropriation process model is not spontaneous or automatic which requires 

the development of various activities to the socialization of the indicators and features, as well 

as daily use in the preparation and documentation of the LOs. This is what trough the 

implementation through AGORA we are pretending to achieve [5]. 

3. AGORA Platform 

As consequence of the current importance for e-learning, repositories that motivate collect, 

access and interchange of educational resources are required. A Learning Object Repository is 

a repository specialized in storage, management, classification, search and recovery of this 

type of digital contents [14]. It offers flexible mechanisms for metadata and resources access 

that are part of LO. It allows the development of solutions that integrate LO to architectures 

and e-Learning systems existing. 

3.1. Description and Architecture 

The platform AGORA (Help for Managing Reusable Learning Objects in spanish) is a 

proposed management system, specializing in construction and reuse of Learning Objects 

[13]. It is a project involving several institutions in Latin America.  

AGORA is an integrated environment that provides recommendations to the teacher in the 

task of developing a quality instructional resource. For these, the project considers factors 

such as instructional design, knowledge management, the teacher profiles, action history. 

AGORA provides an environment where all activities and tasks associated with management 

of the learning objects are interconnected, thus facilitating its monitoring and enforcement. 

Doing so has created a set of technological principles for the design of the project: 

 Implement a software architecture based on layers that is independent of the platform, 

the storage format and use.  
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 Use standards and protocols accepted by the educational community as SCORM 2004 

and IEEE-LOM.  

 Develop a service-based interface and communication standards that allow 
interoperability with other applications (Web Services, REST, AJAX, etc.).  

 Generate a distributed storage model of Learning Objects.  

 Develop a component model and extensions for easy scalability.  

 Design a flexible representation of knowledge to implement rules, conditions, 
parameters.  

The model considers construction, recovering and storing of information and rules concerning 

Instructional Design using learning objects. The architecture contains five elements (Fig. 1), 

each one specialized in part of the process. 
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Fig. 2. General composition and interaction of the MECOA 

AGORA proposes the use of an Instructional Design ontology that represents the knowledge 

that is needed for the correct application of Instructional Design methods. This information is 

used for search and recommending more adequate Learning Objects for declared specific 

learning objectives. All actions of users into AGORA are stored in activity log for a 

subsequent analysis using data mining and extract new knowledge that improves rules, 

profiles and ontologies. 

3.2. Implementing MECOA in AGORA 

In the platform, the Learning Object Management Module is the element responsible for the 

incorporation, transformation, storage and recovery of Learning Objects for AGORA. The 

users have a workspace where they can interact with others using communication tools 

(forum, instant messaging, mail). This area has tools for create learning objects, edit its 

metadata in a manual or assisted way (Fig. 3a.), includes a searcher for users and learning 

objects. 

The MECOA was implemented in this area as an additional tool available for any person 

(AGORA’s user or not). For any learning resource published in AGORA, a quest is available 
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for evaluate it using a simplified version of MECOA dimensions (Fig. 3b). Any user can 

express his opinion about any Learning Object and see the results of all evaluations, they can 

write comments and suggestion about use and improvements of a Learning Object. 

  

Fig 3. (A) AGORA’s user workspace. (B) MECOA’s quest 

4. Knowledge Extraction from the Quality Assessment  

In this section we present how the responses of the MECOA-based tool described were used 

as an information source into a methodology for extracting knowledge from digital resources 

for learning [8]. 

4.1. Collect data 

The information used for the study is obtained from the AGORA platform log files. In 

AGORA, teachers evaluate the Learning Objects. Examples of the values recorded into the 

system are media balance, initiative, typology, cognitive process etc. All these data are a rich 

source of knowledge about recommendations, preferences and teachers opinions about a LO. 

4.2. Preprocess the Data 

It is important to adapt data during preprocessing stage, considering the nature of the 

available information about Learning Objects. This contains major differences of this method 

with regard to preceding ones.  

The details of all four preprocessing activities and our tests are here presented: 

 Select data, for the study we used data obtained from a set sample of 400 Learning 
Objects assessments from a total of 1100 stored objects. These objects were published 

in the AGORA platform by 80 teachers of public and private universities of Mexico. 

Learning Objects were selected taking in consideration their biggest amount of 

attribute data available.  

 Create summarization tables, for the quality evaluation table, the attributes were based 
on the MECOA quality assessment method, including indicators for LOs evaluation 

from a pedagogic perspective and some computational attributes not included in 

metadata. 

 Data discretization, in the instrument based from MECOA, their values are labeling 

by default. These labels facilitate the field edition. They also help in the later 

interpretation of results. 
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4.3. Data Transformation 

Data table it’s transformed into dataset, which were exported to ARFF format (Attribute-

Relation File Format), allowing a best portability for the application of Data Mining 

algorithms. These data are now described in detail: 

For the dataset, the information generated from LO evaluations was used. For this set, 15 

attributes were established; all of them based in the MECOA model and 400 LO instances.  

4.4. Apply Data Mining and Interpret Results 

For this stage, we used WEKA [9] (Waikato Environment for Knowledge) that provides Data 

Mining algorithms for classification and association. In this section, for each algorithm used 

in the study, the test characteristic and results obtained are shown. These results can be 

presented by the form of tables. 

A. Classification Algorithms 

This is achieved using ID3 [10] (Induction Decision Trees) and J48 [11] algorithms. These 

tests are intended to verify the effectiveness in the classification rules generation from both 

systems and thus provide corroboration if rules are similar. 

Various tests were verified with ID3 and J48 algorithms with the already mentioned datasets. 

two attributes were selected as classification elements:  

 Media balance, whose labels are: null, deficient, regular, adequate, saturated 

 Result, whose labels are: knowledge, skills, attitudes, values, mixed 

We obtain a set of IF-THEN-ELSE rules from the algorithms. After an analysis, we eliminate 

those rules that were with irrelevant information. The table 7 and table 8 show some of the 

best rules obtained for each algorithm used. 

Table 7. Some of the best rules obtained with the ID3 algorithm 

Considering the Media balance as classification attribute 

Rule-generated Rule interpretation 

initiative =  navigation path;  joint components  

=  sequenced;  problematic  =  introduction to 

problem => regular 

The LO has a regular media balance if it does fulfill the next 

requirements:  the design allows the navigational path, their 

components are integrated and contain the introduction to a 

problematic. 

initiative = programmed answers; result = skills;  

conceptual structure = graph => adequate 

The LO has an adequate media balance if it does fulfill the 

next requirements: the design allows the programmed 

answers, contains exercises and graphs. 

knowledge transfer = examples; conceptual 

structure = none; result = knowledge;  typology  

= conceptual; joint components  = sequenced => 

adequate 

The LO has an adequate media balance if it does fulfill the 

next requirements: the knowledge transfer is given by means 

of examples and contains a structure based on concepts 

sequenced. 
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Table 8. Some of the best rules obtained with the J48 algorithm 

Considering the Media balance as classification attribute 

Rule-generated Rule interpretation 

cognitive process = processing; self-knowledge  

= proposes challenges; typology  = concept  => 

mixed (10.0/1.0) 

The LO has knowledge and skills transfer if it does fulfill the 

next requirements: preprocessed information, proposes 

challenges and contains concepts. 

cognitive process = processing; typology = 

concept => knowledge (17.0/6.0) 

The LO has knowledge transfer if it does fulfill the next 

requirements: preprocessed information and contains 

concepts. 

cognitive process = processing; typology = 

processes => skills (14.0/4.0) 

The LO has a skill transfer if it does fulfill the next 

requirements: preprocessed information and contains 

processes. 

 

B. Association Algorithms 

For the association rules generation we have executed the A priori [12] algorithm. For this 

algorithm, we determined the generation of 100 rules, which have a minimum support of 0.3 

and minimum confidence of 0.9 as parameters. 

We obtain a set of IF-THEN rules from the algorithms. After an analysis, we eliminate those 

rules that were with irrelevant information. The table 9 shows some of the best rules obtained. 

Table 9. Some of the best rules obtained with the A Priori algorithm 

Considering the A Priori algorithm 

No. Reliability Rule-generated Rule interpretation 

37 0.98815 initiative = navigation path; problematic = 

none => media balance = adequate     

If the LO consists of navigation path and not 

contain problematic then the media balance 

is adequate. 

46 0.98742 joint components = sequenced;  problematic 

=none  => media balance = adequate       

If the LO consists of sequenced components 

and not contains problematic then adequate 

the media balance is. 

61 0.98496 cognitive process = access to information; 

initiative = navigation path;  problematic 

=none => result= Knowledge    

If the LO consists of access to information, 

navigation path and not contain problematic 

then knowledge transfer. 

All this rules can improve many tasks, like edition, creation or search of learning objects. This 

knowledge can be used to get a better recommendation and suggest values or actions that the 

user can do. 

5. Conclusions 

Quality in learning object is a problematic present in many management activities.  There are 

works related to establishment evaluation methods and techniques to define the learning 

object quality. Many of these works are focused to technological features leave out the 

didactic point of view for the learning objects. 
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In this work a Quality Evaluation Model for Learning Objects (MECOA, from a Spanish 

acronym that means it) is presented. The MECOA is a collaboration product between some 

Iberoamerican institutions. Its goal is to define a proposed evaluation for learning objects 

from a pedagogical perspective. MECOA uses indicators collections grouped in six 

categories: content, representations, competence, self- management, signification and 

creativity.  MECOA defines a linguistic label set for each one of indicators. 

An instrument for evaluation was designed to implement MECOA. This instrument is easy to 

answering for learning object evaluators. The obtained test was incorporated into AGORA 

platform. This LOMS offers services to recommendation and assistance for facilitate the 

learning object development. 

The information generated from the instrument was integrated with others information 

sources and applied it data mining techniques. The results obtained offers new knowledge 

about learning object’s characteristics that can be used to improve many management task for 

instructional design. 
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