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Abstract: The interoperability between systems and the reusability of the stored and managed 
information is a key issue when designing an educational metadata management system. 
Converting from one data representation to another is time-consuming and labor-intensive, 
with few tools available to ease the task. In this paper we present a schema-mapping algorithm 
that is capable of transforming the metadata description of an educational object created using 
specific metadata specification to a representation of the same object using either another 
specification (for example from Dublin Core to IEEE LOM and vice versa), or the same 
specification in another language (for example mapping between different translations of the 
IEEE LOM standard). We show that using advanced conversion techniques such as the 
proposed algorithm can result in lower standardization efforts. Simulation results over a wide 
range of learning objects demonstrate that the proposed algorithm except from requiring less 
human intervention, can handle real case mapping problems between not only different 
metadata models but also between models that use different standards for data representation. 

 
 
Introduction 
 

The main goal when designing a metadata management system is to achieve interoperability between 
similar systems, so as to be able to reuse the stored and managed information, both at a lower representation 
level (physical level) and at the level of description and organization (logical level). The first goal can be 
achieved using standard interchange technologies such as XML (Extensible Mark up Language). The second 
goal can be achieved by adopting commonly agreed learning technology specifications. Although today a 
generally accepted international standard for describing educational material exists, namely the IEEE Learning 
Object Metadata standard, many metadata management systems are still using other metadata models for 
describing learning objects (Dublin Core, Ariadne Educational Metadata Recommendation, GEM Element Set) 
or previous versions of the IEEE LOM standard [S. Sutton, 1999]. 

Furthermore, the internationalization of each specification defined by the CEN/ISSS Learning 
Technologies Workshop as the sum of processes whose purpose is to facilitate search, evaluation, reusability, 
and processing of learning objects within a multicultural and multilingual scenario, lead to the existence of 
multiple translations of each specification, providing evidence that two systems may not be able to interact, 
even when they use the same learning object metadata specification. 

A possible solution to this problem is to define other specifications describing the interoperability 
issues between different guidelines or the internationalization issues of a specific standard, but this implies 
extra effort and extra cost. Another more simple solution is to use schema-mapping algorithms that are capable 
of transforming the metadata description of an educational object created using a specific standard to a 
representation of the same object using another specification, or another language. 
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In this paper, we propose a schema-mapping algorithm that is tested to be effective when applied to a 
wide range of learning objects; and does not require any information about the source or the destination 
standard schemas; or any special knowledge from the user of the mapping platform. 

In the next section we discuss the relationship between standardization and conversion. We will show 
that using advanced conversion techniques such as the proposed algorithm we result in lower standardization 
efforts. The third section presents the design philosophy as well as the details of the proposed schema-mapping 
algorithm. The forth section discusses the simulation results of the proposed algorithm when is used for the 
transformation of metadata repositories storing educational objects, against IBM’s Translator Generator; a well-
known completely automatic tool for schema-mapping. Finally, we present our conclusions on the use of the 
proposed schema-mapping algorithm. 
 
 
Standardization and Conversion 
 

The basic function that underlies systems intercommunication is the exchange of information. The 
major barrier that prevents system intercommunication, limiting the interoperability between metadata 
management systems, is the use of different specifications that define the structure of the exchanged 
information (standardization diversity). However, assuming that two systems use the same standardization 
format, interoperability cannot be ensured if this common format is described in different natural languages 
(internationalization problem). 

In both cases, there are two possible ways in order to achieve interoperability between educational 
metadata management systems: either the use of a neutral, standardized format or a conversion between varying 
formats (either different standards or same standards that are described with different languages) [E. Wustner et 
al., 2002]. 

Figure 1 shows overall standardization costs and overall conversion costs depending on the 
standardization level. Standardization costs contain all the costs that are necessary to implement a standard [T. 
Buxmann et al., 1999], e.g., software costs, hardware costs and personnel costs. Obviously standardization 
costs are proportional to the level of standardization. 

The graph of overall conversion costs is just reversed, since with high standardization hardly any 
conversion is necessary, whereas precise conversions between multitudes of specifications and guidelines cause 
comparatively high costs. The overall conversion costs, as schematized in figure 1, are the sum of: 
 
• Costs for generating the converter: These accrue through developing the necessary software and through 

acquiring a thorough knowledge of the data that has to be converted. The process of acquiring this kind of 
knowledge is mentioned by CEN/ISSS Learning Technologies Workshop that addresses the problem of 
internationalization in the case of the IEEE LOM standard. : ‘…internationalization starts with a study on 
the capability of each data element to support different localizations, both in terms of applicability to diverse 
languages (multilinguality) and to different cultural contexts..’ [G. Da Bormida et al., 2002]. 

 
• Costs resulting from an insufficient conversion result: These costs can occur if the conversion instrument is 

error-prone or information loss could not be avoided. The probability of information loss obviously 
increases with the heterogeneity of the used metadata schemas. Costs resulting from insufficient results 
include expenses for manual post editing of the conversion result. 
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Total Costs
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Standardization Costs
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Maximum Level of Standardization No StandardizationOptimum Solution

 
Figure 1: Trade-off between standardization costs and conversion costs 

 
Apparently there is a trade-off between overall costs of standardization and overall conversion costs. 

The optimum is where the sum of standardization and conversion costs is minimal. We make the assumption 
that the use of the mapping algorithm implicates a right-shift of the overall conversion cost, as illustrated in 
figure 2. This right-shifting is due to the fact that the conversion costs have been reduced, since there is less 
need required for the user to interfere in the conversion process, thus reducing the cost of acquiring knowledge 
of the data that needs to be converted. On the other hand, this right shifting also implicates further reduce of the 
needed standardization costs. This does not mean that no standardization of the educational metadata is needed, 
but fewer efforts are required to support the exchange of information in the context of internationalization. 
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Figure 2: Trade-off between standardization costs and conversion costs when a schema-mapping algorithm is 

applied 
 
 
The Mapping Algorithm 
 

For solving the mapping problem between two different schemas representing the same real-world 
entity, we can use two approaches: 
- Attribute-Driven, The mapping is based on the names of the attributes and not on the values that they hold. 
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- Data-Driven, The mapping is based on the similarity of the data values that the attributes hold. 
The Data-Driven methods have better performance since the corresponding map can be the result of 

comparing more than one example. This property does not exist in Attribute-Driven methods, which produce 
the mapping only by comparing the name of the attributes between the two given schemas. The two categories 
of methods have comparable performance when only one input example is used by a Data-Driven method. 

The proposed algorithm is Data-Driven and consists of three nested parts. The main part of the 
algorithm produces the mapping and requires a measurement of the similarity between two attributes – second 
part, which in turn requires a measurement of the similarity between two tokens – third part.  

So, suppose that two different schemas (schema A and schema B), that describe the same real-world 
entity, are given. The algorithm has the form shown below: 

 
- Step 1:  Select the schema that contains the largest number of elements. Let this schema, be schema A. 
 
- Step 2:  Select the first element of schema A 
 
- Step 3:  Select the first element of schema B 
 
- Step 4:  Compute the similarity between the two selected elements. If the similarity is greater or equal than 

the similarity threshold parameter – defined by the user – accept the mapping between the two 
elements, else not. 

 
- Step 5:  Are there any other non selected elements in schema B? If yes, select the next element and repeat 

Step 4. If not, move to next step. 
 
- Step 6:  Are there any other non selected elements in schema A? If yes, select the next element and repeat 

Step 3. If not, end of algorithm. 
 
For the measurement of the similarity between two elements (let them be elements e1 and e2), we have: 
 
- Step 1:  Select the element with the smallest number of token. Let this be element e1. 
 
- Step 2:  Select the first token of element e1. 
 
- Step 3:  Select the first token of element e2. 
 
- Step 4:  Compute the similarity between the two selected tokens.  
 
- Step 5:  Are there any other non selected tokens in element e2? If yes, select the next token; if no, set as 

similarity of the selected token of element e1, the maximum value of similarity between the token 
of e1 and the tokens of element e2 and proceed to next step. 

 
- Step 6:  Are there any other non selected tokens in element e1? If yes, select the next token and repeat Step 

3. If not, end the algorithm with total similarity, between two elements e1 and e2, equal to the 
average of the similarity of the tokens that compose element e1. 

 
For the measurement of the similarity between two tokens (let them be token t1 and t2), we have: 
 
- Step 1:  Select the token with the smallest number of characters. Let this token be t1. 
 
- Step 2:  Check if token t2, starts with the same characters as token t1. If yes, then finish the algorithm with 

similarity between the two tokens equal to the number of characters of the remaining token to the 
number of characters of the starting token t1. If no, then remove the last character from token t1 and 
repeat Step 2. If token t1 has only one character then instead of repeating Step 2, finish the 
algorithm with similarity equal to zero. 
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It is clear that the performance of the algorithm depends on the selection of the similarity threshold 
parameter, which represents the minimum similarity of two paths that should be mapped. A greater value will 
give less but more secure mappings, a smaller value will produce more mappings but with greater probability of 
making a mistake. So the best practice when selecting a specific value for the similarity threshold parameter is 
to select the minimum possible value in order to have maximum number of connections, without affecting the 
correctness of the mappings. 
 
 
Case Study: Transforming Metadata Repositories for Educational Objects 
 

The main problem of most educational metadata management systems [D. Sampson et al., 2002] is the 
existence of a large number of learning resources that are already described in a non-standard manner and 
therefore describing them in globally accepted way is a very time-consuming and expensive process. Although 
a generally accepted standard for describing educational material (IEEE Learning Object Metadata) exists, 
many educational metadata management systems are using other guidelines; or previous versions of the IEEE 
standard; or even different translations of the IEEE LOM. This fact makes the interoperability between those 
systems almost impossible. Therefore, in order to increase the interoperability between educational metadata 
management systems, efficient tools and procedures that will enable the transformation between different 
metadata schemes should be used. 

In traditional data integration tools such as CLIO [L. Popa et al., 2002], a semi-automatic schema 
mapping tool developed at the IBM Almaden Research Center, the users of the system are required to 
understand both their source’s data and the target representation, in order to manually create a mapping 
between them. Other tools have been presented, trying to completely automate the mapping process such as 
IBM’s Translator Generator, but these tools are expecting from the user to describe with completely the same 
way the content of the different schemas. 

The proposed algorithm except from being fully automatic, handles in a more precise way real case 
mapping problems such as the mapping between different educational metadata description schemes that uses 
not only different description schemas but also different standards for representing the content information [D. 
Sampson and P. Karampiperis, 2003]. 

In this section we are going to present the simulation results of the mapping algorithm previously 
described when the algorithm is used to map one educational metadata schema to another or same educational 
schemas that use different languages to describe them, against IBM’s Translator Generator. 
 
Setting the Simulation Platform 

In our simulation experiment we try to map different representations of the same real-world entity 
using the Dublin Core, Ariadne, Gem, IEEE LOM (English) and IEEE LOM (Greek) educational metadata 
models. In order to examine the efficiency of the proposed algorithm, we have designed several datasets for 
each one of the five previously mentioned educational metadata schemes. For the designing of the testing 
datasets we used the ISO 639 and ISO3166-1 standards as the language format scheme and the ISO 8601 
standard as the date format scheme, according to all metadata schemes of our example. 

An example of those datasets, which shows that although the different schemes are describing the 
same learning objects, they can use also different structures for the representation of the same content, is shown 
in Table 1.  
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Metadata Scheme Element Value
Title Graphic Java Mastering the JFC
Creator David Man Geary
Subject Programming Languages
Publisher Prentice Hall Publications
Date 1999-11-25
Language en-US
Title Graphic Java Mastering the JFC
Language en-GB
Keyword Programming Languages
Role Author
Family Name Geary
Given David
Additional Name Man
Role Publisher
Organization Name Prentice Hall Pub.
Date 1999-11-25
Age Range 25-45
Intenced End User Role Learner
Title Graphic Java Mastering the JFC
Family Name Geary
Given Name David
Additional Name Man
Prefix Mr.
Publication Date 1999-11-25
Language en-GB
End User Type Learner
Institution
Age 25-45
Role Author
Creator Man Geary, David
Date 1999-11-25
Language en-GB
Role Publisher
Publisher
Keyword Programming Languages
Title Graphic Java Mastering the JFC

ARIADNE

GEM

Dublin Core

IEEE LOM

 
Table 1: An example of a Testing Dataset. 

 
Simulation Results 

As already explained, the efficiency of the proposed mapping algorithm depends on the selection of 
the similarity threshold parameter. In order to test the robustness of the algorithm for several different values of 
the similarity threshold parameter, we used three different simulation scenarios. The first one uses the value of 
0.5 for the similarity threshold parameter and the other two the value of 0.6 and 0.7 respectively. In order to 
evaluate the total efficiency of the proposed algorithm and to compare the mapping results with those of IBM’s 
Translator Generator we have designed three different evaluation criteria, which are defined by: 
 

producedmappingsofnumberTotal

ContentofSimilarity
Confidence mapping

∑
∀=  

 

producedmappingsofnumberTotal
mappingscorrectofNumberSuccess =  

 

producedmappingsofnumberTotal
mappingswrongofNumberMistakes =  

 
All of them are used to evaluate a total criterion that is the mean value of confidence, success and 

mistakes for all of the different educational metadata description schemes. It is obvious that the efficiency of 
the mapping algorithm depends also on the similarity between the entity values of the different schemas, on 
which the algorithm is applied. We have split the testing datasets in three categories according to the measure 
of the similarity between entity values, which is defined by: 
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DataSetinentitiesofnumberTotal

Similarity
SimilarityDataSet DataSettheofentity

∑
∀=  

 
So we have identified datasets with low (less than 40%), medium; and high (more than 70%) 

similarity. In Figures 3a, b and c the results of the proposed mapping algorithm for the three categories of the 
datasets are shown respectively; for the three simulation scenarios of the similarity threshold parameter. 

In all out tests, selecting a threshold with value over than 0.7 gave the same indicator values with those 
of threshold with value equal to 0.7. Since our main objective when selecting a specific value for the similarity 
threshold parameter is to select the minimum possible value in order to have maximum number of connections 
and maximum total indicator (min-max criterion), the best similarity threshold value seams to be that of 0.7. 
 

LOW

0.0

0.5

1.0

0.5 0.7180 0.9314 0.2238 0.8085

0.6 0.7760 0.8534 0.0544 0.8583

0.7 0.8913 0.7278 0.0071 0.8707

Confidence Success Mistakes Total

MEDIUM

0.0

0.5

1.0

0.5 0.8922 1.0000 0.1834 0.9029

0.6 0.9832 0.9610 0.0538 0.9634

0.7 1.0000 0.9610 0.0069 0.9847

Confidence Success Mistakes Total

HIGH

0.0

0.5

1.0

0.5 0.9847 1.0000 0.1630 0.9406

0.6 1.0000 1.0000 0.0517 0.9828

0.7 1.0000 0.9963 0.0000 0.9988

Confidence Success Mistakes Total

 
Figure 3a, b and c: Results of the proposed algorithm applied to datasets with low, medium and high similarity 

between entity values respectively 
 

In Figures 4 a, b and c the evaluation criteria as well as the total evaluation results for both the 
proposed algorithm and the IBM’s Translator Generator are shown. From the simulation results it is clear that 
the proposed schema-mapping algorithm succeeds in producing more correct mappings than those produced by 
a general-purpose schema-mapping platform such as the IBM’s Translator Generator, and thus it has a better 
total evaluation indicator. 
 

LOW

0.0

0.5

1.0

IBM 0.8566 0.3881 0.0000 0.7483

0.7 0.8913 0.7278 0.0071 0.8707

Confidence Success Mistakes Total

MEDIUM

0.0

0.5

1.0

IBM 1.0000 0.5701 0.0000 0.8567

0.7 1.0000 0.9610 0.0069 0.9847

Confidence Success Mistakes Total

HIGH

0.0

0.5

1.0

IBM 1.0000 0.5701 0.0000 0.8567

0.7 1.0000 0.9963 0.0000 0.9988

Confidence Success Mistakes Total

 
Figure 4a, b and c: Comparison results of the proposed algorithm and the IBM’s Translator Generator applied 

to datasets with low, medium and high similarity between entity values respectively 
 

In order to make a more extensive examination of the efficiency of the proposed algorithm, we created 
full datasets of LOM and Dublin Core metadata schemes representing the same learning objects. The result of 
the mapping algorithm using any similarity threshold parameter above 0.6 was according to Annex B (Mapping 
to Unqualified Dublin Core) of IEEE 1484.12.1-2002 (Draft Standard for Learning Object Metadata) standard, 
in which the mapping between LOM and Dublin Core metadata schemes is defined. This fact proves that the 
automatic, without the user interference, mapping between two different schemas is not impossible and also 
that this process can be as effective as the manual mapping of a very experienced user. 
 
Conclusions 
 

Converting from one data representation to another is time-consuming and labor-intensive, with few 
tools available to ease the task. In traditional data integration tools the users of the system are required to 
understand both their source’s data and the target representation, in order to manually create a mapping 
between them. Other tools have been presented, trying to completely automate the mapping process, but these 
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tools are expecting from the user to describe with completely the same way the content of the different 
schemas. The proposed algorithm except from being fully automatic, handles in a more precise way real case 
mapping problems such as the mapping between different educational metadata description schemes that use 
not only different description schemas but also different standards for representing the content information, or 
the mapping between metadata descriptions that represent the same real-world entity in different languages. 
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