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Automatic Generation of Metadata for Learning Objects

Abstract

With the advent of a large number of educational resources in electronic forms, as well as
the pervasiveness of online learning management systems, which uses these resources,
a number of problems related to search and reuse of existing materials arise. For many
years metadata is a good mechanism for describing the electronic resources. Metadata is
data about data, information about information, and description of content which allows
having the opportunity to find the necessary information, access it in an acceptable form.

The aim of this thesis is the analysis of automatic generation input for increasing the
level of discovery and reusability of learning object. We have examined what contribu-
tion to the production of metadata for learning objects the curriculum information stored
in the form of course syllabus and analysis of the harvestable metadata will provide. The
syllabus field’s analysis helped us to identify patterns in the structure of syllabus and de-
termine the rules which the information will be extracted from. We studied and discussed
what elements of metadata can be harvested and utilized for a detailed description of the
learning object in addition to the information extracted from the course syllabus. As a
result, we have learned to what extent the automatic generation of metadata for learning
object using proposed resources can be utilized as a supplement to the manual input.
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1 Introduction

With the advent of a large number of educational resources in the electronic form, as well
as the pervasiveness of online learning management systems, which use these resources,
a number of problems related to search and reuse of existing materials arises. Worldwide
educational institutions are increasingly aware of the need for rational use of the existing
education materials and techniques to unify them available for sharing. Metadata is one
of the highest priority mechanisms to improve the quality of search and as a consequence
re-use of educational material. Many projects were designed to study a user’s input in
forms of free text "Folksonomies". But human nature is to tell lies, be lazy, to follow
their habits, and have a subjective opinion [1]. This project aims to study the automatic
generation of metadata for learning object based on curriculum resources that related to
a given learning object and metadata that can be harvested directly from file properties.
Also, the aim of this thesis is to explore whether this method of metadata production
can be a useful addition to the manual input of metadata, what place it occupies in the
process of creating metadata, and to analyze whether it can prevent or correct human
errors.

This chapter is an introduction to this master thesis, where the topic and problem
area are described. The rest of the project consists of Chapter 2, where related works
and consideration of learning objects and metadata from different angles are presented.
Chapter 3 presents the main goal of further experiments. Chapter 4 presents the first part
of the experiment, where the selected resources and their application for the automatic
generation of metadata are examined and discussed. Chapter 5 is the second part of the
experiment, where is tested how many metadata records of Dublin Core can be automa-
tically filled by using proposed methods per learning object and assessed the quality of
the results. In Chapter 6 we discuss the obtained results, reveal benefits and challenges
of the proposed methods and provide alternatives to solve them. Chapter 7 contains the
conclusion for this thesis.

1.1 Topic covered by the project

There are a lot of definitions of what a Learning Object is. According to the definition
of the IEEE LOM specification "Learning objects are defined as any entity, digital or non-
digital, which can be used, reused, or referenced during technology supported learning"
[2]. Wiley defines it as "A learning object is a digital resource that can be reused to faci-
litate learning." [3]. For Polsani, "A learning object is an independent and self-standing
unit of learning content that is predisposed to reuse in multiple instructional context."
[4]. Scientists agree that the learning object is a multimedia object which facilitates in
the learning process. They also agree that the learning object should be reusable [5].

For many years metadata is a good mechanism for describing the electronic resources.
Metadata is data about data, information about information, a description of the content
which allows to have the opportunity to find the necessary information, access it in an
acceptable form. The creators of information must be assured that their intellectual pro-
perty rights will be protected, and administrators and other professionals should be able

1



Automatic Generation of Metadata for Learning Objects

to support electronic information, such as ensuring its preservation for a long time. Me-
tadata is a key component to solving these problems. Metadata can be created manually
or automatically.

Learning Management Systems implicitly store a great amount of information in the
context where the learning object is published: usually we have information about the
course and lesson where the learning object is, the description of the task to be performed
with the learning object, the navigation structure of previous and following material and
etc. [6]. Also, every learning object is authored by one or more people. Quite often
information about these people is available from different sources. If the learning objects
are stored together with their metadata, available metadata can be used as a source for
the newly introduced learning objects. This information is typically used if the new object
is related to another object already stored in the system (as a new version of the existing
one, for example) [7]. All this information can be a resource for automatic metadata
generation.

A course syllabus is the skeleton of a course, curriculum subjects, including a descrip-
tion of the studied discipline, its goals and objectives, summary, topics, and the duration
of each session, tasks of independent work, the consultation period, the requirements of
teachers, evaluation criteria, schedule control, references and so on. Syllabus prepared
on the basis of a typical curriculum. Later, a syllabus can be improved by adapting infor-
mation from other relevant syllabi [8]. The various learning objects that are included in
a course offering are created based on the syllabus definition, and are tightly integrated
with the reference material (also included in the syllabus) [9].

Harvestable metadata is the metadata, that already exists in the source document. It
may be created automatically by the system of manually by content producer. Such data
can be harvested automatically by different existing tools (for example Exiftool).

The basis of the study in this project is an automatic approach to identify its positive
and negative characteristics. As the sources for metadata generation for learning object
the textual resources that related to a given learning object and harvestable information
are used.

1.2 Keywords

Metadata, Learning Object, Automatic Generation, Syllabus, Extraction, Harvesting.

1.3 Problem description

Learning object plays a major role in the educational process. For many years electro-
nic repositories of universities have accumulated huge amount of lecture materials. The
problem of improving the reachability and reusability of these materials occurs acutely.
Practice shows that the use of metadata to describe the resource can significantly increase
its level of discovery. However, research results show that the one of the most common
metadata standards for the educational purposes is the LOM standard, with its almost
seventy elements, some of which are rarely used, is a serious barrier to the authors, and
they try to avoid filling in all fields. On the other hand, some information which recorded
in these attributes may depend on the subjective opinion of annotators. It is quite diffi-
cult to motivate the author of the learning object to the addition of metadata, because
sometimes users searching the resource have more advantages than the author of the
learning object.

2
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Metadata serves not only to describe the content of the resource, but also open the
domain of usage, and relationships to other learning objects. Scientists from article [10]
argue that the process of annotation of the learning object cannot be attributed only to
humans. They state that creation of structured metadata is too difficult, complicated and
time-consuming for the authors of learning objects. Thus, this process requires special
skills of the expert group. But with the increasing number of resources, time and cost of
professional metadata creators are unacceptable for organizations.

Moreover, the metadata must possess the following quality criteria: completeness, cor-
rectness, accessibility, accuracy, provenance, conformance to expectations, logical consis-
tency and coherence [11, 12]. "To err is human" (Alexander Pope). It is the human
nature to lie, to be lazy, to follow their habits, have their own subjective opinion [1].
Low quality of metadata that belongs to the particular learning object can greatly reduce
the level of discovery and as a consequence the level of reusability of the learning object.
It is necessary to determine the sources of metadata.

1.4 Justification, motivation and benefits

Automatic generation of metadata reduce the efforts of the authors of learning object to
add the information in those fields, which can be filled without his participation. Moreo-
ver based on the information already generated by the user or by the system it may be
much easier to complete it at their discretion, confirm or reject it. Automatic generation
can avoid grammatical mistakes made by the human, and do not take into consideration
the subjective opinion of the person when making annotations for the resource. The high
quality of metadata allows students as active users of LMS to obtain more representative
information about the context of a learning object. Likewise, the high-quality metadata
allows teachers to more effectively reuse the learning object, to create new courses or
expand the content of existing courses. Responding to the criteria of quality metadata
can increase the level of discovery and reusability of learning materials, systematize data
in the Learning Object Repository.

1.5 Research questions

The main Research Question: To what extent the automatic generation of metadata for
learning object using proposed resources can be utilized as a supplement to the manual
input? Since we propose to use a combination of multiple resources for the automatic
generation, we can distinguish the following sub question for greater detalization of the
problem:

• Sub-question 1: What contribution textual resources in form of course syllabus that
related to a given learning object can make to the automatic generation of Dublin
Core metadata elements?

• Sub-question 2: What contribution the metadata harvesting can make to the automa-
tic generation of Dublin Core metadata elements?

1.6 Summary of contributions

The aim of this thesis is the analysis of automatic generation input for increasing the level
of discovery and reusability of learning object. It will be examined what contribution
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to the production of metadata for learning objects the curriculum information stored
in the form of course syllabus, and analysis of the harvestable metadata will provide.
Syllabus field’s analysis will help us to identify patterns in the structure of syllabus and
determine the rules by which the information will be extracted from this fields. We will
study and discuss what elements of metadata can be harvested and utilized for a detailed
description of the learning object as a supplement to the information extracted from the
course syllabus. As a result, we will learn whether the automatically generated metadata
using our approaches could be the supplement for manual annotation of learning object
and to what extent.
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2 Related work

2.1 Learning Object (LO)

For the first time the concept of LO was described in 1967 by Gerard. However, the
term itself is attributed to Wayne Hogins - futurist who works with educators around
the world introducing new models of learning, learning management system, and clai-
ming the role of technology in learning. Throughout history, LO changed many names:
chunks, nuggets, reusable information objects, units of learning and others [13]. To-
day, IEEE Learning Technology Standards Committee [14] defines LO "as any entity,
digital or non-digital, that may be used for learning, education or training". Wiley in
[15] speaks of the LO as a "digital resource that can be reused to support learning be
it large or small". This category includes digital images or photos, live or prerecorded
audio or video, text files, and small web applications like a Java calculator. However, in
[4] proposed the following description of the LO: "Examples of Learning Objects include
multimedia content, instructional content, instructional software and software tools that
are referenced during technology supported learning. In a wider sense, Learning Objects
could include Learning Objectives, persons , organizations, or events ". According to the
authors of this article, any digital object be it a painting or musical composition evokes
emotions from the user, forces him to think, thus turning the user into learner.

According to the users of LO community, LO should possess the following properties.
The first property - Accessability, imply that LO should be annotated with metadata, and
thus can be stored and referenced in a database. The second property - Interoperabiluty
- the LO should be independent of both the delivery media and knowledge management
systems. And the third property - Reusability - once created, a LO should function in dif-
ferent instructional contexts [4]. This property has a very high value in the production
of LO. In [16], the authors present the benefits for authors of LO as well as for learners.
For authors, they point out the following benefits: reusable learning object specific tem-
plates ensure that design and development is consistent across the organization, author
write effective and efficient job / task, authors can reuse any reusable learning object in
future development, and authors can combine old and new reusable resources to form
larger structures. In the case of learners, divided into the following benefits: Reusable
LOs act as a job aid or performance support tool, giving the learners just-in-time access
to training and information. Delivery modes are customized to best match the individual
learning style of the learner. Custom learning paths are tailored to the knowledge and
skills the individual learner needs to acquire.

The authors of [17] relate the concept of LO with the metaphor "LEGO" or with other
children’s hobbies. With this metaphor, they are trying to present the theory of learning
object: "create small pieces of instruction (LEGOs) that can be assembled (stacked to-
gether) into some larger learning-facilitating structure (castle or spaceship)". In other
words, any learning object (LEGO block) may be combined with other learning object
(another LEGO block) to create a new unity of knowledge.

So, to sum up what a Learning Object is, let’s use the following specifications proposed
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by Robert Beck:

• "Learning objects are a new way of thinking about learning content. Traditionally,
content comes in a several hour chunk. Learning objects are much smaller units of
learning." This tells us that a particular LO is a small component of the lesson.

• "Learning objects are self-contained - each learning object can be taken indepen-
dently." Each LO can be considered individually without reference to other LO.

• "Learning objects are reusable - a single learning object may be used in multiple
contexts for multiple purposes." In other words, LO could be the basis for a new LO
or expand existing ones.

• "Learning objects can be aggregated - learning objects can be grouped into larger col-
lections of content, including traditional course structures." In other words, learning
object can be presented in a mixture of traditional lectures and LO of other formats.

• "Learning objects are tagged with metadata - every learning object has descriptive
information allowing it to be easily found by a search." Quite important feature allo-
wing using and reusing of learning object.

2.2 Learning Object Repository (LOR)

Learning object technology allows us building of repositories that constitute a kind of
specialized digital libraries where high quality re-usable materials can be selected by
teachers, on the basis of a description of their content (usually called metadata) as to
educational features, context of use, technical aspects, and so on. A LOR allows registered
or unregistered users to search and retrieve LO’s from the repository. A LOR typically
supports simple and advanced queries, as well as browsing the material by subject or
discipline [18].

2.3 Metadata

The most common definition of metadata is "data about data". This term is used when
describing the semantic information about online resources and a concise description of
the form and content of the resource [19]. Metadata is also useful to provide textual
descriptions for non-textual objects, for example, to enable the representation of multi-
media document properties in a structured way, simplifying document management and
retrieval [20]. General interest to the practical application of metadata associated with
an increase of electronic publications, the emergence of new individual and organiza-
tional sites, and plenty of undifferentiated digital data available on the network. Search
on metadata, in contrast to the details of information resources is more efficient, since
metadata providing looking for information about content of the resource. Properly used
metadata can identify the name of the resource, the creator, who reformatted it, and
other descriptive information. Metadata plays various roles in digital information system
[21]:

Accessibility: Effectiveness of searching can be significantly enhanced through the
existence of rich and consistent metadata. Metadata can also makes possible to search
across multiple collections or to create virtual collections from materials that are distri-
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buted across several repositories, but only if the descriptive metadata are the same or
can be mapped across each site.

Interoperability: Describing a resource with metadata allows it to be understood by
both humans and machines. Interoperability is the ability of multiple systems with dif-
ferent hardware and software platforms, data structures, and interfaces to exchange data
accurately. Using defined metadata schemes, shared transfer protocols, and crosswalks
between schemes, resources across the network can be searched more seamlessly.

Multi-versioning: Objects enter a digital information system by being created digi-
tally or by being converted into digital format. Multiple versions of the same object may
be created for preservation, research, dissemination, or even product development pur-
poses. The creator may include some administrative and descriptive metadata for this
purpose.

Legal issues: Metadata allows repositories to track the many layers of rights and
reproduction information that exist for information objects and their multiple versions.
Metadata also documents other legal or donor requirements that have been imposed on
objects – for example, privacy concerns or proprietary interests.

System improvement and economics: Metadata is also helpful to evaluate and re-
fine systems in order to make them more effective and efficient from a technical and
economic standpoint. The data can also be used in planning for new systems.

2.4 Metadata for Learning Object

2.4.1 Metadata categories

Metadata can be classified into four categories. Discovery Metadata includes all attributes
that support the ability to find the learning objects. Use Metadata contains all attributes
that are meaningful while a learning object is used. This includes technical informa-
tion like format or system requirements as well as intellectual characteristics as property
rights or restrictions regarding the usage. Authentication Metadata involves attributes
that guarantee the integrity and the overall trustfulness of a learning object. Attributes
like the source of a learning object, its version or the relation to other objects are grou-
ped here. Administration Metadata includes attributes supporting the management of a
learning object as information about ownership or all meta-metadata (e.g. who created
the metadata records) [22].

2.4.2 Metadata Schemas

A metadata record consists of a number of pre-defined elements representing specific
attributes of a resource, and each element can have one or more values. These elements
form the metadata scheme. Each metadata schema will usually have the following cha-
racteristics: a limited number of elements, the name of each element, the meaning of
each element. Typically, the semantics is descriptive of the contents, location, physical
attributes, type (e.g. text or image, map or model) and form (e.g. print copy, electro-
nic file). Key metadata elements supporting access to published documents include the
originator of a work, its title, when and where it was published and the subject areas it
covers. Where the information is issued in analog form, such as print material, additio-
nal metadata is provided to assist in the location of the information, e.g. call numbers
used in libraries. The resource community may also define some logical grouping of the
elements or leave it to the encoding scheme [23].
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Metadata schema created for only one particular application violates the rules of sear-
chability, extensibility, reusability, and scalability. There is need to have a single standard
that allows to use and exchange the media information [19].

IEEE LOM Standard

Standard for describing objects is IEEE Learning Object Metadata. The standards model
is presented in a hierarchical structure. At the top of this hierarchy is the "root" element.
This root element contains many sub-elements. If a sub-element itself contains additional
sub-elements it is called "branch". Sub-elements that do not contain any sub-elements are
called leaves ". This hierarchical model is called the "tree structure" of a document. This
standard defines the syntax and semantics of Learning Object Metadata [19]. IEEE LOM
take a structuralize approach to metadata creation.

The standard has 60 elements which provides a more universal and profound res-
ponse to learning object. These elements are organized into 9 categories [24]:

Figure 1: A schematic representation of the hierarchy of elements in the LOM data model [25]

• General. This category covers all general information that describes this learning ob-
ject as a whole.

• Life cycle. This category describes the history and current state of this learning object
and those entities that have affected this learning object during its evolution.

• Meta-metadata. This category describes how the metadata instance can be identified,
who created this metadata instance, how, when, and with what references.

• Technical. This category describes the technical requirements and characteristics of
this learning object.

• Educational. This category describes the key educational or pedagogic characteristics
of this learning object. This is the pedagogical information essential to those involved
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in achieving a quality learning experience. The audience for this metadata includes
teachers, managers, authors, and learners.

• Rights. This category describes the intellectual property rights and conditions of use
for this learning object.

• Relations. This category defines the relationship between this learning object and
other learning objects.

• Annotation. This category provides comments on the educational use of this learning
object, and information about when and by whom the comments were created.

• Classification. This category describes where this learning object falls within a parti-
cular classification system.

Dublin Core

Dublin Core (DC) is a competent and successful projects associated with the develop-
ment of the structure of Meta descriptions of resources. The Action Group (Dublin Core
Metadata Initiative, DCMI) has adopted a number of precise conceptual solutions enable
them to find an acceptable compromise between expressiveness and simplicity, natu-
ralness and completeness of meta descriptions. In comparison with LOM Standard, DC
standard includes 15 well-defined elements for describing "core" information properties
[26]:

• Title - An entity responsible for making contributions to the resource.

• Creator - An entity primarily responsible for making the resource.

• Subject - The topic of the resource. Typically, the subject will be represented using
keywords, key phrases, or classification codes.

• Description - An account of the resource. Description may include but is not limited
to: an abstract, a table of contents, a graphical representation, or a free-text account
of the resource.

• Publisher - An entity responsible for making the resource available. Examples of a
Publisher include a person, an organization, or a service.

• Contributor - An entity responsible for making contributions to the resource. Contri-
butor include a person, an organization, or a service.

• Date - A point or period of time associated with an event in the lifecycle of the re-
source.

• Type - The nature or genre of the resource.

• Format - The file format, physical medium, or dimensions of the resource.

• Identifier - An unambiguous reference to the resource within a given context.

• Source - A related resource from which the described resource is derived. The descri-
bed resource may be derived from the related resource in whole or in part.

• Language - A language of the resource.
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• Relation - A related resource.

• Coverage - The spatial or temporal topic of the resource, the spatial applicability of
the resource, or the jurisdiction under which the resource is relevant.

• Right - Information about rights held in and over the resource. Typically, rights in-
formation includes a statement about various property rights associated with the re-
source, including intellectual property rights.

Dublin Core provides the following classification of elements of vocabulary (Table 1):

Content Intellectual Property Instantiation
Coverage Contributor Date

Description Creator Format
Type Publisher Identifier

Relation Rights Language
Source
Subject

Title

Table 1: Dublin Core elements classification [27]

Dublin Core Metadata Initiative provides guidelines for encoding Dublin Core meta-
data in XML and RDF / XML to enable interoperability across different platforms, lan-
guages, and systems [28].

2.5 Automatic generation of Metadata

Two main alternatives exist to index the learning objects in a LOR. It could be done either
by manual or by automatic indexation. In the first alternative, an expert, after reviewing
the learning object, generates the metadata values. In the second alternative, some kind
of information extraction system tries to deduce the value of the metadata fields based
on the information available about the object [6].

The automatic approach to create metadata allows the use of computing power with
a higher level than simply filling the input fields for manual annotation. Automatic me-
tadata generation extracts relevant information from particular learning object and from
context that stored in this learning object [22]. Accordingly, distinguished resource-
based (content-based) and context-based methods.

Metadata harvesting belongs to the resource-based method and means that the meta-
data is automatically collected from fields already filled. An example of such information
may be size or file format. Extraction is a text-based method and means automatic ex-
traction of information from the content of the resource. Keywords or phrase extraction
the is most common technique. Having already available information metadata can be
obtained from it. For example the source of such information may be course profile or
lecture description [10].

Along with the automatic generation of metadata systems there are hybrid systems,
which establish a balance between automatic and human metadata generation. Based
on the results of automatic analysis of the learning object, three groups of information
created: very probable values, which include specifications of the object and usually do
not require any user intervention, probable values, which may be considered as an offer
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systems for metadata entry, but are not reliable and require verification user, and restric-
tion of possible values. The latter group does not serve the sentence, but reduce the scale
of possible values [22].

System has to allow easy share, reuse, and group learning object in order to create
different context. Interoperability of the system allow to different learning systems to
communicate with other systems to share and mix their learning resources [29]. Au-
tomatic metadata generation is more efficient, less costly, and more consistent than the
human-oriented process [30].

2.6 Resources for Automatic Metadata Generation

For any automatic indexing we need some kind of already available information about
the LOs to index. Fortunately, Learning Management Systems implicitly store a great
amount of information in the context where the LO is published: usually we have infor-
mation about the course and lesson where the LO is, the description of the task to be
performed with the LO, the navigation structure of previous and following material and
etc. [6].

Also, every learning object is authored by one or more people. Quite often information
about these people is available from different sources. A creator or a indexer profile
groups this information, so that it can be used when generating metadata for a document
of that person. If learning objects are stored together with their metadata, available
metadata can be used as a source for newly introduced learning objects. This information
is typically used if the new object is related to another object already stored in the system
(as a new version of the existing one, for example). Moreover, similarity searches can be
used to search for similar objects in the system, so that their existing metadata can be
used to create new metadata.

Learning management systems can provide rich contextual information, like the courses
in which the object is used, how many times the document was used or downloaded, etc.
As such, it actually does both document context analysis and document usage analysis
[7].

All this information could help in the design and implementation of information ex-
traction systems. Further described an idea of in which form the curriculum information
can be presented and available among the learning community.

2.6.1 Course Syllabus

Etymologically syllabus means a "label" or "table of contents." The American Heritage Dic-
tionary defines syllabus as outline of a course of study [31]. One of the first steps taken
by an educator in planning a course is to construct a syllabus. A course syllabus is the
skeleton of a course, curriculum subjects, including a description of the studied disci-
pline, its goals and objectives, summary, topics, and the duration of each session, tasks
of independent work, the consultation period, the requirements of teachers, evaluation
criteria, schedule control, references and so on. Syllabus are prepared on the basis of a
typical curriculum. Later, a syllabus can be improved by adapting information from other
relevant syllabi [8].

The authors of [31] classifiy information in syllabus into two groups: information
that students need to have "at the beginning of the course" and the second include all
information that students need to have "in writing". According to them, the major content
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areas of syllabus are following:

• Course Information. The first items of information in syllabus should give course
information: course title, course code, and credit hours. Sometimes it can be prere-
quisites, language of instruction, and location of classroom.

• Instructor Information. Second, the students need information about the instruc-
tor: full name, title; office location, office phone number. Many instructors give the
students their e-mail address.

• Reading materials. Textbook(s) include the title, author, edition, and publisher.

• Course Descriptions/Objectives. The treatment of the area (course description, content,
goals, objectives).

• Course Calendar/Schedule. The topics of daily or weekly lectures is covered and
all related materials, such as lecture notes and supplementary reading. The schedule
also should include the dates for exams, quizzes, assessments, or due dates for major
assignments.

• Course Policies. Attendance, lateness, class participation, missed exams or assign-
ments, lab safety/health, academic dishonesty, grading, and available support ser-
vices.

For clarity, the content areas of syllabus are presented in the Figure 3.

Figure 2: Course syllabus structure
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The same idea of syllabus design share [32]. They argue that the syllabus should
play three roles: Syllabus as a Contract, Syllabus as Permanent Record, and Syllabus as
a Learning Tool. In the article "The Purposes of Syllabus" they describe each element
of syllabus and give the most detailed examples of the course syllabus. The example is
shown in the Figure 4.

Figure 3: Detailed example of course syllabus [33]

According to the Parkers & Harris (2002), the course syllabus should include a detai-
led calendar of the course. Having this information syllabus provides information about
how to plan for the tasks and experiences of the semester, how to evaluate and moni-
tor one’s performance, and how to allocate time and resources to areas in which more
learning is needed.

Syllabus Publication

Different schools have their own preferences and rules for syllabus publication. Syllabus
may be published by website administrator through the existing management system or
presented in paper form. Most universities maintain a standardized course catalog that
contains syllabus definitions for all courses offered at that school. Some of them include
course summary information in the catalog, while the details are only available in univer-
sity records systems. This information, however, is not in a standardized format across all
universities, and usually contains only the most basic course information without details
of learning objects [9]. In the case of online publication syllabus can be in HTML or
printable format such as PDF, MS Word format, or Open Office.

Different schools set different access levels to the syllabus. Some allow public reading
and viewing from the local subnet or from another network. However, efforts are cur-
rently underway to make syllabi and course content available online licensed under an
open license [9].
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2.6.2 Course Description Metadata (CDM)

The CDM specification was developed in 2001 by USIT’s XML group at the University
of Oslo for the Norwegian eStandard project, Norway Opening Universities (OUN), a
national initiative for change and innovation in Norwegian higher education.

CDM addresses the description of educational course units or other forms of educa-
tional offering at all levels. It specifies the structure and semantics of the key concepts
used in course descriptions. The metadata are specified as an XML Schema, and guide-
lines with examples are given to facilitate the generation of course descriptions as XML
documents.

The metadata are intended to satisfy the following objectives:

• Facilitate description and exchange of information about educational course units

• Facilitate a standardization of course unit descriptions

• Facilitate the establishment of national and international course catalogues

• Facilitate the establishment of course portals and other services helping students

Figure 4: CDM example [34]

According to the latest release CDM-2.1 (2009-09-01), CDM are divided into four
parts [35, 36]:

• Organisation unit (orgUnitType). An (or part of an) organisation responsible for ac-
complishment of courses, e.g. university, faculty, institution.

• Study program (programType). A study program comprising a set of course units.

• Course unit (courseType). A course unit with curriculum, time schedule, teaching ac-
tivities and exam.

• Person (personType). Contact information of persons related to the accomplishment
of courses.
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Organisational Unit. An element of type orgUnitType represents an organisational
unit that organises or provides study programs and courses. In general, a given program
or course may be organised/provided by multiple organisational units. An organisational
unit can have a hierarchical structure with subordinate organisational units (e.g. univer-
sity, faculty, institute). The concept of organisational unit is supposed to encompass all
organisational structures with educational offerings from a traditional university to a loo-
sely defined consortium. Part elements include the following: orgUnitName - Full name
of the organisational unit, orgUnitCode - An organisation unit code according to a codi-
fication scheme, contacts - A set of contact information associated with the organisation
unit, and other components relevant to a particular organizational unit.

Study Program. An element of type programType contains the description of a study
program. Part elements include the following:programName - Full name of the study
program, qualification - Learning outcomes, skills, competencies, marks and/or grades
obtained, rights to practise and/or professional status at different levels accorded to the
holders of the qualification, level - Level of the program, eg undergraduate, bachelor, mas-
ter, formalPrerequisites - Description of any formal prerequisites for the study program,
etc.

Course Unit. An element of type courseType contains the description of a course unit.
The term course refers to a complete unit of instruction that provides the learners with
the knowledge or skills required for competence in a subject matter. A course is any aca-
demic or vocational course arranged by a course provider. This is the lowest level that can
offer credits or recognition within an educational institution. A course usually includes
teaching activity and examination. Part elements include the following: courseName -
Full name of the course unit, courseDescription - A general description of the course unit,
instructionLanguage - Main language of instruction, syllabus - Information on syllabus,
textbooks/literature prescribed for study, etc.

Person. An element of type personType contains the description of a person. The focus
of the description is contact information of persons related to the accomplishment of
courses. Part elements include the following: name, title, role, contactData, etc. [36].

2.6.3 XCRI project

The project was managed by Manchester Metropolitan University1. The goal of XCRI
project is to provide definitive specifications that describe accurately the learning oppor-
tunities that will be offered in particular locations at particular times. This project aims to
lay foundations for an open, service-oriented approach to managing and utilizing course
information by developing a suitable vocabulary and technology bindings for describing
relevant data and demonstrating how such data could be managed, retrieved and trans-
formed for different audiences using web services [37]. The project was motivated by
the report of National Committee of Inquiry into Higher Education, which stressed ’the
importance of clear and explicit information for students so that they can make informed
choices about their studies and the levels they are aiming to achieve’ [38].

The XCRI project is built on the Norwegian Course Description Metadata project to
define a vocabulary to describe course-related information in a way that fits UK needs.
The vocabulary encompasses course marketing, course quality assurance, enrolment and
reporting and personal development requirements. XCRI the general requirements of

1www.mmu.ac.uk/
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formality and interoperability: this is open specification using the XML schema formalism
[39].

2.6.4 OpenSyllabus model

OpenSyllabus is a model of syllabus organization supported by an XML representation.
For the basis of OpenSyllabus model have been taken the model proposed by [32] des-
cribed earlier and extended by seven elements found in the major number of syllabi:
News, Staff information, Course overview, Assessment, Lecture list, Frequently Asked
Questions. The structure model of OpenSyllabus is quite flexible and suitable for each
university to easily parameterize the various elements of the model as well as the voca-
bulary used while keeping a semantic suitable for sharing across platforms [33].

2.6.5 Keywords Extraction

Moreover, learning object by itself can contain a wide range of information to fill in the
fields of metadata schema. Keywords can be considered as condensed versions of docu-
ments, which can play important role in some text processing tasks such as text indexing,
summarization and categorization. Therefore, it is possible to think of them as a set of
phrases semantically covering most of the text. However, there are many digital docu-
ments especially on the Internet that do not have a list of assigned keywords. Assigning
keywords to these documents manually is a difficult task and requires appropriate know-
ledge of the topic. Automatic keyword extraction process can solve this problem [40].
[41] motivates that the automatic generated metadata in the form of keywords may
improve the discovery of potential relevant learning object or can be used to assist or
supplement the manual assignment of subject terms. Likewise, keywords extracted from
the learning object and related materials can be organized in the ontological structures
that can be used in an effective way of navigating within the learning object repository.
Ontology can be used to find quite specific concepts or the most extensive (generaliza-
tion) concepts matching to the specified search.

Preprocessing

The information that is being analyzed very often is irrelevant and redundant, contains
noisy and unreliable data, thus Text Mining process is becoming difficult. Data preproces-
sing includes cleaning, normalization, transformation, feature extraction and selection,
etc. The product of data preprocessing is the final training set [42].

Tokenization

The first step in preprocessing is the so-called tokenization, i.e. the process of breaking
a stream of text into tokens. A token is an instance of a sequence of characters in some
particular document that are grouped together as a useful semantic unit for processing.
To this were used regular expressions [43].

Stop words removing

Sometimes, some extremely common words which would appear to be of little value
in helping select documents matching a user need are excluded from the vocabulary
entirely. These words are called stop words. The general strategy for determining a stop
list is to sort the terms by collection frequency (the total number of times each term
appears in the document collection), and then to take the most frequent terms, often
handfiltered for their semantic content relative to the domain of the documents being
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indexed, as a stop list, the members of which are then discarded during indexing [43].

Words Normalization

Stemming. For grammatical reasons, documents are going to use different forms of a
word, such as organize, organizes, and organizing. Additionally, there are families of de-
rivationally related words with similar meanings, such as democracy, democratic, and
democratization. In many situations, it seems as if it would be useful for a search for one
of these words to return documents that contain another word in the set. The goal of
stemming is to reduce inflectional forms and sometimes derivationally related forms of a
word to a common base form.

WordNet Based Method. The dictionary of wordNet consists of four major networks
for significant parts of speech: nouns, verbs, adjectives and adverbs. Basic unit in Word-
Net dictionary is not a single word, a so-called synonymous series ("sinsets"), and com-
bining words with similar meaning and are inherently network nodes [44]. Keyword
extraction can be limited by simple nouns processing, simply comparing each word in
the document with a set of words presented in WordNet dictionary. Reason for this is
that nouns are very informative and could be treated as possible keywords [45].

2.6.6 Language Identification

Without the basic knowledge of the language the document is written in, applications
such as information retrieval and text mining are not able to accurately process the data,
potentially leading to a loss of critical information [46]. The task of determining the
language of the text arose long ago, and many attempts have been committed to solve
this problem.

Techniques to identify the language can be classified into three types: «Linguistically-
grounded methods», «Similarity-based methods” and «classification methods” [47].

Linguistically-grounded methods. This method includes the following techniques:
The investigated text is checked for the presence of a certain set of "special characters"
[47]. Another technique is to check the text for the presence in it of the sequence of
characters unique to a specific language. The article [48] provides an analysis of such
sequences. Also an early attempt was the analysis of the text to identify in it stop words
inherent in a particular language (the concept of stop word described earlier). The ad-
vantage of such methods for determining the language is its cheapness and simplicity.
The disadvantages include the fact that the sets of symbols and words on which the
analysis is based, may overlap in various languages, which reduces the accuracy of the
results.

Similarity–based Methods. The core of these methods is the application of N-gram
counting. An n-gram is a subsequence of n items from a given sequence [49]. Canvar
and Trenkle [50] presented their results using rank order statistics. Language of the text
is determined by comparing the list of common short string found in the classified text
with a sheet of the training set for the different training corpora.

Classification Methods. The basic of this method is to develop a set of character
level language models from the training data and then to use this language models to
estimate the likelihood that a particular test string might have been generated by each of
this language models [48]. This class of methods involves compare Bayesian probability
of distribution [50], compare entropy of distribution [51]. The disadvantage of these
methods is that for the analysis of much training data is required and classification can
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be slow.

2.7 Manual Metadata Producing

Search and navigation among the web resources have been largely improved with the
introduction of collaborative tagging. The process of collaborative tagging is regarded as
the process of adding user metadata in the form of keywords to the content which will
then be saved or published [52]. This process involves the introduction of folksonomy.
"Folksonomy" is a combination of two words "folk" and "taxonomy". "Folk" mean collabo-
rative and progressive definition of a relaxed categorization and organization of content
"taxonomy". The folksonomies has three main components - the user, tag and resource.
The user can use the tags for tagging capacity of his favorite resources (photos, videos,
web pages) [53]. But finding the right information does not always produce the desired
result. Ambiguity of the language implies that one tag may refer to several concepts or
several tags may refer to the same concept due to variability of the spelling, the lack of
explicit representations of the knowledge contained in folksonomies, the difficulties to
deal with tags from different languages [54].

Likewise, some users simply do not use this opportunity to participate in tagging or
use it absolutely wrong. This is due to the lack of specific knowledge or the rules of filling
tags. Everyone thinks differently and the logic of one person is difficult to understand
others.

2.8 How to define Metadata Quality?

The automatic generation has an obvious relevant advantage: the economy of work for
not having to “manually” create the metadata, apart from standardizing the value of the
metadata. Nevertheless, it has also a serious weakness related to the quality of the gene-
rated metadata. Metadata is useful not only when it is complete and accessible but also
when it is correct. However, the correctness of some metadata values, especially those
related to educational characteristics is very difficult to verify, because such information
deals with the intended usage of the material, which remains implicit in the material
itself [11].

Further some characteristics of metadata quality are followed:
Metadata Completeness – in order to provide full access to an educational resource,

it has to be ensured that all the information is annotated with the metadata. Otherwise,
important or useful parts of an information source may be missed or cannot be indexed
correctly [55]. Estimating the completeness of metadata requires at least make sure
whether all the elements of the scheme completed.

Metadata Correctness - Metadata about an educational resource is only useful if it
correctly describes its contents and pedagogical contexts. In fact, inconsistent metadata
may be a more difficult problem than missing metadata, “because mechanisms relying
on metadata will produce wrong results without warning” [55]. Therefore, validity of
metadata should depend on the evaluation of the correctness of this metadata. Correct-
ness evaluation is more complex than completeness assessment because it deals with the
semantics of the metadata values [11].

Metadata Accessibility - Metadata for educational resources has to be accessible for
people and applications wanting to use them in order to be useful. Accessible metadata
has the following features: (1) it is defined within an interoperable format (e.g. XML),
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(2) it uses an accessible vocabulary (e.g. RDF), and (3) it is possible to localize [11].
Also [12] bring the following characteristics:
Accuracy. The accuracy is the degree to which the metadata values are “correct”,

i.e. how well they describe the object. The correctness could be a binary value, either
“right” or “wrong”, for objective information like file size or language, but, in the case of
subjective information, it is a more complex spectrum with intermediate values (e.g.: A
title of a picture, or the description of the content of a document).

Provenance. Provenance covers the reputation that a metadata record has in a com-
munity. For example, a user may trust more metadata generated by a metadata expert
that he knows, than metadata generated by a software tool. While the automated gene-
rated metadata may be of a better quality (according to the other metrics), provenance
is more related to the subjective perception that the user has about the origin of the
metadata.

Conformance to Expectations. The conformance to expectations measures the de-
gree in which the metadata record fulfills the requirements of a given community of
users. There are several parameters that affect this quality: The vocabularies words used
in the metadata record should be meaningful for the user, the metadata fields filled the
ones needed to perform the task that the user intended (search, evaluation, integration,
etc), the amount of information is enough to describe the learning object.

Logical consistency and coherence. The logical consistency and coherence is the
degree to which a metadata record matches a standard definition and the values used in
the fields, correlate positively among them.

2.9 Uncertainty of Metadata

In his article "Metacrap: Putting the torch to seven straw-men of the meta-utopia" [1]
Cory Doctorow argues that "reliable metadata would be a utopia. It’s also a pipe-dream,
founded on self-delusion, nerd hubris and hysterically inflated market opportunities". He
cites seven obstacles for production and use of reliable metadata:

• People lie - in many cases, content producers to use misleading information about
their products to attract consumers’ attention.

• People are lazy - quite often the content producers do not use the opportunity to give
names to their works.

• People are stupid - "Even when there’s a positive benefit to creating good metadata,
people steadfastly refuse to exercise care and diligence in their metadata creation."

• People follow their habits.

• Schemas aren’t neutral - there is no single approach to the categorization of ideas,
objects, attributes.

• Metrics influence results - Agreement on the use of common criteria for measuring
the important parameters in a certain field must put in the privileged position of those
things that get better results when using this method of measurement.

• There’s more than one way to describe something.
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2.10 Legal Aspects of Learning Objects

The emergence of learning objects in an electronic form gives rise to new issues regarding
the ownership and distribution of it in a very public manner. These learning objects are
subject to Information Property Rights (IPR) law. Specifying the IPR information is very
important for repositories, and should contain records of who owns the resource, who
has access to the resource and under what conditions this resource is distributed.

Fair Use. Fair use is an affirmative defense to copyright infringement. Fair use is based
on two factors. One of the factors considered in a fair use assessment is whether the use
proposed is non-profit or commercial. Another factor asks if the proposed use impacts
the market for or value of the original work [56].

Copyright. The owner of the copyright in an intellectual work enjoys the right to grant
or withhold the right to others to make copies of the work; copyright is often described
as a restrictive right because it is concerned with stopping others doing something with
the work. It is very important to point out that when a piece of intellectual work is
created and fixed in a material form such as in a drawing, a video recording, notes, or a
printed text etc then the person, whom the law identifies as the ’author’ and first owner,
can enjoy and claim the protection of copyright law immediately. Copyright also applies
to collaborative works that do not easily allow identification of a single author. Where
two or more people have created a single work protected by copyright, those people are
generally joint authors and joint first owners. However, if the work is created during the
course of employment, the employer owns the copyright [57].

In [56] considered some cases when professor uses existing materials to create new
learning object. The first and most common case is the use of material created and owned
by others. Professor uses commercially available material or other material the rights of
which are owned by others. Examples of such material would be charts and graphs from
books, commercially available maps or images, or other textual content. Professor may
not adapt the material (including translation) without permission of the copyright holder.
Another case involves the use of materials created by students. Students automatically
own the copyright in the works they create, even if the work is created during the course
of instruction. Another case described in the article is the use of public domain materials.
The public domain material may be freely adapted. The owner of the copyright in the
resulting learning object owns only the material added to the public domain material.
The original public domain material remains in the public domain forever.

Let’s look at the existing license, under which existing materials can be used and new
learning objects may be released:

Creative Commons. The purpose of Creative Commons is to allow copyright holders
to pass some of the rights to their works to the public, and at the same time retain other
rights. The fact that in accordance with the currently in force in most countries copyright
laws all rights as property as well as non-proprietary belong to the authors automatically.
Creative Commons makes it possible to pass certain rights of the public by the family of
ready-made licenses recognized juridical legislation of many countries. Thus, the goal of
Creative Commons is to promote the free flow of information, although not all Creative
Commons licenses are free licenses. Creative Commons licenses are provided with tags
written on XML, which allows a program for viewing Web pages to find this information
[58].

GNU General Public License. The purpose of GNU GPL is to give the user the right to
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copy, modify and distribute (including commercial) programs (by default, is prohibited
by copyright law), as well as ensure that users of all derivatives of the above programs
receives the rights. The principle of "inheritance"of the rights is called "copyleft" [59].

Design Science License is a copyleft license for free content in the form of text,
images and music. The license requires that any modification protected with DSL is pu-
blished under the same license, without any new restrictions on its distribution / mo-
dification, derivative work will be named differently to distinguish it from the original,
the new product will be correctly stated with authorship (What specific parts created by
original author, what by new authors, as well as all other changes and its dates) [60].

2.11 Summary of Related Work

This chapter presents an overview of existing literature, researches and technologies with
respect to research questions defined in Introduction part. Let’s summarize all facts and
apply them to the defined Research Questions.

Scientists find that the most important characteristic of learning objects is reusability,
i.e. it serve as bases for new or extension of existing learning objects. This characteris-
tic is particularly useful for creators of learning objects. Also, it acts as a support tool
for students. There is no doubt that metadata play an important role in the reusability
of learning objects, storing and maintaining them over time, as well as protection of
intellectual property rights.

Automatic generation of metadata requires some information resources. In this pro-
ject we consider the course syllabus and harvestable metadata as resources for genera-
tion. While working with the scientific literature, these resources have been considered
from various angles and found their capacity to participate in the automatic generation
of metadata.

There are several standards for representation of metadata elements. The current
study is based on Dublin Core metadata standard. The choise is based on the following
facts: Dublin Core scheme is usable and flexibile, provides a clear semantics of the ele-
ments for a wide range of users, provides a description of core feaures of electronic
resources that support resource discovery. Furthermore, all Dublin Core elements are op-
tional, but each system is capable to determine its own set of mandatory elements. It
can be extended to meet demands of more specialized communities [21]. Also, while
working with the scientific literature, we have not found work in the field of application
of the course syllabus as a resource for the automatic generation of metadata. Dublin
Core metedata element set is the initial step in this area to test this assumption.

If we follow [1], there are some obstacles to the use of metadata as the sole mecha-
nism for describing resources. Automatic generation of metadata is not error free, but is
able to solve some problems of "meta-utopia". In this study, we use such approaches to
the automatic generation of metadata as metadata harvesting and extraction.

Since the metadata are used for guidance and compliance with intellectual property
rights, were considered the highlights of this issue, use cases, and existing licenses during
the literature review.

An important factor is not only the existence of metadata, but also its quality. In my
project I would based on the following characteristics of metadata quality: metadata
completness, correctness, accuracy and others that described in Section 2.8.
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3 Experiment Setup

This thesis focuses on studying the contribution of the information resources in the form
of courses syllabus and metadata harvesting from learning objects in the process of au-
tomating the generation of metadata. For this purpose we need to find the most effective
approach to generate metadata by using these resources.

The experiment is divided into two parts. The first part of the experiment includes
consideration of methods for extraction of the information suitable to fill the metadata
elements of Dublin Core. To do this will be considered course syllabi and PDF document
properties. Results and conclusions obtained in the first part of the experiment will be
the basis for the second part of the experiment, where will be considered the total gene-
ration of elements of Dublin Core per learning object. Findings of the second part of the
experiment will allow us qualitatively assess the potential of the proposed methods.

3.1 The General Purpose of Experiments

The purpose of this experiment is to explore and check whether metadata extracted from
the course syllabus as well as the metadata harvested directly from learning object may
be used for description of electronic learning object. Also as a result of the experiment
we can conclude the extent to which the automatic generation of metadata for learning
objects can facilitate the process of manual input of annotations using the proposed
methods.

3.2 Technical Aspect

Since within this project we are working with the electronic syllabus published on the
Internet then to process them, we need a software tool allowing working with the HTTP
protocol and the local and remote files. In our case, for realization of tasks PHP1 scripting
language was used.

In the case of direct processing of learning objects and metadata extraction from fields
already filled (i.e. harvesting) Exiftool2 was used, which is free software used for reading,
writing, and manipulating file metadata.

1http://www.php.net/
2http://www.sno.phy.queensu.ca/ phil/exiftool/
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4 The Correspondence between Resources for Generation
and DC Elements

In this part of the experiment the correspondence between the fields of a typical course
syllabus and the Dublin Core Metadata elements will be examined and set. In other
words, the mapping of syllabus fields in the Dublin Core metadata scheme will be conduc-
ted. Harvesting aspect of information extraction will also be considered, proposed me-
thods by which information can be retrieved, and discussed its degree of applicability.
The proposed methods are tentative and will be tested in the second part of the expe-
riment. The process of description is based on the consideration of each Dublin Core
element separately.

4.1 Data Set

60 course syllabi from different schools and universities took place in analysis. We used
the popular search engine Google to find schools and collect documents which are the
course syllabi. Schools course syllabi of which have been considered are located in va-
rious countries such as Norway, Sweden, Denmark, USA, England, Ireland, Iran, and
Turkey. The consideration of various schools and universities of various countries is an
important factor, because each institution has its own style of syllabus design. Our goal is
to determine the common and useful elements among all syllabi. We considered syllabi
of such courses as the Semantic Web, Media Management, Internet Technology, Program-
ming etc. (A complete list of schools and courses can be found in the Appendix A). 30
learning objects in form of PDF lecture slides are the set to identify metadata elements
that can be generated automatically after program processing and for identification of
harvestable elements. Consideration of learning objects from different courses of dif-
ferent schools will also determine the most frequent and similar features in indication of
metadata for learning objects. (List of schools and courses from which learning objects
are taken can be found in the Appendix B).

4.2 Element "Description"

Dublin Core specification allows describing of electronic resource by free text. In the case
of learning object in the "Description" element can be recorded the title and course code,
which owns the learning object. This allows to determine the place of learning object in
the learning process.

Using considered in Section 2.6 parts of typical syllabus we have found that each
syllabus may contain the title and code of the course.

4.2.1 Element Consideration

We are considering where and how information on the course title and code is presented
in the syllabus.

This element is variously represented in syllabi. In some syllabi the title and code of
the course is placed in the page header, in some cases, indicated by sub elements such as
"Title", or "Syllabus for". Figure 5 shows the example of page header.
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Figure 5: Page header example

Course title and code, from the viewpoint of HTML tags, in most cases is prescribed
in <title> tag and can be automatically extracted with PHP script. In the current project
for this purpose DOMDocument object was used, which is created to extract informa-
tion from HTML tags. DOMDocument object converts the HTML document located at
the input link in the document tree. And then using the getElementsByTagName() the
contents of the required tags is obtained. Figure 6 represents the statistics of the presence
of information about title and course code in the HTML tags.

Figure 6: Tags statistics

4.2.2 Results

We relate information about title and code of the course with element “Description” of
Dublin Core metadata element set. Extraction of such information from the 60 syllabi of
courses yielded the results are presenter on the Figure 7.

The experimental results show that proposed method to retrieve information about
course title and code using data extraction from HTML tag <title> gives a positive result
in 90% of cases. Failure in 10% of cases is due to the absence of such information in
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Figure 7: Tags statistics

the tag <title>. Moreover, in some cases the tag <title> contained a side text, such as
"Syllabus", "Syllabus for", "Course Syllabus", "Homepage", "Course Materials", punctua-
tion, or date information. To obtain the correct data side text was removed on a phase
of preprocessing (Appendix D.1). However, confident trend of presence of information
about the title and code of the course exists.

4.2.3 Evaluation

In considering the metadata element of Dublin Core "Description" have been proposed
information, by which this element can be filled. Since Dublin Core allows filling this
element with the free text as an alternative to use information about the title and code
of the course prescribed in the syllabus have been proposed. It was determined that the
relevant information contains in the HTML tag <title>. Extraction of information about
the title and code of the course from syllabus yielde positive results in 90% of cases. This
rate shows the stability and success of this method. However, some challenges have been
discovered during the extraction. The presence of a side-text in <title> tag requires the
setting of a word list of exceptions, which participates in preprocessing of the text of tag.
If the tag <title> contains only the text "Course syllabus", then after the removal of this
a side-text element "Description" will remain empty.

Nevertheless, the proposed method leads to correct automatic generation of meta-
data element "Description". This method ensures objectivity in filling the metadata field
"Description".

4.3 Element "Publisher"

According to Dublin Core element "Publisher" "includes a person, an organization, or a
service responsible for making the resource available." Thus, in the case of learning ob-
ject, in the element Publisher can be recorded information about the institution or service
providing the course to which the described learning object belongs. Using the previously
mentioned components of the syllabus can be concluded that the course syllabus include
the name of school, university, or department, which teaches a described course.
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4.3.1 Element Consideration

Next will be described in what form and how "Publisher" information can be presented
in the course syllabus.

From the viewpoint of analysis of HTML tags, the name of the school has no strict
trend and therefore need to find another way to extract this type of information using
text processing techniques. Visual detection shows that information about university may
be included in page header. During the consideration of course syllabi have been found a
list of key phrases that can be used in regular expressions in text processing. Have been
discovered the following key phrases: “University of”, “School of”, “College”, “Depart-
ment of”, and “Institute of”.

Although the use of regular expressions can give a good result, in our case for direct
retrieving of the name of the institution, we used the following approach: Since all syllabi
used for analysis are published on Internet and have URL (Uniform Resource Locator) we
have found a way to extract information about "Publisher" using web address of resource.
This approach reduces the cost of resources and reduce time to process information.

Figure 8: Publisher name extraction method

Figure 8 shows the workflow for retrieving the name of the institution responsible
for publishing of electronic documents. The essence of this process is following: take the
web address of the course syllabus and determine its host address, i.e. homepage of the
institution. Next, the program passes the address and extracts name of the institution
with using of DOMDocument object from HTML tag <title>.

In some cases the tag <title> contained a side text, such as "Home page", "Welcome
to", or punctuation. Thus, preprocessing should be involved. We used the same tech-
niques like in element "Description" case.

4.3.2 Results

Information about organization responsible for publishing the learning object we relate
with the element "Publisher" of Dublin Core metadata element set. The results of extrac-
tion of such information from the 60 course syllabi are presented on the Figure 9.

To extract information about the organization responsible for the publication of lear-
ning object method involving URL of the syllabus page is used. In 84% of cases the name
of the university, college, school or department was determined. Negative result in 12%
of cases associated with features of e-learning courses and organizations offering them.
Some organizations do not specify their name or specify but in an implicit form, which
requires more advanced approach.

4.3.3 Evaluation

In the case of learning object Dublin Core element "Publisher" it have been proposed to
fill by name of the organization within which was created and published these learning
object. It have been suggested to use the information located in the tag <title> from
home page of the organization. During the experiment the proposed method has shown
a positive result in 84% of cases. Negative result refers to cases where the course syllabus
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Figure 9: Results of Publisher extraction

is not presented in the domain of educational organizations, but on the home page of
the teacher.

Thus we can see that this approach is relevant for those cases where learning objects
are published within the institution and not relevant to private courses. Nevertheless, this
method of extracting information about the educational institution to fill the metadata
element "Publisher" is real and can be used for automatic generation.

4.4 Element "Creator"

According to the Dublin Core "Creator" is "an entity primarily responsible for making the
content of the resource. Examples of a Creator include a person, an organisation, or a
service ". Thus, to fill the fields "Creator" we need to find information relevant to person
that created the describing learning object.

4.4.1 Element Consideration

It is possible to assume that the creator of learning object is the head of the course. Pre-
viously described structure of the syllabus includes information about the course leader.
However, quite difficult to determine the case when learning object is created directly
by course instructor, and when the learning objects is created by leader of the guest lec-
tures and seminars or by a group of students. Moreover, we have previously described
the "LEGO" metaphor (Section 2.1)regarding learning objects. Under this approach, lear-
ning object can be built from combinations of small parts taken as the basis from already
existing learning objects created by different authors.

Thus, to accurately extract information about the author of learning object the course
syllabus cannot be used. But we can use the harvesting approach to extract information
about the author of learning object. In particular the Portable Document Format (PDF)
contains a set of key fields for storing metadata. In the case of disputed authorship of the
document key field "Author" will be used [61].

4.4.2 Results

Extraction of information about the author of 30 learning objects in our data set have
given the results shown in Figure 10.
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Figure 10: Harvesting of “Creator” information

4.4.3 Evaluation

Previously, it was considered that the course syllabus is not a source of correct informa-
tion about the creator of learning object. Therefore, the basis for generating the metadata
element "Creator" is proposed harvesting approach. The results of harvesting has shown
the presence of information about the author of learning object in 67% of cases, but
the reliability and correctness of this information is difficult to judge as it is impossible to
determine whether the information is provided manually or assigned by the system auto-
matically. Moreover, in the case of joint authorship may present the subjective opinion of
a person. In order to eliminate errors in the generation of information about authorship
we propose to apply manual input. Wrong indication of the author may raise legal issues
such as uncertainty in the allocation of rights and conditions of distribution of learning
objects.

4.5 Element "Contributor"

According to Dublin Core “Contributor” is “an entity responsible for making contributions
to the content of the resource. Examples of a Contributor include a person, an organi-
zation or a service.” The main difference between fields contributor and creator is that
the creator can publish, edit, delete his work, but all changes of contributor must be ap-
proved by creator. Role of contributor in lifecycle of learning object could be as follows:
changes in the content of learning object, filling in the fields of metadata to describe the
learning object, and publication of learning objects for public use and reuse. It is possible
to assume that these responsibilities can be performed by head of the course, at least
partially. Information about the course leader quite common for the structure of a typical
syllabus and can be used to fill the field "Contributor" of Dublin Core.

4.5.1 Element Consideration

During the consideration of syllabus content it was determined that information about
course leader may be indicated by the concepts: "Instructor", "Professor", or "Doctor".
Later these concepts will be used as keywords for regular expressions that will enable us
to extract information about leader of the course from the free text of syllabus.

Statistics shows that 88% of the considered syllabi contain a field indicating the in-
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Figure 11: Course leader information statistics

formation about course leader and 60% of them are often call this field as Instructor.
In addition to the name of course leader syllabus stated his personal contact informa-

tion. Necessary part of the contact information is e-mail of the person. From the stand-
point of presenting this information in HTML format e-mail address is written using
HTML tags <A> and attribute "mailto:". Extraction of this information will allow us to
link learning object with the head of the course.

Some schools also provide the teacher assistants; this information may also be use-
ful when filling the attribute "Contributor". Information about the teaching assistant is
denoted by the concepts: “Assistants” or “Teacher Assistants”. However during syllabi
analysis Course Assistant met less often (78% of the analyzed syllabi do not refer or do
not have a field Course Assistant). Therefore this information was excluded from further
consideration.

Figure 12: Course assistant information statistics
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Let’s summarize the methods to be used in the ongoing project to extract information
from the course syllabus for element "Contributor" of Dublin Core:

• By using specific keywords "Instructor", "Doctor", and "Professor", with using regular
expressions will be determined name and title of course head (Appendix D.2).

• If using regular expressions do not give a positive result then attribute "mailto:" of
HTML tag <A> will be used as an identifier for the head of the course (Appendix
D.3).

4.5.2 Results

Extraction of Course leader information from 60 course syllabi yielded the results repre-
sented on Figure 13

Figure 13: Results of ”Contributor” extraction

Previously, we identified the list of keywords ("Instructor", "Doctor", and "Professor")
that are relevant for use in extraction of information on the course leader using regular
expressions. It is also proposed to extract identifier of course leader by using his/her
email address. The experimental results show that in 84% of cases it is possible to extract
this information using proposed method. Failure to extract such information in 16% of
cases was due to lack of data in the course syllabus or ambiguous complicated way of
displaying this information on the HTML page of syllabus.

4.5.3 Evaluation

Was considered an element of Dublin Core “Contributor” and it was found that extraction
of information about the head of the course that relevant to filling this element can be
conducted by the proposed methods. We have identified a list of specifications keywords
to designate the head of the course, which are the most common for the majority the
existing syllabi. It was also proposed to use the e-mail of course leader as an identifier of
his or her person. Individually, these two methods do not always give certain results due
to the lack or difficulty of its extraction. However, the combination of these techniques
can improve accuracy and provide a more stable result.

In terms of automating the generation of metadata element "Contributor" we may

32



Automatic Generation of Metadata for Learning Objects

conclude that the use of course syllabus as a source of information for the generation
as well as application of the proposed methods, and its results are objective and fair.
Accordingly, the manual entry and human control are not required and element can be
generated automatically.

4.6 Element "Language"

Element "Language" of Dublin Core is defined as "language of electronic resource". In
the case of learning object language of instruction will allow the student as a user of
an electronic resource to better define how the resource is suitable for him to solve his
learning tasks. Also, the authors of new learning objects will be able to determine how
pre-existing educational information will be suitable for context of new learning objects
and prepared lecture.

4.6.1 Element Consideration

Consideration of the syllabus of courses has shown that some schools and universities
provide education on several languages. In this case they indicate what language is used
for course. Mostly this applies to non-english-speaking countries and schools working on
international programs, such as Norway, Finland, and Denmark.

4.6.2 Results

Visual cobsideration the language of the course in the structure of syllabus shown that
the language of instructions can be specified by using such concepts as "Language" or
"Language of instructions". The Figure 14 shows results on the visual consideration of
the course language.

Figure 14: Language information statistics

4.6.3 Evaluation

Visual consideration of the element to represent the language of the course from syllabus
among the data set shows that a small number of schools clearly indicates language of
course instructions. It would be desirable to note that the english-speaking countries do
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not indicate the language of instruction of the course in syllabus at all. To compile our
data set were mostly used course syllabus and learning objects belonging to them from
the english-speaking countries. This can cause low level of indications of language ins-
truction in the structure of the course syllabus. Thus, it is necessary to find techniques for
language identification. To do this is required to apply Language Identification from the
text of the learning object. The most popular approaches have been presented previously
in chapter Related Work.

Existing approaches can accurately determine the language of the text of an electronic
document. Accordingly, we can conclude that the automatic generation of the element
Language can be done automatically.

4.7 Elements "Coverage", "Title", and "Relation"

It is necessary to briefly mention why we consider elements "Coverage", "Title", and "Re-
lation" as conjunction. It was found that in the course syllabus more often, these three
elements form a single structure and the extraction of one element of the structure de-
pends on the remaining elements. More detailed definition of the elements of this triple
and review of the structure is presented below.

Element "Coverage" of Dublin Core includes an indication of spatial or temporal infor-
mation. In the case of learning object temporal information has the greatest importance.
Dublin Core defines temporal coverage as "temporal period (a period label, date, or date
range)". Using the temporal information will be helpful to take into account the chro-
nology of the publication of learning objects, which will allow both students as users of
resource together with the head of the course to relate a specific learning object with
lecture timeframe in which this learning object was used. However, another alternative,
which is not considered in this project to fill the element "Coverage" may be an indica-
tion of the historical period, to which the content of learning object corresponds (e.g. a
historical event or memorable date).

Element "Title" in Dublin Core is specified as "the name given to the resource. Typi-
cally, a Title will be a name by which the resource is formally known". We propose that
the name of the learning object can match with the topic under consideration at the lec-
ture. The structure of a typical syllabus in addition to the date of lecture involves the
topic of the lecture.

"Relation" information in Dublin Core specified as "a reference to a related resource".
The structure of the syllabus involves an indication of "supplementary reading" materials.
Thus, we propose that the reference information about links to electronic resources, re-
search articles, other textbooks, or related learning objects for particular learning object
is useful for students. Using such information, students can explore more deeply into
topic by reading related materials.

The typical structure of the course syllabus involves indication of lectures schedule.
Thus, it is necessary to determine how and in what form the temporal information, lec-
ture titles, and related materials may be present in the schedule area of syllabus and the
methods by which this information can be extracted.

4.7.1 Elements Consideration

After the consideration of HTML code of syllabi pages from our data set, we have iden-
tified some patterns in representation of temporal information, lecture title, and related
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materials:
One pattern that have been discovered during the consideration of 60 syllabi repre-

sented in form of HTML, is 3 formats of writing of temporal information: "WEEK #",
"MONTH", or date format "dd/mm/yy". Also applied reduction such as "Aug. 27". Later
these concepts will be used as keywords for regular expressions that will enable us to
extract information about chronology of publications from the free text of syllabus (Ap-
pendix D.5, Appendix D.6).

As mentioned earlier, temporal information, lecture title, and related materials in
most cases form a single structure of representation. The structure can be represented
as list, table, or sequence of paragraphs. Figure 15 shows “Temporal information, lecture
title, and related materials” representation statistics.

Figure 15: “Temporal information, lecture title, and related materials” representation statistics

During the consideration of course syllabi we found that the tabular presentation
of the structure "temporal information, lecture title, and related materials" may have a
different format. From the standpoint of analyzing of HTML tags, this structure is often
presented in the following ways (Figure 20, 21): A table is divided into rows (with the
<tr> tag), and each row is divided into data cells (with the <td> tag). <td> stands
for "table data," and holds the content of a data cell [62]. Extraction of information
from structure is carried out using DOMDocument object and processing using regular
expressions (Appendix D.4).

In the case of the representation of structure "temporal information, lecture title,
and related materials" in the list form the following patterns in HTML tags tree have
been met (Figure 22, 23): The <ul> tag defines an unordered list and the <ol> tag
is used to create an ordered list. The <li> tag defines a list item [62]. Extraction of
information from structure is carried out also using DOMDocument object and processing
using regular expressions.

Presentation of "temporal information, lecture title, and related materials" in the form
of free text causes the greatest difficulty because of its unstructured form. To extract
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Figure 16: Table structure example

Figure 17: Table tags structure examples
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Figure 18: List structure example

Figure 19: List tags structure examples
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Syllabus Extracted Data
1 Week Topic
2 Date Topic
3 Date Topic
4 Date Topic
5 Week Topic Reading
6 Date Topic Reading
7 Week Topic Reading
8 # Date Topic Reading
9 Week Date Topic Reading
10 Date Day Topic Reading
11 Week Date Topic Reading
12 Week Date Topic Reading
13 Date Day Topic Reading
14 Date Topic Reading
15 # Date Topic Reading
16 # Date Topic Reading
17 Date Topic Reading
18 Week Date Topic Reading

Table 2: Information extracted from the table view of the course schedule

information from free text paragraphs regular expressions are used.
On the other hand it is desirable to note that the Portable Document Format (PDF)

contains a key field for recording information about the title of the document. Using
the harvesting method, this information can be automatically extracted from the file
properties of the document.

4.7.2 Results

The structure "temporal information, lecture title, and related materials" consistent with
elements «Coverage», «Title», and «Relation» of Dublin Core metadata standard, respec-
tively. As described earlier, this structure in the course syllabus may be presented in three
forms: table, list, or sequence of paragraphs. Table 2 displays the data that was extracted
from the table view of the course schedule.

The results of extracting data from the table view schedule of the course show that in
all cases it is possible to extract temporal information and topic of the lecture.

In the case of list format representation extraction of structure "temporal informa-
tion, lecture title, and related materials" is failed. This result is due to the complicated
presentation of the structure in the list format.

Only 3 syllabi of 14 potentially suitable for the processing allowes extracting the
entire structure "temporal information, lecture title, and related materials" from free text
paragraph. The results of all 14 syllabi are presented on Table 3.

However, the use of regular expressions to extract data about temporal information,
lecture title, and related materials from free text paragraph gives a good result for the ex-
traction of each element of structure separately. In particular, information about the date
of the class have been obtained in 92% of cases, information about lecture topic in 78%
of cases. The greatest difficulty causes obtaining information about related materials.

The result of extraction of the structural elements from the 60 examined syllabi can
be summarized in Table 4.
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Syllabus Extracted Data
1 Date Topic
2 Date
3 Date Topic Reading
4 Date Reading
5 Date Topic
6 Date Topic Reading
7 Topic
8 Date Topic Reading
9 Date Topic
10 Date Topic
11 Date Topic
12 Date Reading
13 Date Topic
14 Date Topic

Table 3: Information extracted from the free text paragraphs of the course schedule

Temporal information Topic Reading
Table 18 18 14
List 0 0 0
Paragraph 13 11 5

31 29 19
52% 48% 32%

Table 4: Summed results

The use of harvesting methods to extract information about the title of the document
from the 30 PDF lecture notes gave the results shown in the Figure 20. Information
prescribed in the title property of the PDF document have been found in 20 analyzed
learning objects. In some cases, the title information have been listed incorrectly or have
not corresponded to the actual topic of learning object. For example, have been met such
values as "Ingen lysbildetittel" ("no slide title").

Figure 20: Harvesting results of field Title
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4.7.3 Evaluation

Considering the course syllabus, we concluded that the information for filling the "Co-
verage", "Title", and "Relation" Dublin Core elements, in most cases is represented as a
single structure. We determined common formats for these structures. Considering the
results of extraction of relevant information for these elements, we can conclude that the
elements "Coverage" and "Title" have an average result. For element "Relation" result was
quite low.

Some difficulties to correctly extract the data have been met. Firstly, the main pro-
blem that preventes the extraction of data is nonuniformity of HTML pages in sense that
one page can include more than one table. Moreover, the tables themselves do not have
uniform structure. For example, the table may contain a different number of columns or
the table has a complicated structure. Also, the extraction of information about related
resources for specific lecture shows some potential. However, consideration of the struc-
ture "temporal information, lecture title, and related materials" as a single entity does
not always give a positive result. The absence of one element of the structure may effects
negatively on the extraction results.

Also some difficulties have been met during processing of information in the list form
of representation. In particular, the format of the lists has nonuniform presentation. In
some cases, the list can be represented as a sequence of elements (1 / 2 / 3), in some
cases, the list can be represented as a sequence of elements, together with sub elements
(1 / 1.1 / 1.2 / 2 / 2.1 / 2.2 / 3 / 4).

To extract the structure "temporal information, lecture title, and related materials"
from the sequence of paragraphs has been applied text processing. Our experiment
showes that the extraction of required information from free text paragraph does not
have confident results.

To some extent it is possible to use the information provided in the syllabus for the
automatic generation of elements "Coverage", "Title", and "Relation" of Dublin Core. Ho-
wever, since this information is often presented in a large volume without linking to
a specific learning object, it requires a manual indication of one from the elements on
which the system can generate and suggest the remaining elements. For example, a user
can manually select the corresponding week of the chronology of learning object. Based
on input system will extract the relevant information from syllabus about the topic of
learning object and related reading materials.

On the other hand harvesting approach for generation of Dublin Core element "Title"
for learning object have been considered. It was observed that the information recorded
in the file properties does not always correspond to reality, and correctly displays the
contents of the resource. In this case, the information is not actual. Since the system can
not automatically check the correctness of the information harvested, it is impossible to
use this method in an automatic mode.

4.8 Element "Date"

Element “Date” in Dublin Core is defined as "a point or period of time associated with an
event in the lifecycle of the resource".
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4.8.1 Element Consideration

According to the description of PDF format date information is described as "The date
the document was created or most recently modified in human-readable form". Moreover,
depending on the version of the system information about last modification is mandatory.
The system can automatically fill field "Date".

Syllabus of the course is not intended to indicate information about the date of last
modification of learning object. Therefore, for extraction of information about the date of
last modification of the electronic document harvesting approach have been used, which
gives 100% of correct result. Thus, the filling of element "Date" of Dublin Core element
set can be fully automated.

4.9 Element "Format"

“Format” element in Dublin Core is defined as "a file format, physical medium, or dimen-
sions of the resource" and as well as the date is often stated in the file properties.

4.9.1 Element Consideration

Essentially format is a file structure that determines how to store it and display on screen
or in print. The file format is usually indicated in its name as part separated by point
[63]. Moreover, for the description of the file format in the implicit form is a widely used
method that is common for UNIX-like operating systems. The sense of this method is
to save in the file itself a kind of "magic number" (signature) - the character sequence
by which can be identified the file format [64]. In some cases, during the publication
in the course syllabus for the learning object is indicated the file format. For example
"PDF/PPT". However, the use of harvesting approach for extracting information about
the format of the electronic document does not require analytics and will be spent fewer
computational resources. Moreover harvesting approach gives 100% correct results in
extracting information stored by the system during file saving. Thus, the generation of
Dublin Core element "Format" can be completely automated.

4.10 Element "Type"

Element “Type” in Dublin Core is defined as "the nature or genre of the content of the
resource”.

4.10.1 Element Consideration

The concept of learning object does not imply the use of any one type of resource. Wiley
in [3] defines a learning object as "digital resource that can be reused to support learning
be it large or small". Thus, the type of learning object can be images, live or prerecorded
audio or video, text files, and small web applications.

The DCMI Type Vocabulary provides a list of terms to specify the value of the genre of
electronic resource [65]. According to this document with the concept of learning object
the following terms can be assigned:

• Dataset - that includes lists, tables, and databases;

• Image - that is a visual representation of images and photographs of physical ob-
jects, paintings, prints, drawings, other images and graphics, animations and moving
pictures, film, diagrams, maps, musical notation.
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• Interactive Resource - which requires direct user interaction for a more detailed study
(Web pages, applets).

• Sound – that is a resource primarily intended to be heard including music and recor-
ded speech or sounds.

• Text – that is a resource consisting primarily of words for reading.

However, Dublin Core does not limit the indication the type of document by terms
presented above and allows the use of free text. In this project we restrict ourselves by
consideration of one of the most popular types of learning object - lecture notes in a
slide presentation. Lecture notes can be represented as a combination of different types
of objects. Therefore, it is quite difficult to determine the components of the learning
object. Thus, it is logically to offer the user specify the type of learning object manually.

4.11 Element "Identifier"

Element “Identifier” in Dublin Core is defined as “an unambiguous reference to the re-
source within a given context. Example of formal identification systems include the Uni-
form Resource Identifier (URI) including the Uniform Resource Locator (URL)”.

4.11.1 Element Consideration

If to refer this description to learning object, then the URL of published resource will be
generated only after its placement in a physical store. The process of assigning of URL
for electronic resource is completely automated and performs directly by Learning Object
Management System. Specifying the physical address of the system gives 100% of unique
resource identification.

4.12 Element "Source"

Element “Source” in Dublin Core is defined as “a Reference to a resource from which
the present resource is derived. The present resource may be derived from the Source
resource in whole or part”.

4.12.1 Element Consideration

In the case of learning object is quite easy to confuse Sourse and Relation information.
It is known that most teachers base their lecture on some relevant textbooks. During
planning of the classes, in some cases, the head of the course relates the topic of the
lecture with chapters or pages of basic literature. The structure of a typical syllabus is
intended to include information about literature, on which a course based. Thus, we
need to determine in what form such information is represented in the structure of the
syllabus and what method can be used for its extraction.

In syllabus Basic literature is marked with the following concepts: Textbook (s), Re-
quired text, Reading, Required materials, Reading list, Course book, Course materials,
References, Reference material, Teaching materials, etc. In some cases, the list of ba-
sic literature indicates International Standard Book Number (ISBN), which serves as an
identifier of the book.

Thus, having keywords "Textbook", "Text", "Book", "ISBN", and "Reading" will be ex-
tracted information about course basic literature with using regular expressions (Appen-
dix D.7).

42



Automatic Generation of Metadata for Learning Objects

4.12.2 Results

Review of the syllabus from our data set shows that 86% from 90 analyzed syllabi
contains the basic course materials information.

The process of information extraction about the basic literature from 60 syllabi of the
course presented in HTML form gives the results shown in the Figure 21.

Figure 21: Extraction of basic literature information results

Failure in 55% of cases related with providing information about basic textbooks with
complicated structures or no indication.

4.12.3 Evaluation

Considering the syllabus of the course has been found information about the basic text-
books in 86% of cases. But because of the unstructured and non-standardized format of
the syllabus, and also because of the lack of this information, automatic generation of
Dublin Core element "Source" has a fairly low rate of 45%. Also the problem of accurately
determining the source for a specific learning object have been met. For example, not all
of indicated in the syllabus sources can be the basis for particular learning object. In this
case, specifying of all sources would be redundant. However, the rate of 45% shows that
there is a potential to extract information about the sources. Information extracted from
syllabus may be offered to the user for correction or confirmation.

4.13 Element "Rights"

In Dublin Core element “Rights” is described as “information about rights held in and
over the resource. Typically a Rights element will contain a rights management statement
for the resource, or reference a service providing such information. Rights information
often encompasses Intellectual Property Rights (IPR), Copyright, and various Property
Rights”.

4.13.1 Discussion

Using a variety of "copyleft" license is a flexible way of specifying the rights to use intel-
lectual property. In most cases, this process requires manually specifying the conditions
under which the learning object is available publicly. Only Creative Commons imply en-
coding information about licenses in machine readable form. However, during the work
we have met only one syllabus defines the Creative Commons license. This issue was
excluded from further consideration due to the rare use. The use of copyleft licenses may
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be subject to further work.
Previously described structure of a typical syllabus is not intended to indicate rights

for ownership and distribution of learning objects. In related works (Section 2.10) we
have concluded that in the case of learning object in copyrights information an iden-
tificator of a direct author or group of authors of learning object can be written. On
the other hand if the learning object is created as part of employment, then the author-
ship belongs to the employing organization. In this case the copyrights information may
contain information about the organization. However, automatic extraction of informa-
tion about the author of object from course syllabus or from properties of the electronic
document in order to avoid errors requires control from a human side. Also found that
information about the publishing organization has a good potential for automatic extrac-
tion from course syllabus. Thus, indication of the owner rights to the use and distribution
of learning object can be realized automatically with an indication of the responsible or-
ganization.

Must be said that currently there is no definitive mechanism for copyright manage-
ment. Protecting the rights of authorship in e-learning is a sensitive issue especially in
cases of commercial and monetisation use of resources.

4.14 Element "Subject"

In Dublin Core element “Subjects” is defined as “the topic of the content of the re-
source. Typically, a Subject will be expressed as keywords or key phrases or classification
codes that describe the topic of the resource”. Dublin Core practice recommends the "use
unique words for keywords". Thus there is the need to find a technique to detect the most
relevant keywords for display the essence of the content of electronic documents.

4.14.1 Discussion

During consideration of syllabus of courses has not been met a source for the extraction
of keywords related to a specific learning object. The use of harvesting approach allows to
extract keywords predefined to e-learning object on the phase of creation. PDF contains a
set of key fields for storing metadata. In the case of specifying keywords for the document
this field will be "Keywords". However, this process involves human participation and as
a consequence the subjective opinions of the person.

On the other hand Section2.6.5 of this project describes the most popular basic ap-
proaches for extracting the keywords from the text of electronic document. Described
methods include preprocessing of the text document to remove the noise words, and fur-
ther mathematical processing. The method for comparing words from the text electronic
document with WordNet dictionary have been also described. These approaches have
been proved and can achieve high accuracy in determining the keywords from the text
of document that allows to fully automate these processes. Improving the accuracy of
keywords extraction from the text of document can be viewed as a future work for this
project.
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5 Methods Testing

In this part of experiment we test the application of methods defined in the first part of
the experiment. The meaning of the experiment is to check how many metadata records
of Dublin Core can be automatically filled by using proposed methods per learning object.
After the experiment based on the results we will be able to discuss the quality of gene-
rated information and discuss the applicability of the methods for automatic generation
of metadata for learning objects.

5.1 Data Set

In this part of the experiment as data set have been used 10 learning objects belonging
to different courses in 10 different schools. Chosen course syllabi have a structure and
content that is most similar to the typical syllabus specified in Section 2.6.1. We have set
these limitations because of the timeframe of the project. Links to learning objects have
been attached inside the body of syllabus. It is important to emphasize that the study is
not bound to a single course or school.

5.2 Limitations

Limitation to have only 10 learning objects is due to fact that during the compiling of
our data set, we met some difficulties to find a freely published syllabus, which contain
direct links to learning objects in its body and access to these learning objects is open.

As determined in the previous part of the experiment, a small number of course syl-
labi previously considered inherent the presence of indications of language of course
instructions. But existing approaches allow detecting the language of document with
high accuracy. In this regard, we are not considering the language detection in our study.
Also previously found that harvesting approach involves the use of human generated
information while extracting the key words in the document. Our goal is to eliminate
the subjective influence of the person on the metadata generation. Previously have been
described approaches to automate the process of extracting the keywords from the text
of document. We do not consider the automatic generation of the element "Subject" of
Dublin Core.

5.3 Prototype

To obtain results on how much metadata records of Dublin Core can be automatically
filled per learning object, have been applied rules and methods set out in the first part
of the experiment. Table 5 shows used methods. In this table A - fully automatic, SA -
semiautomatic, M - manul.

For the experiment has been implemented software prototype combining all of esta-
blished rules, and which allows to simulate the publication of learning object and the
automatic generation of metadata. Since for the automatic generation of metadata is
used the course syllabus and learning object, then the prototype should allow obtaining
of learning object and syllabus as input, as well as an analysis of loaded information.
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Dublin Core Element Resource for Generation Extent of Auto-
matisation

Description Extraction from HTML tag A
Publisher Extraction from HTML tag A
Creator - M
Contributor Text processing using defined keywords and

extraction from HTML tag
A

Coverage Extraction from HTML tag SA
Title Extraction from HTML tag SA
Relation Extraction from HTML tag SA
Date Harvesting A
Type - M
Identifier Using physical location of LO A
Source Text processing using defined keywords SA
Rights Extraction from HTML tag SA
Format Harvesting A

Table 5: Applied methods

As we have explained in the first part of the experiment, some metadata elements
may require manual input or control and correction from the person. Figure 22 shows
the concept of generation process.

In the first part of the experiment, we have found that these elements metadata Dublin
Core as Description, Publisher, Contributor, Date, Identifier, and Format can be generated
in an automatic manner and do not require manual input and control. In this part of the
experiment we will verify this assumption.

Elements Coverage, Title, Relation require the control of the person and the choice of
one of the elements of the triple require confirmation from the person on the basis of the
provided information. The process of filling the fields of metadata can be implemented
through the following steps:

• Step1 : The system allocates the structure in the course syllabus, which contains
information corresponding to the structure “temporal information, lecture title, and
related materials”.

• Step 2: The system offers the user to select the extracted data about temporal infor-
mation.

• Step 3: The user selects the temporal information value.

• Step 4: Based on the selected data the system finds the relevant information on the
lecture title and related materials and offers to user.

• Step 5: User accepts offered information or corrects it.

In the case of the element Source information can be extracted from the syllabus,
but as shows the results of the first part of the experiment, it is difficult to identify
automatically with high accuracy the source to build a learning object. Thus, extracted
information about the basic course literature may be offered to user for confirmation or
correction.
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Figure 22: The concept of generation process

Figure 23: User interface example
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Regarding information to fill the Rights element have been proposed to use the data
about course instructor or organization responsible for the publication of learning object.
Uncertainty with this element of metadata can be solved by offering information to the
user for confirmation or correction.

Remaining fields of metadata Creator and Type require manual input. Our prototype
provides an opportunity to fill these fields.

5.4 Results

In the current part of the experiment, we have tested whether the previously proposed
methods will be weighty for the generation of Dublin Core metadata elements for lear-
ning objects. During the experiment, have been obtained results showing the number of
metadata records that can be generated automatically per learning object. Table 9 from
appendices displays the results. Further with these results, we can conclude the quality
of value of generated metadata records and the applicability of the proposed methods
and sources for the automatic generation of metadata for learning objects.

5.5 Metadata Quality Evaluation

In chapter Related Work (Section 2.8) were considered metrics assess the quality of au-
tomatically generated metadata. We apply these metrics to evaluate the quality of ob-
tained results. Assessment of quality will allow making conclusion about how well the
previously proposed methods work. It also will help set the nuances that affect on one or
other quality parameter.

Completeness estimates the degree of fullness of all elements from metadata scheme.
Thus will be applied binary value indicating whether the scheme is "complete" or "not
complete".

The proposed methods for the automatic extraction of information from the syllabus
and the file properties confirm their applicability as shown good results with respect
to elements Description, Publisher, Contributor, Date, Identifier, and Format. Elements
requiring control of the user Coverage and Title also demonstrate certain potential for
extraction. In rare cases, the generation of items Relation and Source was succeeding.
This is due to the fact that all the additional information about relater resources in the
structure of the syllabus is presented in a complex form and is not presented in a unified
form, or may often be absent. As information to fill the Rights element we propose to use
information about a service or organization responsible for the publication of learning
object. There is good potential to fill Rights element by this information, but control of
the user must be present. However, the results show that the entire set of these metadata
elements in this part of the experiment failed to generate. On average, for each learning
object cannot be generated three metadata records. We were unable to gain access to
certain learning objects due to need to undergo the procedure of authorization. This
also affected the results. Thus we can conclude that the proposed methods for metadata
generation for learning objects did not give in result a complete metadata schema.

Correctness reflects the degree of correctness of metadata fields values used to des-
cribe the learning object. To assess the correctness of obtained metadata records, we
introduce a scale, which includes three values. "Not correct values" involve the empty
field values and the values do not correspond to the desired value. "Requires manual
correction" include information that contains redundant or insufficient information. "Ac-
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ceptably correct" includes information that contains minimum of information to fill the
field. For example for these values, we include "INSL 582_001" indicating only the course
code, or only the week number value "WEEK 4" for the temporal coverage.

Figure 24 shows the results of correctness criteria evaluation of generated values.

Figure 24: Correctness criteria evaluation

The results of assessing the quality of metadata generated using the proposed me-
thods show good potential in almost all cases, except elements Relation and Source.
Information extracted from the syllabus of courses and harvested from the file proper-
ties, in most cases is correct and can be used to describe the learning object. However,
non-structured syllabus structure makes it difficult to extract the target information.

Logical Consistency defines extent to which the generated values recorded in the
metadata fields consistent with the purpose of these fields. In our case as metadata
schema was used Dublin Core element set. We based our argumentation on the appli-
cability of particular information source for generation based on definition of elements
of the scheme prescribed in the specification Dublin Core. Thus, we suppose that ge-
nerated metadata values are consistent with their purpose and logically appropriate for
describing of learning object.

Provenance reflects reputation of resources for the automatic generation of meta-
data. In our case, we used two sources for generation - the course syllabus and harves-
table information. As described earlier, the course syllabus does not have a unified struc-
ture. But a number of rules for information extraction from syllabus have been identified.
However, there may exist cases where these rules do not work. Thus we can conclude
that the information extracted from the syllabus has not the highest reputation. On the
other hand, harvestable information specified automatically by the system and the system
is clearly fixes all changes. Thus harvestable information will have a higher reputation
than the information extracted from the syllabus. But do not exclude the fact that some
elements of the scheme are generated under the control of the person and allow manual
correction. In this case view at the reputation of the source may vary and depend on user
preferences.
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Conformance to Expectations defines the level of significance of the terms used
to describe the resource and reflects the applicability of these terms to the search and
integration of electronic resources. Since this project does not use a survey and expert
opinion to establish a correspondence between the retrieved information and elements
of Dublin Core, then all the judgments are based only on a description of the elements
in the Dublin Core specification.Further considerations are based on the classification of
Dublin Core elements which presented in Table 1 Section 2.4.2.

Elements of Content class allow providing of convenient and accurate search of rele-
vant information among a large volume of accumulated data. Moreover, there is potential
for connection of several learning objects together or with other relevant materials.

• To fill field Coverage have been proposed to use information from the course sylla-
bus, which corresponds to the chronology of the classes. This temporal information
facilitates search for correlating the requested resource with timeframes.

• To fill field Description was proposed to use the information about the code and
course title. This information can relate learning objects with those courses of study
in which they were used.

• To fill field Relation have been proposed to use information about relevant resources
for a particular learning object. The presence of such information will allow users
of learning objects to deepen their knowledge in the study subject, as well authors
of learning objects to expand range of offered educational materials. To increase the
level of conformity of generated information have been proposed to use human su-
pervision.

• Element Source was proposed to fill by information about the basic course literature.
The presence of such information will allow users and creators of learning objects
navigate in the sources of the information provided in the content of learning object.
To increase the level of conformity of generated information have been proposed to
use human supervision.

• Element Title was proposed to fill by information about the topic of ongoing classes.
The presence of such information will allow improve the findability of learning object.

Elements of the class Intellectual Property allows you to specify persons who partici-
pated in the creation of learning object, specify the persons responsible for the content
distribution, and determine the conditions under which learning object can be used.

• To fill the field Contributor have been proposed to use the information about persons
who, to some extent involved in the creation of learning object. No doubt these per-
sonas can be leaders of the courses. The presence of such information allows setting
of those people whose contribution is present in an learning object.

• To fill the field Publisher have been proposed to use information about the orga-
nization or service responsible for the publication of learning object. This type of
information will allow determine within which organization issued certain learning
object and who has the right to use it. It is also proposed to use such information for
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fields Rights. But this information can only be offered to the user for confirmation
and correction, or also may be supplemented with additional information about the
license under which the learning content is distributed.

Element class Instantiation allows to indicate the physical properties of learning ob-
ject.

• Element Date was proposed to fill by the last modification date of object. The presence
of such information allows to navigate in the versions and editions of learning object.

• Element Identifier indicates the physical location of the resource in the repository.
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6 Discussion

6.1 Syllabus Benefits

We have considered the course syllabus in this master thesis. Syllabus is examined from
the standpoint of its use as a source of information for the automatic generation of me-
tadata for learning objects.

In section 2.6.1 it has been stated that the construction of syllabus is the first step in
the course planning. Thus the syllabus is an essential part of the course and any course
is necessarily represented by the syllabus, regardless of format, from paper format or
publishing the electronic version in network.

Syllabus is designed by educator and must fully represent the important details of
the course. To some extent, the course syllabus motivates learners to study the proposed
course pointing out what skills he / she must have and can get on successful completion
of the study. Moreover during learning, syllabus is a guide for the student. Syllabus desi-
gner puts a lot of effort to build a high-quality syllabus and present accurate information
about the course.

During the work on the project, it has been found that syllabus includes a wide range
of information to describe the course from different angles. We have found that a typical
syllabus includes an indication of course information, such as the title of the course,
on the basis of which school course is taught; Instructor information, such as identifiers
of persons responsible for the course. Other important part is the Course calendar, i.e.
presentation of activities plan with dates and correct topic of lectures. Moreover, it has
been described that syllabus is closely linked with educational materials provided as part
of the course. For specific lecture topic the relevant educational materials are selected
and published. This may be direct learning objects or other reading materials.

In this project, the course syllabus primarily is examined in terms of its applicability
for the automatic generation of metadata for learning objects. Dublin Core Metadata
Element Set has been selected as a metadata schema for the current project. We have
drawn an analogy between the information from the fields of the course syllabus and
the elements of Dublin Core, based on the definition of the purpose of the element from
the vocabulary. After a series of experiments to extract information from the syllabus,
we have obtained results which show that the syllabus of the course has the potential to
be a source for filling in the Dublin Core metadata schema. Thus, for example based on
the classification in Table.5, Course information, Information about reading materials,
and Course calendar may be relevant to fill Content elements of Dublin Core. Instructor
information from syllabus can be used to fill Intellectual property fields of Dublin Core
Metadata Element Set.

6.2 Syllabus Challenges

Considering the course syllabus regarding the automatic generation of metadata, we
have encountered several problems, which may affect on the successful retrieval of in-
formation from the body of syllabus.
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It has been found that the course syllabus may be published in various electronic for-
mats such as text-based formats, for instance PDF, DOC, etc. In other cases, the syllabus
is published in HTML format. Ambiguity publication requires different approaches and
tools for processing of information. For example, the text presentation format requires
text processing, and syllabus in HTML format may require a combination of text proces-
sing and tag parsing approaches.

In Section 2.6.1 the typical components of the syllabus are presented. However, there
is no single standard of syllabus representation. As has been figured out, various universi-
ties and even different courses offered in these universities may have differently designed
syllabus. Denoted earlier components of syllabus are not obligatory and their presence
depends on the preferences of the designer. From the perspective of using the course
syllabus for the automatic generation of metadata, the nonuniformity of information in
the syllabus makes it impossible to fill completely all elements of metadata scheme.

While working on the current project, another significant drawback of syllabus has
been revealed, namely the unstructured representation of information. Separate parts
of content for the syllabus of different universities and even different courses of one
university are presented in various forms. For example, as we had defined previously,
information in course calendar may be represented by three different formats: table, list,
and free text. Moreover, the representation of one format, such as tables, can have a
mixed structure, namely a different number of columns and merged cells. This problem
complicates the extraction of information from the body of syllabus and may lead to
incorrect filling of metadata scheme.

Each of the identified problems can significantly complicate the extraction of infor-
mation, but usually these problems are combined in the syllabus.

6.3 How to Avoid or Improve Challenges

The presence of problems of ambiguity in the structure, form and publication of curricu-
lum information, require the most rational solutions. Described in Section 2.6.2 Course
Description Metadata (CDM) is intended to solve these problems. According to the goals
of CDM project, metadata make it easier to describe the education course, set a cer-
tain standard for describing the education course, and allow the exchange of descriptive
information about the education course for diverse applications.

As mentioned earlier, CDM provides a rich set of elements to describe the wide and
narrow parts of the course, defines the semantics and structure of these elements. Any
course can be presented in a structured form with elements of CDM. In terms of extrac-
tion of information from the course syllabus, the structuredness is a huge plus and makes
the processing and determination of the required elements of the syllabus in a straight-
forward process. However, CDM is not a standard for the direct description of learning
objects. Thus, for the realization of the idea of using a structured syllabus as a source of
metadata for learning objects it must be installed some kind of analogy between the ele-
ments of CDM and Dublin Core in our case. Next, we discuss the possibility of mapping
the elements of Course Description Metadata in Dublin Core Element Set. The analogy is
based on the description of each element in the specifications.
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6.3.1 Analogy between Course Description Metadata and Dublin Core

The CDM specification contains an element orgUnitName to describe the organization
that produces educational activity. Moreover, the elements webLink and contacts are able
to extend information about the educational institution. Relevant element of Dublin Core
is Publisher, which also allows specifying the organization responsible for the publication
of learning objects.

The CDM specification includes elements courseName and courseCode for describing
information about the course title and to indicate the course code, respectively. In this
case the relevant element of Dublin Core Description can be filled by sequence courseCo-
de/courseName and allows the use of free text to fill this element.

Elements of CDM specification name, title, and role describe person responsible for
course maintaining. Relevant elements of Dublin Core Contributor may be filled with a
sequence “Professor / Name / Surname”. Having information about the role of the person
in the educational process (for example Course leader or Course Assistant) is possible to
make a conclusion about its authorship or contribution to the process of learning object
creation.

Element instructionLanguage of CDM specification describes the language of the course
and relevant to element Language from Dublin Core.

The CDM specification contains element syllabus as "Information on syllabus, ex books
/ literature prescribed for study" [36]. This element contains information about litera-
ture on which the course is based. In this case, the Dublin Core element Source is relevant
to syllabus element of CDM. In case when syllabus element is listed as sub element of ele-
ment timetable (described below) of CDM scheme then it may contain information about
literature appropriate to the described lectures and will be relevant to element Relation
of Dublin Core.

timetableElement of CDM specification contains information on the ongoing lecture,
its topic and description. In our case timetableElement can be used to fill element Title
of Dublin Core.

Indicate the chronology of teaching activities in the CDM specification is possible
by elements containing the actual date value: CDMdate. The specification includes an
indication of start date and completion date of activity. Relevant element of Dublin Core
is Coverage.

The Table 6presents results of an analogy between the elements of CDM specifications
and elements of the Dublin Core Metadata Element Set.

It is desirable to note the fact that the majority of Dublin Core elements may be
represented by combinations of CDM elements. For example element Contributor can be
represented by a sequence "name/title/role”.

At the current stage of the project we can bring a direct example of how the course
information can be presented in a structured manner using elements of CDM specifica-
tion listed above. As example we used the syllabus of “IMT4931 Semantic Web” course,
which is taught at the Gjøvik University College (Høgskolen i Gjøvik). The course sylla-
bus consists of two parts: The first is the so-called "Student handbook" contains general
information about the course, such as Expected learning outcomes, Form of Assessment,
Language of instruction, Course responsibility, Teaching Materials (Textbook), and etc.
The second part is a direct lecture schedule indicating topics and additional related litera-
ture. We joined these two parts and transform them into XML tree format using elements
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CDM Element Dublin Core Element
Organisation Unit: Publisher

orgUnitName
webLink
contacts

Course Unit: Description
courseName
courseCode

Course Unit: Language
instructionLanguage

Course Unit: Title
timetableElement

Course Unit: Source/Relation
syllabus

Person: Contributor
name
title
role

singleEvent: Coverage
start

CDMdate
end

CDMdate

Table 6: Analogy between CDM and DC

of the CDM specification.
Figure 25 shows only those fields of syllabus, which may have contribution to the

automation of metadata generation for learning objects. Without doubt, this scheme can
be extended by other necessary elements of syllabus.

One the one hand, latest release of CDM scheme has a well-combined set of elements
describing the university, course and learning activities. Moreover, Course Description
Metadata has a structured form and thanks to representation in interoperable format
XML allows to access individual nodes of XML tree, to share information between dif-
ferent applications, and is understandable to humans. Complete filling of elements of
CDM scheme describing the course, the strict relationship between these elements and
standardized presentation of results in XML format could lead to a minimal human in-
volvement in the information extraction process from a structured syllabus and improve
the accuracy of the extracted information.

But on the other hand, the small numbers of institutions are aware of the existence
and benefits of a structured syllabus, and less of implementing this approach in practice.
The introduction of new technologies in any process, including education, there is a
painful process that requires rethinking of the vision on the problem and presence of
special skills.

6.4 Harvesting Issues

In the course of the project it has been found that not all elements of Dublin Core can be
filled with information extracted from the course syllabus. For some elements it is sug-
gested to apply the harvestable information, directly related to the file. The results of the
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Figure 25: IMT4931 Semantic Web in CDM format (Partly)

experiments shows that harvested information with confidence can be used to describe
the physical properties of the learning object, which will allow tracking modifications
over the life cycle.

However, in the case of information suitable for describing the content or the contri-
bution of a person in the creation of learning object harvestable information causes some
difficulties. For example, fields such as Title or Keywords cannot be filled automatically
by the system and require the participation of the person, which in turn implies the sub-
jectivity of information. Moreover, for example, the chosen for consideration the specifi-
cation of PDF specifies that all fields storing metadata are optional. In this case, there is
no strict mechanism for filling the fields, and each author of learning object itself defines
the required set of fields. Thus, completeness of scheme also depends on the individual’s
participation in the process of metadata generation. Another problem discovered during
work with harvestable information is that important field, adequate for searching, filled
with values, which in fact are not correct and is not relevant. Also may present some
confusing values containing inappropriate characters. Another problem associated with
metadata harvesting is an inconsistency of schemes. For example the metadata scheme
of PDF format and Dublin Core require the establishment of certain rules in the transi-
tion from one scheme to another. But these rules can vary from scheme to scheme and
from a specific element to element. This ambiguity may complicate interoperability in
the transmission and storage of information.

Thus, we note that the harvestable information is suitable and can be used only to
describe Instantiation element category of Dublin Core and is of little use to specify the
Content and Intellectual Property fields. While on the other hand, in an ideal situation,
while respecting the rules harvestable information should be sufficient for a minimum
description of learning objects that will enhance searchability of resource in the reposi-
tory.
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6.5 Whether Automatic Metadata Generation Fixes Human Errors

Based on the article [1], in which Cory Doctorow identify barriers to the creation and
use of reliable metadata, we can discuss to what extent proposed in this project methods
can minimize the negative effects of human intervention.

In describing the learning object human participation can cause a committing of gram-
matical and other kinds of mistakes that reduce the quality of descriptive information that
leads to a reduction of searchability and reusability of the object. Automatic generation
requires a high-quality and accurate specifying of information stored in resources for the
generation of metadata. We cannot say with absolute certainty that the resources for the
generation would not be exposed to human error, but a minimal user interaction and the
choice of the provided information will reduce the potential harm.

There is no single way to describe an object, i.e. the subjective opinion and following
to personal habits also affects when creating metadata. Two persons may have different
visions of the same subject, respectively; the metadata created by one person may not
correspond to request entered into the search bar the other person. Such resource for
generating metadata as course syllabus is created once and does not change over time;
it must conform to the actual description and objectives of the course that is assumed
in education regularities. Moreover, harvestable information specified for describing the
physical properties of the learning object does not involve human intervention and ob-
jectively generated by the system. Thus, automatic generation of metadata using the
proposed resources can significantly reduce the ambiguity in describing the learning ob-
ject.

Intentionally giving false information to promote the content can also be solved by
using the proposed methods. In cases where the user does not have an opportunity to
correct the information, but only selected from the set of values, the negative impact can
be reduced to a minimum.

Another barrier is human laziness, forcing producer to keep some metadata schema
fields blank. In this case, the automatic generation takes much of the work itself. User
does not need to make much effort to choose, to accept, or not agree with proposed
variants for the values of metadata fields.

However, knowing about the existing opportunities to use metadata to provide wider
and easier access to published resources, people do not enjoy it. It is necessary to find
mechanisms capable of motivating the person to fill at least a minimum set of metadata
elements for later reuse of the object. In the current project was proposed to use the
Dublin Core Metadata Element Set consisting of fifteen values of the vocabulary. Compa-
ring Dublin Core to describe the objects in any form, whether electronic or not electronic,
with specially developed for the description of learning objects LOM Standard which re-
present the vocabulary of more than 50 fields, it can be said that a minimum set of Dublin
Core is more beneficial and less frightening for the author of metadata, and provides the
most adequate field corresponding for the search of object.

6.6 Generalization of Proposed Methods

Basically, this project was focused on the metadata generation for learning objects pro-
vided in the form of PDF lecture slides. However, as shown by the experimental results
and conclusions obtained on the basis of these results, the proposed methods can be
confidently used to describe learning objects in other formats. The proposed methods do
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not involve the direct use of learning object content and use only the context in which it
appears. We used information extracted from the course syllabus to generate metadata
elements from "Content" and "Intellectual Property Rights" classes. Harvestable metadata
is used only to describe the physical properties of the learning object. Thus, there are no
serious barriers to the implementation of the proposed methods to describe for example
video or audio recorded during the lectures.

Moreover, proposed in this project methods can be applied not only to generate the
metadata. These methods do not assume the obligatory binding to the certain learning
object. In particular, the identified elements of syllabus and techniques for their extrac-
tion can be used for further processing of syllabus and automatic representation it in a
hierarchical fashion.

6.7 Criticism of Chosen Methodology

The efforts in this project can be viewed with a critical position. In this project as a
resource for metadata generation for learning objects is proposed to use curriculum in-
formation provided in the form of the course syllabus, to which the described learning
object relates, and harvestable metadata embed directly in file. Extracted information
from these resources, we propose to use to fill elements of Dublin Core metadata set.
However, although the analogy and correspondence between the generated information
and metadata elements is based on the Dublin Core specification, subjective judgments
of authors of current project cannot be excluded. Our views was based only on own expe-
rience and knowledge, due to absence of similar work in the relevant scientific literature.

Also for consideration, published course syllabi have been involved, which are simi-
lar in their structure with the most common ideal syllabus described in the literature.
Most often, English was the language of syllabus writing. This implies the exclusion from
considering some special cases. Syllabi presented in the text formats such as PDF, DOC,
etc. have been also excluded from consideration. However, a deeper text processing could
give different results.

In the case of harvestable metadata, we have not considered the Extensible Metadata
Platform (XMP) [66], which is an extension to describe the content of files in various
formats.

Another drawback of the project can be considered the brief review of techniques for
the selection of keywords from content of textual files, and mechanisms for determining
the language of the text.

It must be noted that in the second part of the experiment have been used only 10
learning objects, which linked with courses syllabi. We understand that this set may be
insufficient for the generalization of the results. However, we tested the proposed ap-
proaches and the performance of our prototype, which allowed us to draw some conclu-
sions.

We cannot ignore the fact that no ideal programming skills of authors could also affect
the success of the developed prototype and its application in the project. Without doubt
this lack influenced the results of the experiments.
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7 Conclusion and Future Work

All efforts of this project focused on improving searchability and reusability of learning
object. Also this project aims to rationalize the process of metadata creation for leaning
objects, reduce cost of creation, and to exclude human participation from this process.
For this purpose, we proposed to use an automatic approach. As the resources for gene-
ration, we used the course syllabus in the context of which the learning object is used
and harvestable metadata stored directly in the file. We have studied the role that the
automatic generation can play in the production of metadata and what contribution the
proposed resources can make to this process.

As a metadata schema was used Dublin Core Metadata Element Set. Our arguments
allowed establishing a correspondence between elements of information sources for the
generation and metadata elements of Dublin Core. We also proposed a method that can
be used to extract required information from the sources. The experiments were allowed
to test and verify the applicability of the proposed methods. Based on these results, we
can draw final conclusions and to answer the Research Questions and Sub-questions.

7.1 Sub-question1: What contribution textual resources in form of
course syllabus that related to a given learning object can make
to the automatic generation of Dublin Core metadata elements?

Basically, to fill the Dublin Core elements of class "Content” as the resource was used
the course syllabus, to which this learning object belongs. The results of our experiments
have shown that in most cases, the generation of the elements, which directly adequate
for search of learning object, has confident potential. Extracted information conformed
to criteria of correctness. However, in the case of extracting information about resources
related for learning object, which is described, the results were low. Evaluation revealed
the poor quality of the generated values.

In the case of the Dublin Core element from the class “Intellectual Property” for ge-
neration has also been used the course syllabus. Generated results are also acceptably
correct and show confident potential. We managed to retrieve the identifiers of persons
who have contributed to the creation, publication and maintenance of learning object, as
well as the names of organizations and services in which this learning object is published.

7.2 Sub-question2: What contribution the metadata harvesting can
make to the automatic generation of Dublin Core metadata ele-
ments?

Harvestable metadata is a good resource of information for the description of the physical
properties of the learning object. In this case, information retrieval has yielded good
results, and generated values are consistent with high quality indices. In order to avoid
controversial issues and exclusion of human involvement, harvestable metadata can be
used only to describe the elements of class "Instantiation".
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7.3 The main Research Question: To what extent the automatic ge-
neration of metadata for learning object using proposed resources
can be utilized as a supplement to the manual input?

Unfortunately not all elements of the Dublin Core have the potential to be generated au-
tomatically using proposed resources. This is due to the fact that the proposed resources
have some drawbacks. In particular, ambiguity publication of the course syllabus requires
different approaches and tools for processing of information. The nonuniformity of in-
formation in the syllabus makes it impossible to fill completely all elements of metadata
scheme. The problem of unstructured representation of information complicates the ex-
traction from the body of syllabus and may lead to incorrect filling of metadata scheme.
In some cases, the minimum human intervention is necessary to select, accept or reject
offered values generated by the system. Some elements require manual input due to the
lack of a clear way to determine the appropriate resources for its generation.

Nevertheless, automatic generation of metadata for learning objects using the sugges-
ted resources is a significant supplement to manual input. First of all, automatic method
for metadata generation allows filling those fields that can be filled without human inter-
vention using the computing power. Some elements require a minimum of intervention
and control by humans. In terms of prevention and correction of human error, the au-
tomatic generation of metadata acts as assistant, fixes grammatical and other kinds of
mistakes that reduce the quality of descriptive information that leads to a reduction of
searchability and reusability of the object. Such resource for generating metadata as
course syllabus is created once and does not change over time; it must conform to the
actual description and objectives of the course that is assumed in education regularities.
Thus, automatic generation of metadata using the proposed resources can significantly
reduce the ambiguity in describing the learning object.

7.4 Future Work

• First of all it is necessary to know the opinion of experts in the field of metadata
about the correctness of the established correspondence between the elements of the
proposed resources for the automatic generation of metadata and schema elements.
This will increase the potential and contributions of the proposed resources.

• Another continuation of the work may be focusing on the use of a structured syllabus
for a detailed description of the course and use this information as a resource for the
automatic generation of metadata.

• From a technical point of view, it is possible to improve the methods for information
extraction to obtain more accurate values.

• This project examined only the HTML version of the syllabi. However, it is possible to
study the contribution of text version and text-based approaches to the generation of
metadata.

• The study of Extensible Metadata Platform (XMP) as extension to describe the content
of files in various formats can be a further step for this project.
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D Source Code Examples

D.1 Element "Title" generation

1 <?php

3 $val=" ht tp :// cda . morr is .umn. edu/~elenam/1101 _spring07 / s y l l a b u s . html " ; // input URL

5 $tex t = f i l e_get_contents ( $val ) ;
$doc = new DOMDocument() ; // c r e a t e new DOMDocument

7
$doc −> loadHTML( $tex t ) ; // load html page

9 $ t i t l e s = $doc−>getElementsByTagName ( ’ t i t l e ’ ) ; // g e t data from tag t i t l e
for ( $ i = 0; $ i < $ t i t l e s−>length ; $ i++) {

11 $ s t r = $ t i t l e s−>item ( $i )−>textContent ;
$array [] = $ s t r ; // adding in array

13
echo "</br>" ;

15 echo $ s t r ;

17 $s t r _ rep = " −!#%?/. ,\ ’\" " ; // remove punc tuat ion and s id e−t e x t

19 $ s t r = ereg_replace ( "[̂ a−zA−Z] " , " " , $ s t r ) ;
$ s t r = s t r _ r e p l a c e ( " Sy l l abus " , " " , $ s t r ) ;

21 $ s t r = s t r _ r e p l a c e ( " Sy l l abus fo r " , " " , $ s t r ) ;
$ s t r = s t r _ r e p l a c e ( " Homepage " , " " , $ s t r ) ;

23 $ s t r = s t r _ r e p l a c e ( " Course mate r i a l s " , " " , $ s t r ) ;

25 echo "</br>" ;
echo $ s t r ;

27 }

29
?>

D.2 Element "Contributor" generation (names)

<?php
2

$ f i l e = f i l e ( "C:\ webs i tes \ t e s t . t x t " ) ; // s y l l a b u s t e x t as input
4

foreach ( $ f i l e as $ s t r )
6 {

8 $ s t r = strtolower ( $ s t r ) ;

10 // e x t r a c t i o n o f c ou r s e i n s t r u c t o r in fo rmat ion us ing d e f i n e d keywords

12 $f = ereg ( " i n s t r u c t o r " , $ s t r ) ;
i f ( $f == 1)

14 {
$ s t r = s t r _ r e p l a c e ( " : " , " " , $ s t r ) ;

16 $ s t r = s t r _ r e p l a c e ( " i n s t r u c t o r " , " " , $ s t r ) ;
echo $ s t r . "</br>" ;

18 }

20 $f = ereg ( " p ro f e s s o r " , $ s t r ) ;
i f ( $f == 1)

22 {
$ s t r = s t r _ r e p l a c e ( " : " , " " , $ s t r ) ;

24 $ s t r = s t r _ r e p l a c e ( " p r o f e s so r " , " " , $ s t r ) ;
echo $ s t r . "</br>" ;

26 }

28 $f = ereg ( " dr . " , $ s t r ) ;
i f ( $f == 1)

30 {

32 echo $ s t r . "</br>" ;
}

34
$f = ereg ( " doctor " , $ s t r ) ;

36 i f ( $f == 1)
{

38
echo $ s t r . "</br>" ;

40 }
}

42 f c lose ( $ f i l e ) ;

44
?>

D.3 Element "Contributor" generation (e-mail information)

75



Automatic Generation of Metadata for Learning Objects

1 <?php

3 $val=" ht tp :// crypto . s t an fo rd . edu/ cs142 / s t a f f . html " ; // input URL

5 $tex t = f i l e_get_contents ( $val ) ;
$doc = new DOMDocument() ; // c r e a t e new DOMDocument

7
$doc −> loadHTML( $tex t ) ; // load html page

9 $ t i t l e s = $doc−>getElementsByTagName ( ’ a ’ ) ; // g e t data from tag <a>
for ( $ i = 0; $ i < $ t i t l e s−>length ; $ i++) {

11 $ s t r = $ t i t l e s−>item ( $i )−>textContent ;
$array [] = $ s t r ; // adding in array

13

15
$f = ereg ( "@" , $ s t r ) ; // e x t r a c t emai l in fo rmat ion

17 i f ( $f==1)
{

19 echo "</br>" ;
echo $ s t r ;

21 }
}

23

25 ?>

D.4 Table processing
1

<?php
3 // i n i _ s e t ( ’ d i s p l a y _ e r r o r s ’ , 1 ) ;

// e r r o r _ r e p o r t i n g ( E_ALL ) ;
5

$val=" ht tp ://www. cs . uga . edu/~bsmith /cs1301/ s y l l a b u s . html " ; // input URL
7

$tex t = f i l e_get_contents ( $val ) ;
9 $n= 6;

$doc = new DOMDocument() ; // c r e a t e new DOMDocument
11

$doc −> loadHTML( $tex t ) ; // load html page
13 $ t i t l e s = $doc−>getElementsByTagName ( ’ td ’ ) ; // g e t data from tag <td>

for ( $ i = 0; $ i < $ t i t l e s−>length ; $ i++) {
15 $ s t r = $ t i t l e s−>item ( $i )−>textContent ;

$array [] = $ s t r ; // adding in array
17

19 }

21 $doc = new DOMDocument() ; // c r e a t e new DOMDocument

23 $doc −> loadHTML( $tex t ) ; // load html page
$ t i t l e s = $doc−>getElementsByTagName ( ’ t r ’ ) ; // g e t data from tag <tr>

25 for ( $ i = 0; $ i < $ t i t l e s−>length ; $ i++) {
$ s t r = $ t i t l e s−>item ( $i )−>textContent ;

27 $arr [] = $ s t r ; // adding in array
}

29 $t r = count ( $arr ) ;

31
$a = count ( $array ) ;

33 // echo $a ;
$a1 = 0;

35 $array1 [] = $array [$a1 ] ;
$a2 = 1;

37 $array2 [] = $array [$a2 ] ;
$a3 = 2;

39 $array3 [] = $array [$a3 ] ;
$a4 = 3;

41 $array4 [] = $array [$a4 ] ;
$a5 = 4;

43 $array5 [] = $array [$a5 ] ;
$a6 = 5;

45 $array6 [] = $array [$a6 ] ;

47 for ( $ i =1; $i<=$tr−1; $ i++)
{

49 $array2 [] = $array [$a2+$n∗$i ] ;
$array3 [] = $array [$a3+$n∗$i ] ;

51 $array4 [] = $array [$a4+$n∗$i ] ;
}

53
foreach ( $array2 as $val )

55 {
echo $val ;

57 echo "</br>" ;
}

59
foreach ( $array3 as $val )

61 {
echo $val ;

63 echo "</br>" ;
}

65
foreach ( $array4 as $val )

67 {
echo $val ;

69 echo "</br>" ;
}

71
// echo $array2 [3] , $array3 [3] , $array4 [3] ;

73 ?>
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D.5 Free-text syllabus processing 1

1
<?php

3 // i n i _ s e t ( ’ d i s p l a y _ e r r o r s ’ , 1 ) ;
// e r r o r _ r e p o r t i n g ( E_ALL ) ;

5
$ f i l e = f i l e ( " f r e e _ t e x t . t x t " ) ;

7
foreach ( $ f i l e as $ s t r )

9 {

11 $f = ereg ( " Topic : " , $ s t r ) ;
i f ( $f == 1)

13 {
$ s t r = s t r _ r e p l a c e ( " Topic : " , " " , $ s t r ) ;

15 echo $ s t r . "</br>" ;
$a r ray_ top i c [] = $ s t r ;

17 }

19 $f = ereg ( " Date : " , $ s t r ) ;
i f ( $f == 1)

21 {
$ s t r = s t r _ r e p l a c e ( " Date : " , " " , $ s t r ) ;

23 echo $ s t r . "</br>" ;
$array_date [] = $ s t r ;

25 }

27 $f = ereg ( " Book : " , $ s t r ) ;
i f ( $f == 1)

29 {
$ s t r = s t r _ r e p l a c e ( " Book : " , " " , $ s t r ) ;

31 echo $ s t r . "</br>" ;
$array_book [] = $ s t r ;

33 }
}

35
echo $ar ray_ top i c [1] , $array_date [1] , $array_book [1] ;

37
?>

D.6 Free-text syllabus processing 2

2 <?php
// i n i _ s e t ( ’ d i s p l a y _ e r r o r s ’ , 1 ) ;

4 // e r r o r _ r e p o r t i n g ( E_ALL ) ;

6 $ f i l e = f i l e ( " f r e e _ t e x t 3 . t x t " ) ;

8 $month = array ( " January " , " February " , " March " , " A p r i l " , "May " , " June " , " Ju le " , " August " , " September " , " October " , " November " , "
December " ) ;

foreach ( $ f i l e as $ s t r )
10 {

foreach ($month as $val )
12 {

$f = ereg ( $val , $ s t r ) ;
14 i f ( $f == 1)

{
16 $tok = explode ( " : " , $ s t r ) ;

for ( $ i = 0; $i<=count ( $tok ) ; $ i++)
18 {

$ost = $i % 2;
20 i f ( $ost == 0)

{
22 $date [] = $tok [ $ i ] ;

}
24 else

{
26 $top i c [] = $tok [ $ i ] ;

}
28 }

30 }

32 }

34 }

36 foreach ( $date as $d)
{

38 echo $d ;
echo "</br>" ;

40 }

42 foreach ( $ top i c as $d)
{

44 echo $d ;
echo "</br>" ;

46 }

48 ?>

D.7 Textbook information extraction

2 <?php

77



Automatic Generation of Metadata for Learning Objects

i n i _ se t ( ’ d i s p l a y _ e r r o r s ’ ,1) ;
4 error_report ing (E_ALL) ;

6 $ f i l e = f i l e ( " t e x t . t x t " ) ;

8 foreach ( $ f i l e as $ s t r )
{

10
$f = ereg ( " Textbook " , $ s t r ) ;

12 i f ( $f == 1)
{

14 echo $ s t r ;
$tok = explode ( " : " , $ s t r ) ;

16 for ( $ i = 0; $i<=count ( $tok ) ; $ i++)
{

18 $ost = $i % 2;
i f ( $ost != 0)

20 {
$book [] = $tok [ $ i ] ;

22 }
}

24
}

26
$f = ereg ( " Text " , $ s t r ) ;

28 i f ( $f == 1)
{

30 $tok = explode ( " : " , $ s t r ) ;
for ( $ i = 0; $i<=count ( $tok ) ; $ i++)

32 {
$ost = $i % 2;

34 i f ( $ost != 0)
{

36 $book [] = $tok [ $ i ] ;
}

38 }

40 }

42 $f = ereg ( " Book " , $ s t r ) ;
i f ( $f == 1)

44 {
$tok = explode ( " : " , $ s t r ) ;

46 for ( $ i = 0; $i<=count ( $tok ) ; $ i++)
{

48 $ost = $i % 2;
i f ( $ost != 0)

50 {
$book [] = $tok [ $ i ] ;

52 }
}

54
}

56
$f = ereg ( " Reading " , $ s t r ) ;

58 i f ( $f == 1)
{

60 $tok = explode ( " : " , $ s t r ) ;
for ( $ i = 0; $i<=count ( $tok ) ; $ i++)

62 {
$ost = $i % 2;

64 i f ( $ost != 0)
{

66 $book [] = $tok [ $ i ] ;
}

68 }

70 }

72 $f = ereg ( " ISBN " , $ s t r ) ;
i f ( $f == 1)

74 {
$book [] = $ s t r ;

76 }

78 }

80 }

82 foreach ( $book as $d)
{

84 echo $d ;
echo "</br>" ;

86 }

88 ?>
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