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Abstract 
In recent years, the learning object (LO) concept has been introduced to allow sharing of 
smaller and portable learning materials on the Internet. Its features, concept, components, and 
other related matters have been fairly debated among researchers and practitioners. Attempts 
have been made to derive definition, model, and its working application. However, the failure 
to embed learning context and pedagogical instructional role within metadata has contributed to 
the significance of LO educational values. Despite the efforts taken by various research groups 
and researchers to propose metadata that exhibit the LO pedagogical role, the accomplishment 
of these works is geared towards specific education environments or institutions. Therefore, it 
is desirable to attain new metadata elements that will capture the LO context and pedagogical 
aspects and increase the reusability features applicable to any education setting or environment. 
It is the intention of this paper to describe the work done in providing a new metadata element 
based on theoretical analysis. 

Keywords: Learning Object, LO, LO context, LO context insertion, Metadata, History meta-
data, Learning Style Metadata 

Introduction 
Electronic learning is the convergence of the web and learning on all levels that is made up of 
several learning methods that are enhanced or facilitated by technology. The use of a learning 
management system (LMS) in e-Learning environments allows content authoring and sequenc-
ing, and content delivery to learners. In addition, a LMS also assigns content lessons to learners 
and records their performance, thus creating a learner’s profile. In other words, e-Learning of-

fers a one-location gateway to varie-
ties of educational resources, such as 
electronic books, digital presentation, 
web-based lecture notes, case studies, 
and other types of educational learn-
ing materials. This contributes to the 
rise of digital learning materials in the 
education field. However, these learn-
ing materials need to be designed ef-
fectively, as e-Learning promotes 
online education, unlike the traditional 
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method which emphasizes the face-to-face and instructor-centered way of teaching. In contrast, 
digital materials need to include multimedia presentation - where words and graphics are used 
together - to deliver the instruction, to adopt personalization principles, to initiate cognitive 
processing in learners, and to include practice exercise, as stated by Clark and Mayer (2003). 

In brief, designing and developing digital learning materials requires a substantial amount of 
effort, as the materials need to be well-designed using various media integration that require an 
allocation of cost. The cost to design and develop digital learning materials is high and exten-
sive and is equivalent to developing traditional materials, because these digital materials need 
to be built from scratch using textbooks, references, and past experiences as a guide. For in-
stance, to develop web-based lecture notes requires a substantial amount of money, and inclu-
sion of graphics and animation would double the cost, and, if simulation is included, the cost 
would quadruple (Downes, 2004), which shows that developing interesting and well-designed 
learning materials involves a substantially large investment.  

Consequently, if each educational institution produces its own local materials, the cost would 
multiply. This is ineffective, as the cost can be reduced by sharing the same learning materials 
among institutions. 

The advent of communication technology has made sharing possible through the use of the 
Internet, and this leads to the emergence of the learning object (LO) concept. The LO concept 
was introduced to allow sharing of small, portable learning materials on the Internet. The con-
cept, however, is not new to the world of reusable learning materials. The idea of learning ob-
jects had already emerged in the early nineties (Persico, Sarti, & Viarengo, 1992). The concept 
was then concerned with storing the learning materials into databases. From then on, the issue 
that emerged was the reuse of learning materials (Olimpo, Chioccariello, Tavella, & Trentin, 
1990; Rada, 1995; Sarti & Marcke, 1995). Nevertheless, due to the exponential growth of the 
World Wide Web, the worldwide availability of easily accessible learning materials sparked the 
re-emergence of these old concepts in the late nineties, and these concepts are presently being 
further developed to generate knowledge and insights into storing and retrieving of learning 
materials. 

However, the success of this concept is hindered by problems that arose in the current e-
Learning setting. Figure 1 summarizes the current trends in e-Learning environment leading to 
existing problems in LO matters and points out that there are a few main challenges that need to 
be addressed in order to ensure the success of LO. As such, this paper focuses on the problems 
relating to LO metadata contextual and reusability issues. The next section will look at the in-
corporation of meaningful learning into LO in order to provide context and retrievability of LO. 

Learning Object Metadata (LOM) 
The LO concept is made viable through the possibility of retrieving and reusing the objects in 
actual practical environment. The objects are retrieved and reused through the use of metadata 
concept, and its interoperability is achieved through the development of the LO repository. The 
customary intention for using metadata is to describe any information on the object used by 
information professionals, such as museum registrars, library cataloguers, and archivists. Nev-
ertheless, due to technological advances in educational environment, metadata is later used to 
assist in LO retrievability (Yordanova, 2007). Presently the LO metadata standard produced by 
IEEE LTSC (2005) is used as the benchmark in LO metadata development. Its usage is further 
extended to certify the authenticity and context of the object content, to indicate the structure 
integrity, to provide data for research setting, and to relate to other learning objects (Gilliland-
Swetland, 1998; Lougee, 2003). 
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Trends in e-Learning

Availability of courses online, creating one-location
gateway to a variety of additional resources.
Standards in content authoring, sequencing and
delivery
Interoperability among  existing LMS

Pressures on Content Developers

Reusable, adaptable, interoperable, customisable
content
Timeless digital learning  content

Advances in Digital Content
Technology

Learning object concept surfaced
Automated content repository

Advances in Standards

Standards on learning object metadata,
object sequencing, content authoring,
assessment, learner profiles

Challenges in Learning Object Development

Need for learning object identification
Inaccurate interpretation of the learning object
concept
Learning object concept does not support
meaningful learning
Learning object metadata need to address
aspects of learning context in learning object
Need to escalate the level of object reusability

THE PROBLEM

Lack of solid definition for describing learning object
Failure in identifying a standard model
Uncertainty of learning object granularity and it's types
Current learning object metadata standards seem inadequate for addressing the
learning context and pedagogical instructional role in the metadata elements
Insufficient metadata elements in providing context to the learning object and
escalate the object reusability

Continuous improvement

Figure 1: Current trends in e-Learning environment leading to the problems 

The IEEE LOM standard (see Appendix) provides 77 metadata elements, which are distributed 
among nine categories. Although the existing LOM standard is widely adopted by LO practi-
tioners and researchers world wide, its lack of contextual and pedagogical elements is currently 
much debated (Allert, Dhraief, & Nejdl, 2001; Allert, Richter, Dhraief, & Nejdl, 2004; Cowley 
& Wesson, 2000; Friesen, 2004; Hepburn & Place, 2000; McCarthy, 2000; Recker & Walker, 
2003; Recker & Wiley, 2001; Robson, 2004; Sacks, Earle, Prnjat, Jarrett, & Mendes, 2002; Ya-
hya, Yusoff, & Jenkins, 2001). The researchers argue that existing elements do not address all 
aspects of LO context and are merely used as a means of discovering, sharing, and reusing LO. 
The next section will look at issues relating to the incorporation of meaningful learning events, 
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which are closely related to pedagogical and contextual aspects, and the issues of retrievability 
and reusability. 

LOM: Incorporation of Meaningful Learning Event 
Learning objects are known to be useful in the educational environment particularly for the 
academic purpose of providing learning activities to learners. However, there are concerns that 
learning objects are not able to support meaningful learning during the learning process (Jonas-
sen & Churchill, 2004; Wiley, 2003). Meaningful learning occurs when learners are able to re-
member, recall, understand, and reuse the knowledge to explain to others or apply it in their 
every day life. This requires learners to be engaged in meaningful tasks. In other words, mean-
ingful learning will only occur when the learner becomes aware of the learning process and is 
engaged in the learning activity. According to activity theory (Jonassen & Rohrer-Murphy, 
1999), learning and activity are inseparable, and the key to enhancement in learning lies in the 
intimate connection between the desires for participation in the learning process/activity (Ab-
bott, 1996). In other words, meaningful learning takes place in participating in an individual or 
community activity. Therefore, it can be concluded that meaningful learning is the product of 
building external connections between existing and new information (Hooper & Rieber, 1995; 
Jonassen, Peck, & Wilson, 1999; Mayer, 1984). It can make the learning process memorable 
and therefore, provides the ultimate learning experience. 

However, with the current conceptualisation of learning objects, it is believed that learning ob-
jects do not cause learning but provide its availability. Koper and Es (2004) had the same no-
tion whereby they stated that current learning objects had failed to fit into the context of learn-
ing, and meaningful learning had not occurred during the learning activity. Kraan and Wilson 
(2002) expressed their concern regarding the absence of meaningful learning due to the lack of 
pedagogical models in current LO standards. Koohang (2004) further emphasised the fact that 
LO’s ultimate purpose was to enhance and facilitate learning.  

As practitioners and researchers become aware of the importance of establishing meaningful 
learning, several approaches have been taken to incorporate activities that support meaningful 
learning. Most of this research is geared towards the design of LO content (Ip, Morrison, & Cu-
rie, 2001; Ip, Young, & Morrison, 2002; Krauss & Ally, 2005; McLean & Lynch, 2003). The 
motivation to design LO content and to incorporate meaningful learning had focused on princi-
ples of active engagement, and to elicit reflection and frequent communication as conducted by 
these respected researchers, namely Agostinho, Bennet, Lockyer, and Harper (2004), Berge and 
Fjuk (2003), Casey (2004), Luke, Mallory, and Atack (2004) and Zouaq, Nkambou, and Fras-
son (2007). Carefully designed learning objects have been proven to provide meaningful learn-
ing throughout the learning process (Jonassen, 2004). There are only a few research organisa-
tions that have focused on incorporating context or pedagogical aspects into the metadata ele-
ment, namely CLEO (2001), CUBER (2004) and FAILTE (2002). However, the work done 
thus far is still insufficient as most were subjected to be of service to a specific learning envi-
ronment or to the patron organisation. This leads to the attempt to provide more general meta-
data elements so that the context level is enhanced and pedagogical role is included in the LO 
using metadata method. 

LOM: Its Reusability 
Literature has shown that the number of vocabularies presented in LOM standards is limited in 
that they do not provide adequate instances of the elements to aid in the search process or to 
escalate the learning object reusability (Dillon, 2000). Sicilia and Garcia (2003) stressed the 
importance of measuring the LO reusability degree to verify that reusability is fully maximized 
and achieved when using learning objects. Duval and Hodgins (2004) and Sampson (2004) also 
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mentioned the importance of having new metadata elements to promote reusability. This is es-
sential to provide new ways of profiling to support reusability with minimum human interface.  

Santally and Senteni (2005) stated that existing metadata elements that claimed to promote re-
usability are inadequate to fully support and maximize reusability features. New elements need 
to be incorporated to allow learners to obtain information regarding the objects’ past usage, the 
users of the objects, the parent field of the object, and the usage setting or venue. 

These concerns have led researchers to find ways to increase the reusability degree when using 
learning objects. Recker, Walker, and Wiley (2000) proposed the non-authoritative metadata 
that was able to capture the context of LO within instruction. The collaborative information 
filtering technique (Recker et al., 2000; Resnick & Varian, 1997) was used to derive the non-
authoritative metadata. Hiddink (2001a) proposed that a history file be attached to the Unit 
Learning Material (ULM) which held knowledge about other useful courses or related courses 
to the ULM. 

Garshol (2004) investigated the possibility of merging topic maps theory with metadata ele-
ments. The topic maps theory is used to represent a subject, which allows the subject based 
classification to be used to further classify the objects. Abel, Benayache, Lenne, and Moulin 
(2004), de Marchi, de Miranda, and Costa, (2005), Dichev, Dicheva, and Aroyo (2004), Di-
cheva, Dichev, and Wang, (2005), Dicheva, Dichev, Wang, and Zhu (2005), Fernandez, Moura, 
and Porto (2005) adopted Garshol’s idea of utilizing topic maps in e-Learning modules. The 
topic maps are used to index and classify learning objects and aid the learners in viewing, navi-
gating, and searching related metadata through categories provided. However, an analysis dis-
closed the deficiency of adopting this concept in the existing metadata elements. This led to the 
attempt of providing the resolution to the problem by incorporating the concept into current 
LOM standards. 

An Overview of the Investigation 
In determining the essential metadata element that would enhance LO context and reusability, a 
method as described in Figure 2 is adopted. 

Identification of LOM Issues

Context Reusability

Analysis on
Associated Theories
Related to Pedagogy

Analysis on
Dynamic Concept

Coincide Analysis

New Extended
Metadata
Element

New Extended
Metadata
Element

 
Figure 2: An Overview of the Investigation 

The proposed extended metadata elements represented in Figure 2 are mainly dependent on the 
analysis performed and review of related theories. Details of the above process and the respec-
tive results are discussed in the following section. 
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New Extended Metadata Element: Context 
The determination of a new metadata or extended metadata element that addresses the context 
or pedagogical role is based on related theories. The associated theories and themes related to 
pedagogy matters identified are developmental theory, cultural diversity, classroom motivation 
and management, learning styles, learning theories, instructional design, and assessment. How-
ever, focus is given specifically to developmental theory, learning theories, instructional design, 
and learning styles as the other themes (i.e. cultural diversity, classroom motivation and man-
agement, and assessment) have broad vocabularies; therefore, it is difficult to determine spe-
cific vocabularies for the themes. In addition, classroom management and motivation involves 
traditional classroom method, which is different from the electronic learning method (the envi-
ronment for learning objects) and irrelevant to the LO concept; therefore, they are excluded. 
Each theory and theme will be discussed in the subsequent sub-sections. 

Developmental theory 
Developmental theory provides the foundation for teachers or instructors to understand their 
learners by describing their development differences in systematic patterns. It provides infor-
mation on how children’s minds grow and develop. This helps teachers or instructors to re-
spond more effectively to a learner’s individual needs. It is important to understand a learner’s 
development, as teaching strategies should match the physical, cognitive, and social develop-
ment of the learner. By having information on learner’s development, the curriculum may be 
designed and matched accordingly to the learner’s abilities. 

The developmental theory consists of cognitive, moral, and psychosocial development theories. 
Each of these theories provides insights on understanding a learner from different perspectives. 
The cognitive development theory has its roots back to Piaget’s theory (1964), which described 
the ways humans gather and organize information and how this process changes during a 
child’s developmental stages. Piaget recognized that development occurred in stages and that 
experiences helped learners to understand the world. The stages described by Piaget provided 
some information on how children develop and progress during their growing up years. The 
work of Piaget has helped in curriculum and instruction design. For instance, by using Piaget’s 
theory, it is acknowledged that teachers or instructors should keep learners developmental 
needs in mind as they design and implement instruction. Therefore, when designing instruction 
using Piaget’s theory, the instructors or teachers should provide concrete experiences that rep-
resent abstract concepts and principles. Besides, they should also provide links from concrete 
representation to abstract ideas. 

Apart from Piaget’s cognitive theory, Vygotsky (1978, 1993) provided an alternative perspec-
tive on the factors that influenced children’s developing minds. The perspective by Vygotsky is 
known as sociocultural development theory, as it emphasizes social and cultural influences on 
the children’s cognitive development. He viewed learning as arising directly from social inter-
actions where the role of language is central to the theory. Therefore, in designing instruction 
using Vygotsky’s perspective, one should include learning activities that involve learners in 
social interaction, encourage the use of language to express the learners’ understanding, and 
provide instructional assistance to promote learning. 

In addition, the moral development theory also has its roots back to Piaget’s theories (1932, 
1964) where he provided the different stages for children’s responses to moral problems. His 
work was then used by Kohlberg (1963a, 1963b, 1984) to develop the moral development the-
ory. Kohlberg described that moral development existed in three levels consisting of two stages 
each as illustrated in Table 1. His work led to the following conclusions (McDevitt & Ormrod, 
2002): everyone’s reasoning passes through the same stages in the same order, where develop-
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ment is gradual and continuous, and once a stage is attained a person tends to reason at that 
stage not at stages lower than that. In conclusion, the moral development theory has helped 
teachers and instructors to understand learners’ development and identify the behavior patterns 
of young people. 

Table 1: Kohlberg’s stages of moral development 

Level And Stage Description 

Level 1: Preconventional Reasoning 

 

 
 

Stage 1: Punishment Obedience  

Stage 2: Market exchange  

 

The ethics of egocentricity. Typical of children up to 
about age ten. Called preconventional because young 
children do not really comprehend the rules set down 
by others. The consequences of the act determine if 
it is good or bad. 

The ethics of  “ What’s in it for me” 

Obeying rules and exchanging favors are judged in 
terms of benefit to the person 

Level II: Conventional Ethics 

 

 
Stage 3: Interpersonal Harmony 

 

Stage 4: Law and Order 

The ethics of others. Typical of ten to twenty year 
olds. The name comes from conformity to the rules 
and conventions of society. 

Sometimes called “Nice girl/good boy”. Ethical de-
cisions are based on what pleases, helps or is ap-
proved of by others. 

The ethics of order. Right is doing one’s duty, obey-
ing the law and maintaining an orderly society. 

Level III: Postconventional Ethics 

 

 

Stage 5: Social Contact 

 

 

Stage 6: Universal Principles 

The ethics of principle. Rarely reached before age 
twenty and only by a small segment of the popula-
tion. Focuses on the principles underlying society’s 
rules. 

Rules are based on principles of justice and common 
good and are mutually agreed upon by members of 
society. 

Rarely encountered in life. Ethics determined by in-
dividuals conscience guided by the abstract princi-
ples of justice and equality. 

Source: Kohlberg, 1984 

Psychosocial theory, on the other hand, focuses on the integration of personal, emotional, and 
social development. This theory states that a child’s psychosocial development depends on the 
quality of care and support provided by social environment and, hence, a teacher’s encourage-
ment is essential. Therefore, in designing instruction, teachers or instructors must be aware of 
the learner’s developmental changes and use the knowledge to structure the lesson or curricu-
lum. 

The theories reveal that teachers or instructors must or should be able to understand a learner’s 
moral, cognitive, and psychosocial development. Although the importance of the theory is crys-
tal clear, it is not relevant to be adopted as a metadata element. As such, usage of the theories 
for searching purposes may not be very useful due to the fact that metadata is used for search-
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ing documents or objects, and this requires the metadata to be simple, descriptive, and helpful 
in improving the efficiency of searching. The adoption of the developmental theory as a meta-
data element, on the other hand, could lead to difficulty in determining the values for the ele-
ment as there are various theories and they involve other details that need to be included as the 
relevant value. This will create a complex hierarchy structure, which is not appropriate for 
metadata element values. In brief, the developmental theory is ruled out as a potential metadata 
element. 

Learning theories 
Learning theories are a set of related principles derived from observations that in turn are used 
to explain additional observations (Dorin, Demmin, & Gabel, 1992).  As learning theories have 
their roots in the psychological theory (Oon Seng, Parsons, Hinson, & Sardo-Brown, 2003), 
they are used to understand critical issues raised in the study of learning, such as the mecha-
nism of learning and transfer, the factors that influence learning, the roles of memory and moti-
vation, the processes involved in self-regulation, and the implications for instruction. In addi-
tion, they are also used to provide the basics for instructional strategies development, which in 
turn is used for instructional design. For example, social cognitive theory helps by providing 
relevant information on placing learners in modeling roles, which were emphasized by the ex-
ercises given to students (Eggen & Kauchak, 2004). Constructivism, on the other hand, empha-
sizes guided discovery and cooperative learning in which the exercises should include a variety 
of examples and promote a high level of interaction. 

There is no doubt that learning theories play an important role in providing the basics for in-
structional design. However, if learning theory is to be adopted as a metadata element, it may 
not provide much contribution in increasing search efficiency. Therefore, learning theory is 
used in designing instruction but not as a point of access for searching (Large, Tedd, & Hartley, 
1999; Salim, Othman, & Moi, 2005). Moreover, it is difficult to assign relevant values that may 
aid in searching processes. In addition, learning theory is not a descriptive element for an object 
but more of a foundation used to design the object. In brief, the theory does not provide appro-
priate features to allow its adoption as a metadata element; hence it is excluded from being a 
metadata candidate. 

Instructional design 
Instructional design is the systematic process of translating general principles of learning and 
instruction into plans for instructional materials, activities, information resources, and evalua-
tions (Smith & Ragan, 1999). The analysis of the theory and model reveals that they are used 
specifically in LO design and, as such, they are not relevant to be adopted as a metadata ele-
ment or as a point of access for searching.  

Learning styles 
Kolb (1976) described learning styles as the individual’s preferred method for assimilating in-
formation; it is an integral part of an active learning cycle. It is also referred to as an individual 
set of differences of personal preference for instruction or an association with a particular form 
of learning activity (Riding & Rayner, 1999). Learning styles are determined by different 
groups of style models based on the learning process, the orientation of study, instructional 
preference, and cognitive development. 

It is also an important concept to aid learning and to provide learning material guidance tailored 
to a learner’s style of learning (Claxton & Murrell, 1987). This leads to more effective learning 
(Claxton & Murrell, 1987). Experiments performed by Schmidt (2004) revealed that including 
the right learning style would aid a learner’s ability to expand his or her learning strategies. 
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This indicates the importance of learning styles and its effects on the learner’s performance. So, 
it is an excellent candidate for metadata elements as the theory details help to describe an object 
contextually. As noted by Sutton (2004) and Mason (2004), contextual attribute refers to any of 
the attributed explicit or implicit processes by which the learning objectives were achieved. In 
addition, it describes the object in detail and aids the information seekers to locate the object 
upon which they are empowered to decide its worthiness (Miller, 2004). This suggests the pos-
sibility of adopting learning styles as one of the metadata elements. 

Further analysis on learning styles theory reveals that it is able to provide controlled vocabular-
ies based on the types of learning styles available (Yordanova, 2007). This is in agreement with 
metadata needs whereby metadata should be coordinated and able to provide controlled vo-
cabularies and application tools (Quam, 2004). In brief, learning styles have been determined as 
the new extended element that can provide context to learning objects (Yahya & Yusoff, 2005b, 
2005c). Therefore, models on learning styles are further identified and analyzed. Table 2 pro-
vides the learning style models available. Each is subsequently discussed in detail. 

Table 2: Models of learning styles 

Style Models Description 

Models Based on 
the Learning Proc-
ess 

Model by Kolb (1976). The model is a two-dimensional model comprised 
of perceptions, which are concrete/abstract thinking and processing (ac-
tive/reflective information processing). 

Models Based on 
Orientation to 
Study 

Model by Honey and Mumford (1986, 1992) provides preferred modes of 
learning which shape an individual’s approach to learning. 

Model by Entwistle (1979) and Entwistle and Tait (1994) provides an inte-
gration of instructional preference to information processing in the learner’s 
approach to study. 

Model by Biggs (1978, 1985) provides an integration of approaches to 
study with motivational orientation. 

Model by Schmeck, Ribich, and Ramanaiah (1977) provides the analysis 
that occurs during learning, which relates to the distinctiveness, transferabil-
ity, and durability of memory and fact retention. 

Models Based on 
Cognitive Skills 
Development 

Model by Reinert (1976) provides a profile in terms of perceptual modality. 

Model by Letteri (1980) provides a cognitive profile of three types of learn-
ers, which reflects their position in a bi-polar analytic-global continuum, 
which reflects an individual’s cognitive skills development. 

Model by Keefe and Monk (1986) provides 24 elements in a learning style 
construct, which is grouped into three dimensions.  

Models Based on 
Instructional Pref-
erence 

Model by Price, Dunn, and Dunn (1977) and R. Dunn, Dunn, and Price 
(1989) provides the learner’s response to key stimuli, such as environmental 
(light, heat), sociological (peers, pairs, adults, self), emotional (structure, 
persistence, motivation), physical (auditory, visual, tactile), psychological 
(global-analytic, impulsive-reflective). 

Model by Grasha and Riechmann (1975) provides a social interaction 
measure, which is used to develop three bipolar dimensions in a construct, 
which describes a learner’s typical approach to the learning situation. 

Source: Riding & Rayner, 1999 
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i) Models Based on the Learning Process 

The model was developed by Kolb (1976) and enhanced by Honey and Mumford (1986, 1992). 
Kolb’s model identified four adaptive learning modes: concrete experience, reflective observa-
tion, abstract conceptualization, and active experimentation. It allows learners to have immedi-
ate concrete experience when fully involved in the learning activity; as such, learners are able 
to engage in abstract conceptualization that would aid in creating generalizations. This suggests 
that the learning process involves two fundamental elements: experience perceived and experi-
ence transformation. 

Honey and Mumford (1992) attempted to enhance and develop the Learning Style Question-
naire (LSQ), which further use revealed learners as activists, theorists, pragmatists, and reflec-
tive of their discoveries. It is used particularly to explore implications for management situa-
tions and to improve individual or team performance. 

Further investigation on the models, however, reveals that learning style is based on the learn-
ing process and this suggests that it is irrelevant as a metadata element or as search criteria. It is 
intricate and only known by the learning style theorists, therefore it is immaterial to the infor-
mation seekers. The model is therefore excluded as metadata element candidate. 

ii) Model Based on Orientation to Study 

Entwistle (1979), Biggs (1978) and Schmeck et al. (1977) developed the model in stages. En-
twistle developed a model consisting of four aspects: the meaning, reproducing, achieving, and 
holistic orientations. This leads to the identification of the integrated conception of learning 
process, which describes a series of learner actions linked to specific learning strategies. En-
twistle’s work focused mainly on the development of an empirical model of the processes un-
derlying individual orientation in a general approach to learning. 

Biggs (1978) further extended Entwistle’s work by discovering motivational factors to develop 
a new measure of learning strategy. These motivational factors are labeled intrinsic, extrinsic, 
and achievement orientation, and as a result, the Study Process Questionnaire (SPQ) was pro-
duced to measure the extent these factors influence learners’ learning approaches. Results from 
the experiment using SPQ reveal that there are three learning approaches: surface, deep, and 
achieving, and learners are categorized according to these approaches. 

Schmeck et al. (1977) enhanced the model by including two forms of learning strategies known 
as reflective processing and agentic processing. An Inventory of Learning Processes (ILP) was 
developed to aid learners enhance their study approach. In brief, the model focused mainly on 
learning styles based on information processing concept. It therefore cannot be adopted as an 
element of the metadata as it is more beneficial in providing guidelines on learning approach, 
rather than as a search criteria or point of access. 

iii) Models Based on Cognitive Skill Development 

The models under this category are based on an approach to learning, which presume success 
only when a progressive development in skills and method is realized by the individual (Riding 
& Rayner, 1999). The model was developed by Reinert (1976), Letteri (1980), and Keefe and 
Monk (1986). 

Reinert (1976) provided a model to identify the individual’s natural “perceptual modality” or 
perceptual condition in which the stimulation of one’s sensory modality gives rise to an experi-
ence in another modality as he or she responds to the learning environment. The model, known 
as ELSIE, provided four categories of learning modality: visual, verbal, auditory, and activity 
based modalities. However, an analysis performed by Curry (1987) found that the model had 
limitations in the application of learning style. 



Yahya & Yusoff 

23 

Letteri (1980), on the other hand, integrated several models of cognitive style to create a com-
bined assessment of individual skills known as Cognitive Style Delineators (CSD). Although 
Letteri’s work raised the key issues of the development of learning style and skills develop-
ment, there was no published evidence to support the reliability or validity of CSD (Riding & 
Rayner, 1999). The learning style profile (LSP) offered by Keefe and Monk (1986) aimed to 
produce an integrated model of styles. The style construct developed contained 24 key ele-
ments, grouped into three areas: cognitive skills, perceptual responses study, and instructional 
preferences. Although the LSP marked an important attempt to put an assessment based ap-
proach to utilizing learning style into operation, there is still little evidence to support the reli-
ability of LSP.  

In addition, based on DeBello (1990) and Curry (1987), the strongest reliable learning style 
model is from Dunn and Dunn model as explained in detail below. 

iv) Models Based on Instructional Preference 

Models based on instructional preferences suggest that matching instructional methods to 
learners’ learning styles can lead to improved learning. Various models and perspectives are 
identified, namely models by K. Dunn and Dunn (1974), R. Dunn (1984), Grasha and Riech-
mann (1975), Kolb (1984), and Felder & Silverman (1988). These models focus mainly on the 
instructional preference that affects the individual learning behavior, whereby learners need to 
choose the learning materials according to their learning style preferences. 

Further analysis on the models reveals that the Dunn & Dunn learning style model has been 
revised and is the most internationally used model for the past 30 years (R. Dunn, Thies, & 
Honigsfeld, 2001). Therefore, this particular model has been adopted for further examination. 
Similar to K. Dunn & Dunn’s model (1974) is Felder & Silverman’s (1988) that provides simi-
lar domains; hence this model has also been adopted for further investigation. The examination 
reveals their similarities which are presented in Table 3.  

Table 3: Comparison of Dunn and Dunn’s model with Felder and Silverman’s model 

Model Based on Dunn and Dunn Model Based on Felder and Silverman 

Domain Elements Domain Elements 

Perceptual domain Auditory 
Visual Picture 
Visual Text 
Tactile Kinaesthetic 
Verbal (internal) 

Perception Sensory 
Intuitive 
 
 

Psychological Analytic 
Global 
Reflective 
Impulsive 

Input Visual 
Auditory 
 

Environmental Sound 
Light 
Temperature 
Seating (design) 

Processing Active 
Reflective 
 

Physiological Time of day 
Intake 
Mobility 

Understanding Sequential  
Global 
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Emotional Motivation 
Persistence 
Conforming 
Structure 

  

Sociological Alone/Pairs 
Small Group 
Team 
Authority 
Variety 

  

 

Further examinations on the models reveal their adoption potential as metadata element, as they 
offer verbal-visual dimension and the model domain elements are clearly outlined. Moreover, it 
would also draw information seekers to search for objects and use them according to their 
learning style preferences, which in turn would lead to more effective learning. 

In brief, among the learning style models described above, further thorough investigation sug-
gests that the model based on instructional preference is best adopted as the new extended 
metadata element. As such, the suggested vocabulary set and other technical details for learning 
style element, as in accordance to IEEE LTSC standard requirements, are described below. 

Metadata Element Name: Learning Styles 

The Recommended Vocabulary: Auditory/Verbal;  
Visual 

    Sensory 
Intuitive 

    Active 
Reflective 

    Sequential 
Global 

    Tactile Kinesthetic 
Internal Kinesthetic 

    Impulsive 
Team Interaction 

    Authority 
Variety 

Size:  It is the frequency that an element is capable of being repeated. The values can be in 
terms of “smallest permitted maximum (smp)” where it relates to both the number of 
repetitions of an element (or element group) and to other number of characters to be ac-
commodated by an element. It specifies the smallest number of repetitions or characters 
that systems must be able to accommodate for each element. 

Smallest permitted maximum for learning styles: 10 items 

Value space: Value space indicates the specific kind of values or content that can be associ-
ated with a particular element. It often corresponds to the datatype: Character-
String; Vocabulary (The value space is specified) or LangString, Datetime and 
Duration (The value space is unspecified) 

Value space for learning styles: Specified vocabulary 

Datatype: It is used for controlled vocabularies or lists of terms or numbers that are speci-
fied in advance for a particular element. In a web-based form or other human 
interface, these might be presented as a pull-down menu or pick-list. 
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Datatype for learning styles: Vocabulary 

Order: It is the importance of the sequence of the elements iterations. If an element is ordered, 
it signifies that the sequence of the element iterations is important and it will be se-
quenced in terms of importance or priority. 

 Order for the learning style: Ordered. 

Figure 3 illustrates the learning style metadata element. The element number given is 5.12 in 
which 5 refers to the fifth category in the IEEE LOM standard (the educational category) and 
12 is the sub-element number, extended from the existing 11. (See Appendix)  

5.12: Learning Style 
Explanation 

Size Order Value Space  Datatype 

The preferred learning style of 
the LO 
 

Smallest 
permitted 
maximum: 
10 items 

Or-
dered 

Auditory/verbal 
Visual 
Sensory 
Intuitive 
Active 
Reflective 
Sequential 
Global 
Tactile kinaes-
thetic 
Internal (and oth-
ers as described 
in Table 3) 

Vocabulary  

This element indicates the learning style embedded in the LO. 
Figure 3: Learning styles metadata element 

New Extended Metadata Element: Reusability  
Determining the extended metadata element to enhance reusability requires the use of dynamic 
concepts that require learners and experts to provide information on the LO’s past usage and its 
usefulness in particular instructional contexts. This is appropriate, as learners are believed to 
have some form of domain knowledge or knowledge relating to the general area of the search 
objective (Michel, 1994) before using or while searching for a particular object. It is also neces-
sary to determine the element vocabulary, as it aids in element design in working the LO sys-
tem. The vocabulary is established by using topic maps concepts as it is organized around top-
ics or subjects. Furthermore, it provides the association and occurrences for the topics dis-
cussed. A mapping exercise is formulated to deliver a representative construct based on topic 
maps concept, in which the representative construct will be appointed as the element vocabu-
lary. 

The representative constructs are not as exhaustive as the actual concept but it inhabits the main 
features of the actual concept. It is important to allow learners to obtain clear information on 
how the object was used in the past. The representative construct described in Figure 4 is ap-
pointed as the vocabulary element, in which related subjects and past usage are selected as the 
vocabulary. The topic construct was not chosen, as it had been described in other metadata sub-
element such as title and learning resource type. 
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Representative Constructs 
Construct Sub-

Construct 
Description 

Topic  The learning object that is 
being referred to 
 

 Topic 
names 

The title of the learning 
object (this can be 
obtained from the general 
element i.e. 1.2 
General.Title) 
 

 Topic 
Types 

The learning object types 
(this can be obtained from 
the Educational element 
i.e. 5.2. 
Educational.Learning 
ResourceType) 
 

Related 
Objects/Subjects

 The subjects that are 
relevant to the learning 
object 
 

Past Usage  The past usage of the 
objects i.e. how it was 
used in the past.  

 

 

 

 

Topic Maps Actual Concept 
Construct Sub-

Construct 
Description 

Topic  The topic that 
represents the topics 
referred 
 

 Topic 
Names 

The name of the 
topic i.e. formal 
names, symbolic 
names 
 

 Topic 
Types 

The kind of topic i.e. 
meaning, term, 
domain 
 

Occurrences  Information 
resources that are 
relevant to the topic 
 

 Occurrences 
types 

The types of  
occurrences i.e. 
article, illustration 
 

Association  Relationship 
between one or more 
topics 
 

 Association 
type 

Groups according to 
the association type 
i.e.: physical relation 
(part-of; has-part etc) 

  
Figure 4: Mapping exercise to obtain the representative construct 

In brief, other relevant information significant to history component development would be 
similar to any metadata element establishment, as such, it would include: 

Metadata Element Name:   History 
Metadata Sub-Element Name:   Past Usage 
      Related Subjects 
The Recommended Vocabulary:   NIL 
Size: Smallest permitted maximum: 10 items 
Order: Unspecified 
Datatype:  LangString (smallest permitted maximum 1,000 characters). Lang-

String is combination of a language indicator and a string of characters. 
In other words, it represents one or more character strings.  

 
Figures 5, 5.1, and 5.2 illustrate the history metadata element in detail. The history metadata 
proposed is extended under the educational element category, which is the fifth category in the 
IEEE LOM standard, as it is related to educational matters of the subject. As such the element 
number is given 5.13, to describe the 5th category and the 13th sub-element in the category. (See 
Appendix) 
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5.13: History 
Explanation 

Order Value Space  Datatype 

The history usage of the object 

 

Smallest 
permitted 

maximum: 
10 items 

Unspecified - 

 

LangString 
(smp: 1,000 
character)  

This element indicates the history of the object. It consists of sub-elements such as: 
• 5.13.1: Past Usage 
• 5.13.2: Related Subjects 

Figure 5: History metadata 

 
5.13.1: Past Usage 
Explanation 

Order Value Space  Datatype 

Description on how the object 
had been used previously 

 

Smallest 
permitted 

maximum: 
10 items 

Unspecified - 

 

LangString 
(smp: 1,000 
character)  

This element indicates the previous usage of the object 

Figure 5.1: Past usage sub-element 
 

5.13.2: Related Subjects 
Explanation 

Order Value Space  Datatype 

The subjects that are relevant to 
the object 

 

Smallest 
permitted 

maximum: 
10 items 

Unspecified - 

 

LangString 
(smp: 1,000 
character)  

This element indicates the educational subjects or educational topics that are relevant to the 
object, where the object is used as an example, exercise or a part of a text and others. 

Figure 5.2:  Related subjects sub-element 
Besides having history metadata element, it is also essential to extend the relation vocabulary to 
intensify LO reusability (Yahya & Yusoff, 2005a, 2005b, 2005c). This is in agreement with 
Dillon (2000), who noted that in order for LO to be more reusable, the relation element should 
be used effectively by providing various types of relationship with more vocabularies incorpo-
rated into the element. Various researchers have mentioned the types of relation that are useful 
for connecting research domain models where they are used to illustrate the interconnection 
between two domains used (Dillon, 2000; El Saddik, Fischer, & Steinmetz, 2001a, 2001b; 
Fischer, 2001; Seeberg et al., 2000); however, none have extended the vocabulary of the rela-
tion element to the existing IEEE LOM Standards. Therefore, the research examined the con-
cept behind the theories and undermined the appropriate relations to best describe the relations 
between objects.  

a) Rhetorical relation  
Rhetorical relation is established through Rhetorical Structure Theory (RST) (Mann & Thomp-
son, 1987), which was initially developed as part of computer studies based on text generation. 
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The theory further explained analysis of text coherence and relation between two spams of text, 
namely nucleus and satellite (Mann & Thompson, 1988). A set of RST relations was identified 
as stated in Table 4. These relations are used to illustrate relation between texts and used in text 
generation, text indexing, automatic summarization, and new program generation from digital 
archives (Lindley, Davis, Nack, & Rutledge, 2001). Therefore, rhetorical relation is potentially 
adopted to describe relationships between objects. This is in agreement with past works of El 
Saddik et al. (2001a, 2001b), El Saddik, Ghavam, Fischer, and Steinmetz (2000), Fischer 
(2001), and Seeberg et al. (2000), which used rhetorical relation to describe LO relationships 
with other objects. However, as these works do not provide details of rhetorical relations 
adopted, they are described here using IEEE LTSC standards and the latest set of rhetorical re-
lation. 

Table 4: Set of RST relations 
Nucleus-Satellite Relations 

Antithesis Background Circumstance 

Concession Condition Elaboration 

Enablement Evaluation Evidence 

Interpretation Volitional Cause Volitional Result 

Justify Motivation Non-volitional cause 

Non-volitional result Otherwise Purpose 

Restatement Solutionhood Summary 

 

Multinuclear Relation 

Contrast Joint List Sequence 

 

Figure 6 provides the evidence of rhetorical relation adaptability as an extended vocabulary.  

Animal Cell

• An animal cell typically contains several types of membrane-bound organs, or organelles. The 
nucleus directs activities of the cell and carries genetic information from generation to generation. 
The mitochondria generate energy for the cell. Proteins are manufactured by ribosomes, which are 
bound to the rough endoplasmic reticulum or float free in the cytoplasm. The Golgi apparatus 
modifies, packages, and distributes proteins while lysosomes store enzymes for digesting food. The 
entire cell is wrapped in a lipid membrane that selectively permits materials to pass in and out of the 
cytoplasm.

• There are also differences between the typical plant and animal eukaryotic cell. The main differences 
between plant and animal eukaryotic cells are that plant cells contain cell walls, glyoxysomes and 
plastids, while animal cells do not. Animal cells contain centrioles and lysosomes which are not 
found in typical plant cells. 

Example/Elaboration

Object A

Object B  
Figure 6: Use of rhetorical relation to describe object relationship 
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Analysis performed on all possible RST relation suggests that relevant relations are suitable to 
describe LO relationships, which are detailed in Table 5. 

Table 5: Selected relations to be extended as the vocabulary 

Relation Definition 
Elaboration Learning object A elaborates the content of learning object B 
Evidence Learning object B provides information to increase the belief 

in the claim mentioned in learning object A 
Interpretation Learning object B interprets or explains learning object A 
Justification Learning object B justifies learning object A 
Summary Learning object B summarizes learning object A 
Contrast/Opposite The content of learning object A and B are opposites 
Condition/Restriction Learning object B limits the content of learning object A 
Restatement/Alternative Learning object B provides an alternative of presenting learn-

ing object A 
Sequence Learning object B is the sequence or chronology of learning 

object A 
Summary Learning object B summarizes learning object A 

 

Relations such as Antithesis, Concession, Evaluation, Enablement, Otherwise, Volitional 
Cause, Volitional Result, Purpose and Solutionhood are excluded as they are ambiguous when 
describing relation between objects.  

b) Semantic relation 
Semantic relation is a relation between meanings or concepts, in which it relates words and 
items with similar meanings. Hjørland (2005) underlined the existing kinds of semantic rela-
tions, as detailed in Table 6. 

Table 6: Kinds of semantic relations 

Relation Definition 

Active relation A semantic relation between two concepts, one of which expresses the 
performance of an operation or process affecting the other 

Associative relation A relation which is defined psychologically by the people 

Causal relation A is the cause of B 

Hyponymous relation A hierarchical subordinate relation 

Locative relation A concept indicates a location of a thing designated by another concept 

Passive relation A relation between two concepts, one of which is affected to an opera-
tion or processed by the other 

Paradigmatic relation A relation between two concepts that is established by nature, self-
evident or by convention 

Related term A term that is semantically related to another term 

Temporal relation A relation in which a concept indicated a time or period of an event 
designated by another concept 

Source: Hjørland, 2005 
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Other types of semantic relation are also described in the Unified Medical Language MetaThe-
saurus (UMLS) (United States National Library of Medicine, 2005) and the Factotum Thesau-
rus (Cassidy, 2000) to present lexical knowledge base in thesaurus. Further analysis on these 
thesauruses reveals that the relations are divided into five categories: physical, spatial, tempo-
ral, functional, and conceptual. Table 7 further details the categories. 

Table 7: Semantic relations detailed categories 

Semantic Relations Categories 
isa 
associated_with 
physically_related_to 
part_of 
consist_of 
contains 
connected_to 
interconnects 
branch_of 
tributary_of 
ingredient_of 
component_of 
spatially_related_to 
location_of 
adjacent_to 
surrounds 
traverses 
connected_to 
functionally_related_to 
affects 
manages 
treats 
disrupts 
complicates 
interacts_with 
prevents 
requires 
brings_about 
produces 
causes 
 

[associated_with] (continued) 
[functionally_related] (continued) 
performs 
carries_out 
exhibits 
practices 
generated_by 
occurs_in 
process_of 
uses 
manifestation_of 
indicates 
result_of 
temporally_related_to 
co_occurs_with 
precedes 
conceptually_related 
evaluation_of 
degree_of 
analyses 
assess_effect_of 
measurement_of 
measures 
diagnoses 
property_of 
derivative_of 
developmental_form_of 
method_of 
conceptual_part_of 
issue_in 
has_meaning 
has_representation 
applies_to 

 

Analysis done on these thesauruses suggests that the categories and their relation are suitable 
for describing LO relationships as illustrated in Figure 7. The relations identified are therefore 
adopted as the extended vocabulary in the relation category and the sub-element is represented 
as 7.1 in Figure 8. 
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Figure 7: Learning objects relation using semantic relation 

 

Figure 8 illustrates the relation metadata element in detail. The relation metadata element is the 
7th category in the IEEE LOM standard (see Appendix) and the kind sub-element is the 1st sub-
element of the relation category. 

7.1: Kind 
Explanation 

Size Order Value Space  Datatype 

This element defines the 
relationship between the learning 
objects and other learning 
objects if there’s any relationship 
between the objects. 

Smallest 
permitted 
maximum: 
100 items 

Unordered Elaboration 
Evidence 
Interpretation 
Justification 
Summary 
Associate with 
(and others as 
stated in Table 7) 
 

- 

This element is used to indicate associations between learning resources. The associations are in 
the form of relations and its sub-elements. 
This element is used to indicate associations between learning resources. The associations are in 
the form of relations and its sub-elements. It does not describe the relations between metadata 
records. 

Figure 8: Relation metadata 
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The Attestation of Extended Elements Viability 
The extended metadata elements derived, namely learning styles, history, and extended relation 
vocabulary, were applied in MELOR (Yahya & Yusoff, 2005d) prototype system as proof that 
the metadata concept suggested is applicable and can be used by learners of MELOR or any 
digital repository. 

The findings, as shown in Figure 9, suggest that such an application is possible, and further use 
of these elements can help learners to access objects according to their preferences compared to 
using a single search process. Apart from that, further use of the history element can help learn-
ers understand the object better as it provides relevant past usage of the object. This gives 
learners ideas on how the objects can be used, and if they want to view the particular object in 
its described environment, it is possible to do so through related URL provided in MELOR pro-
totype system. This implies that the object is reusable as learners are able to access it in another 
context (i.e. other object kept in other learning environment, not in the system database) or in 
its current context (i.e. the object kept in the database). The related subject sub-element imple-
mented in the history element provides additional information on the use of objects in other 
subject areas or disciplines. This adds value to the LO where learners are able to see its usage in 
other subject disciplines which they are not familiar with.  

Generally the findings suggest that the extended metadata element is applicable and able to add 
value to a LO in terms of its usage and its ability to comply with learners’ learning preference. 
This indicates that learners are able to improve their learning process as they are able to learn 
according to their inclination and able to understand more about other usage of the objects. 
This, consequently, promotes reusability. 

Conclusion 
The paper has described the procedure adopted to determine extended metadata element and the 
mechanism to attest the establishment of the elements. It is essential to provide new elements 
according to the IEEE LTSC LOM standard as it will allow the object practicability into a 
working Learning Object Repository (LOR) system and also promotes interoperability. 

The enhancement of metadata elements is achieved by extending the current LO metadata stan-
dards with new elements (i.e. the learning styles, history, and extended relation vocabulary) that 
maximize the instructional use of the objects, provide learning context to learning objects, and 
maximize the objects reusability level. The findings suggest that the use of these extended 
metadata elements are useful to users as they are able to obtain and relate past usage informa-
tion with the current LO, choose learning styles associated to their preference, and obtain addi-
tional information on objects relation to other objects. Therefore, when these extended elements 
are made available, they will provide support to promote reusability. 

The findings of learning styles metadata element usage (Yahya & Yusoff, 2005b, 2005c) are in 
agreement with Adkins and Brown-Syed (2002), Larkin-Hein (2000), Larkin-Hein and Budny 
(2003) and Mustaro and Silveira (2006), who noted that allowing learners to choose their learn-
ing style preferences had improved the learners’ learning process and learning objects usage 
effectively. The learning styles metadata element proposed in this study is significantly differ-
ent from those in previous works carried out by CLEO (2001), CUBER (2004) and FAILTE 
(2002). These research organizations, which have developed LO metadata application profiles, 
proposed extended elements to provide clear pedagogic intent and emphasis to the LO. How-
ever, the extended elements derived by these organizations are meant for specific use targeted 
for local usage and community in the specific region. Therefore, it is not suitable to be adopted 
by different target community or users. Furthermore, none of these researchers included learn-
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ing styles as their extended metadata element, indicating that this study is not only providing a 
fresh metadata element but is also global in nature to maximize LO instructional use. 

The finding of history metadata element usage (Yahya & Yusoff, 2005b, 2005c) is in agree-
ment with Hiddink (2001a, 2001b) and Recker & Wiley (2001) who noted that there was a need 
to develop a history element in the metadata. However, the history element derived in this study 
is significantly different from those in previous works, specifically Hiddink (2001a, 2001b) and 
Recker & Wiley (2001) as these researchers did not use topic maps concept to describe the ob-
ject relation to other objects and its past usage.  

Recker & Wiley (2001) adopted a collaborative filtering technique to receive input and com-
ments from users, which is insufficient to promote LO reusability. Hiddink (2001a, 2001b) 
noted the importance of history files but further details and explanation on how it was devel-
oped and the concept used in developing the history element were not provided.  

The findings of relation extended vocabulary described earlier (Yahya & Yusoff, 2005a, 2005b, 
2005c) are in agreement with Dillon (2000), who noted that in order for the relation element to 
be used effectively in searching processes it should be able to provide various types of relation-
ships where more vocabularies should be incorporated into the element. However, none of the 
previous researchers (Dillon, 2000; El Saddik et al., 2001a, 2001b; Fischer, 2001; Seeberg et 
al., 2000) extended the vocabulary of the relation element. These researchers mentioned the 
types of relation useful for connecting research domain models, which were used to illustrate 
the interconnection between the two domains used (i.e. the concept space and the media 
bricks). The relations identified were based on rhetorical relation and ontology theory. How-
ever, these relations were not further extended to the existing IEEE Learning Object Metadata  
(LOM)Standards. Although the theoretical knowledge used to extend the relation element is 
similar to previous studies (Dillon, 2000; El Saddik et al., 2001a, 2001b; Fischer, 2001; See-
berg et al., 2000), relations identified were different from those derived in earlier studies, par-
ticularly the relations obtained based on rhetorical relation theory and semantic relations as 
domain of the current research is different from those of previous ones. This paper has exam-
ined the concept behind the theories and has undermined the appropriate relations to best de-
scribe the relation between learning objects.  
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Appendix 

IEEE LTSC Learning Object Metadata Elements 
IEEE LTSC Metadata Elements Category and Detailed Description 

Category Sub-Elements Description 

1. General The category groups the general information that describes this learning object 
as a whole 
It has sub elements such as: 
1 Identifier: A globally unique  label that identifies this learning object 

1.1 Catalog: The name or designator of the identification or cataloguing 
scheme for this entry. A namespace scheme. 

1.2 Entry: The value of the identifier within the identification or catalogu-
ing scheme that designates or identifies this learning object. A name-
space specific string 

2 Title: The name given to this learning object 
3 Language: The primary human language or languages used within this 

learning object to communicate to the intended user 
4 Description: A textual description of the content of this learning object. 
5 Keyword:   A keyword or phrase describing the topic of this learning ob-

ject. This data element should not be used for characteristics that can be 
described by other elements. 

6 Coverage: The time, culture, geography or region to which this learning 
object applies. 

7 Structure: Underlying organisational structure of this learning object 
8 Aggregation Level: The functional granularity of this learning object 

 

http://www.ijklo.org/Volume3/IJKLOv3p229-237Yordanova.pdf�
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Category Sub-Elements Description 

2. Life 
Cycle 

The category describes the history and the current state of the learning object 
and those entities that have affected the learning object during its evolution 
It has sub-elements such as: 
1 Version: The edition of this learning object 
2 Status: The completion status or condition of this learning object 
3 Contribute: Those entities (i.e. people, organisations) that have contributed to 

the state of this learning object during its life cycle (e.g. creation, edits, publi-
cation) 

3.1   Role: Kind of contribution 
3.2   Entity: The identification of and information about entities (i.e. people and 

organisation) contributing to the learning object. The entities should be or-
dered as the most relevant first. 

3.3   Date: The date of the contribution. 
3. Meta-
Metadata 

The category describes the metadata record itself  (rather than the learning object 
that this record describes) 
It has sub-elements such as: 
1     Identifier: A globally unique label that identifies this metadata record 

1.1   Catalog: The name or designator of the identification or cataloguing 
scheme for this entry. A namespace scheme. 

1.2   Entry: The value of the identifier within the identification or cataloging 
scheme that designates or identifies this learning object. A namespace spe-
cific string 

2     Contribute: Those entities (i.e. people, organisations) that have contributed to 
the state of this learning object during its life cycle (e.g. creation, edits, publi-
cation) 

2.1   Role: Kind of contribution. Exactly one instance of this data element with 
value “creator” should exist 

2.2   Entity: The identification of and information about entities (i.e. people and 
organisation) contributing to the learning object. The entities should be or-
dered as the most relevant first. 

2.3   Date: The date of the contribution. 
3     Metadata Schema: The name and the version of the authoritative specification 

used to create this metadata instance 
4     Language: Language of this metadata instance. This is the default language for 

all the LangString values in this metadata instance 
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Category Sub-Elements Description 
4. Technical The category describes the technical requirements and characteristics of the 

learning object. 
It has sub-elements such as: 
1     Format: Technical datatypes of all the component of this learning object 
2     Size: This data element shall refer to the actual size of the learning object. 

If the learning object is compressed, then this data element shall refer to 
the uncompressed size 

3     Location: A string that is used to access the learning object. It may be a 
location (i.e. URL) or a method that resolves to a location (i.e. URI) 

4     Requirement: The technical capabilities necessary for using this learning 
object. 

4.1   OrComposite: Grouping of multiple requirements. The composite re-
quirement is satisfied when one of the component requirements  is sat-
isfied i.e. the Boolean connector AND, OR 

4.1.1    Type: The technology required to use this learning object i.e. 
hardware, software, network etc. 

4.1.2    Name: Name of the required technology to use this learning object 
4.1.3    Minimum Version: Lowest possible version of the required tech-

nology to use this learning object 
4.1.4    Maximum Version: Highest possible version of the required tech-

nology to use this learning object 
5    Installation Remarks: Description of how to install this learning object 
6    Other Platform Requirements: Information about other software and hard-

ware requirements 
7    Duration: Time a continuous learning object takes when played at intended 

speed 
 

 

 

 

 

 

 



Yahya & Yusoff 

44 

 

Category Sub-Elements Description 

5. Education The category describes the key educational or pedagogic characteristics of the 
learning object. 
It has sub-elements such as:  
1 Interactivity Type: Predominant mode of learning supported by this learn-

ing object. 

2 Learning Resource Type:  Specific kind of learning object. The most 
dominant kind will be first. 

3 Interactivity Level:  The degree of interactivity characterizing the learning 
object 

4 Semantic Density: The degree of conciseness of a learning object. The se-
mantic density of a learning object may be estimated in term of its size, 
span or – in the case of self-timed resources such as an audio or video-
duration. The semantic density of a learning object is independent of its 
difficulty. It is best illustrated with examples of expositive material, al-
though it can be used with active resources as well 

5 Intended User Role: Principal user for which this learning object was de-
signed, the most dominant first 

6 Context: The principal environment within which the learning and use of 
this learning object is intended to take place 

7 Typical Age Range: Age of the typical intended user 

8 Difficulty: How hard it is to work with or through this learning object for 
the typical intended target audience. 

9 Typical Learning Time: Approximate or typical time it takes to work with 
or through this learning object for the typical intended target audience 

10 Description: Comments on how this learning object is to be used 

11 Language: The human language used by the typical intended user of this 
learning object. 
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Category Sub-Elements Description 

6. Rights The category describes the intellectual property rights and conditions of use for 
the learning object 
It has sub-elements such as: 
1    Cost 
2    Copyright and Other Restrictions 
3    Description 

7. Relation The category defines the relationship between the learning object and other 
learning object. 
It has sub-elements such as: 
1     Kind: It describes the nature of the relationship between this learning object 

and the target learning object 
2     Resource: This element refers to the target learning object (the referenced 

LO/the other LO) that this relationship references 
2.1   Identifier: This element describes the unique label that identifies the tar-

get learning object (the referenced learning object) 
2.1.1   Catalog: The element describes the name or designator of the identi-

fication or cataloging scheme for this entry, A namespace scheme 
2.1.2   Entry: The element describes the value of the identifier within the 

identification or cataloging scheme that designates or identifies the 
target-learning object (the reference learning object) 

2.2   Description: This element provides the description of the target learning 
object (referenced learning object) 

 
8. Annotation The category provides comments on the educational use of the learning object 

and information on when and by whom the comments were created. 
It has sub-elements such as: 
1    Entity: This element describes the entity (i.e. people, organizations) that cre-

ated the annotation 
2    Date: The date of the contribution 
3    Description 
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Category Sub-Elements Description 

9. Classifica-
tion 

The category describes where the learning object falls within a particular clas-
sification system.  
It has sub-elements such as: 
1    Purpose: This element describes the purpose of classifying this learning 

object 
2    Taxonpath: This element indicates the taxonomic path in a specific classi-

fication system. Each succeeding level is a refinement in the definition of a 
proceeding level. There may be different paths, in the same or different 
classifications, which describe the same characteristic 

2.1   Source: This element describes the name of the classification system 
2.2  Taxon: This element describes a particular term within a taxonomy. A 

taxon is a node that has a defined label or term. A taxon may also have 
an alphanumeric designation or identifier for standardized reference. 
Either or both the label and the entry may be used to designate a par-
ticular taxon. 

2.2.1   Id: This element describes the textual label of the taxon 
2.2.2   Entry: This element describes the textual label of the taxon 

3    Description: This element provides the description of the learning object 
relative to the stated 9.1:Classification.Purpose of this specific classifica-
tion such as discipline, idea, skill level, educational objective etc 

4    Keyword: Keywords and phrases descriptive of the learning object relative 
to the stated 9.1:Classification.Purpose of this specific classification such 
as accessibility, security, level etc most relevant first 

 

 

 

 



Towards A Comprehensive Learning Object Metadata 

47 

Learning
Object

Metadata

1.1.1 Catalog                   1.1 Identifier
1.1.2 Entry

1.2 Title
1.3 Language

1.4 Description
1.5 Keyword

1.6 Coverage
1.7 Structure

1.8 Aggregation Level

1. General

2.1 Version
2.2 Status

 2.3.1 Role        2.3 Contribute
2.3.2 Entity
2.3.3 Date

2. Life Cycle

3.1.1 Catalog      3.1 Identifier
3.1.2 Schema
3.2.1 Role          3.2Contribute
3.2.2 Entity
3.2.3 Date

3.3 Metadata Schema
3.4 Language

3. Meta-
Metadata

4.1 Format
4.2 Size

4.3 Location
4.4.1.1 Type           4.4.1 OrComposite     4.4 Requirement
4.4.1.2 Name
4.4.1.3 Minimum Version
4.4.1.4 Maximum Version

4.5 Installation Remarks
4.6 Other Platform Requirements

4.7 Duration

4. Technical

5.1 Interactivity Type
5.2 Learning Resource Type
5.3 Interactivity Level
5.4 Semantic Density
5.5 Intended User Role
5.6 Context
5.7 Typical Age Range
5.8 Difficulty
5.9 Typical Learning Time
5.10 Description
5.11 Language

5. Educational

6.1 Cost
6.2 Copyright and Other Restrictions
6.3 Description

6. Rights

7.1 Kind
7.2.Resource  7.2.1 Identifier      7.2.1.1 Catalog

7.2.1.2 Entry
       7.2.2 Description

7. Relation

8.1 Entity
8.2 Date
8.3 Description

8. Annotation

9.1 Purpose
9.2 Taxon Path        9.2.1 Source

9.2.2 Taxon    9.2.2.1 Id
9.2.2.2 Entry

9.3 Description
9.4 Keyword

9. Classification

Learning
Object

Metadata

1.1.1 Catalog                   1.1 Identifier
1.1.2 Entry

1.2 Title
1.3 Language

1.4 Description
1.5 Keyword

1.6 Coverage
1.7 Structure

1.8 Aggregation Level

1. General

2.1 Version
2.2 Status

 2.3.1 Role        2.3 Contribute
2.3.2 Entity
2.3.3 Date

2. Life Cycle

3.1.1 Catalog      3.1 Identifier
3.1.2 Schema
3.2.1 Role          3.2Contribute
3.2.2 Entity
3.2.3 Date

3.3 Metadata Schema
3.4 Language

3. Meta-
Metadata

4.1 Format
4.2 Size

4.3 Location
4.4.1.1 Type           4.4.1 OrComposite     4.4 Requirement
4.4.1.2 Name
4.4.1.3 Minimum Version
4.4.1.4 Maximum Version

4.5 Installation Remarks
4.6 Other Platform Requirements

4.7 Duration

4. Technical

5.1 Interactivity Type
5.2 Learning Resource Type
5.3 Interactivity Level
5.4 Semantic Density
5.5 Intended User Role
5.6 Context
5.7 Typical Age Range
5.8 Difficulty
5.9 Typical Learning Time
5.10 Description
5.11 Language

5. Educational

6.1 Cost
6.2 Copyright and Other Restrictions
6.3 Description

6. Rights

7.1 Kind
7.2.Resource  7.2.1 Identifier      7.2.1.1 Catalog

7.2.1.2 Entry
       7.2.2 Description

7. Relation

8.1 Entity
8.2 Date
8.3 Description

8. Annotation

9.1 Purpose
9.2 Taxon Path        9.2.1 Source

9.2.2 Taxon    9.2.2.1 Id
9.2.2.2 Entry

9.3 Description
9.4 Keyword

9. Classification

 
Schematic Presentation of the learning object metadata data model 



Yahya & Yusoff 

48 

Biographies 
Yazrina Yahya is currently a senior lecturer at Department of Science 
and System Management, Faculty of Information Science and Tech-
nology, National University of Malaysia. She received a Ph.D. in Intel-
ligent Multimedia from National University of Malaysia, M. Sc. in 
Business System Analysis and Design from City University, London 
and B. Sc. in Computer Science from National University of Malaysia. 
Her research interests include Web Based Technologies, System 
Analysis and Design, Semantic Web Technologies, Knowledge Man-
agement and Agent Based System. 

 

 

Mohammed Yusof is a Professor and the Dean of Faculty of Informa-
tion Technology & Multimedia Communication, Open University Ma-
laysia. He is also the head of the research group Mobile Learning for 
FITMC. 

He earned his Ph.D. and M. Sc. in Computer Science from Imperial 
College London. He is involved in the field of soft computing, systems 
thinking, IT Policy and Strategic Studies for many years. His current 
research interests are Intelligent Learning Management Systems, Mo-
bile Learning, Web Based Technologies, Web Mining and Expert Sys-
tems. 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [305 305]
  /PageSize [432.000 648.000]
>> setpagedevice


