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Abstract—The recent advances in web-based educational technology, is
providing diverse needs of e-learner and revolutionized the process of learning.
However, how to enrich the student’s understandability and stimulate the learning behavior towards cognitive learning beyond simple lookup is still remaining
as open research issue. To facilitate the effective learning process the technology has numerous ways of providing pedagogical assistance. The course content
description based on the dimensions of psychological factors and Bloom’s taxonomy can help in presenting course material so as to reduce cognitive load and
to influence the effective learning style. This paper examines various cognitive
strategies and resource description metadata in a course-based learning environment. Finally, the researcher proposed an ontology-based metadata for modeling the course contents of web-based learning environment that supports cognitive prerequisites of the learner.
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1

Introduction

Most of the existing research is concentrated on how to build better educational resources, how to deliver the contents as per the preferences and context of the learner.
But the mechanism to improve the understanding level and cognitive skills of learner
remains as open issue. The content delivery mechanism as per the cognitive needs of
learner is currently the focus of research in the educational domain. The cognitive
behavioral theory (CBT) can be considered as an important theoretical orientation to
understand the student’s behavior in web-based learning environments. To learn new
concepts it is heavily depending on what the student already knew and his learning
behavior.
In an intelligent tutoring system, the conceptual representation of course contents
will support the teaching of specific domain knowledge and it will be easier for the
student to select an appropriate material [1]. “It is ambivalent to make the learner
ambulate among learning concepts with one perspective [2]”, but it is the willingness
of the learner to navigate based on his skills and learning style.
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The recent web-based developments have led to reconsider the learning style research in adaptive e-learning systems [3], so as to improve the thinking skills of
learner. The effective learning strategies and knowledge acquisition process are the
mental activities that require the learner’s ability and experience, which consists of
mainly three activities such as Understanding, Applying, and Analyzing. In technology enhanced learning the integration of pedagogical strategies in an adaptive educational system leads to positive effects on the learning process and performance of the
student. The Pedagogical learning activities and assessment process make the student
in becoming independent and responsible for their own learning. The main requirement of providing comprehensive support to students learning experience is: the description of learning resources with pedagogical support and cognitive oriented
metadata.
The proposed work in this paper provides an expected useful insight into the
metadata using an ontological approach. That is designed for the purpose of describing the learning resources with the aim of supporting course-based learning environment. The proposed course content structure ontology synthesizes a number of pedagogical and instructional strategies to facilitate better understanding and improve
cognitive skills of the learner. The work presented in this paper focuses mainly on the
following aspects:
1. Various issues in learning environment that influence learning process
2. Description of pedagogical strategies and cognitive learning process
3. Ontological framework based on cognitive dimension for modeling the course contents

2

Cognitive Strategies and E-Learning Environment

The issues that can be derived from the perspective of self-regulated learning
framework associated with the course based learning environment are mainly three
interrelated dimensions such as Interface design (Presentation), Query response (Delivery) and Resource description (Storage).
2.1

Interface design

The well-designed content presentation approach could greatly influence student’s
navigation behavior towards investigative learning concerns. “Cognitive load theory
has been designed to provide guidelines intended to assist in the presentation of information in a manner that encourage learner activities and optimize intellectual performance [4]”. The dimensions of user-interface design should focus on the visual
representation of large collection of data to support exploratory search, as exploratory
search behavior is part cognitive learning.
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2.2

Response to query

The users' learning styles and query reformulation behavior is greatly influenced
by their thinking capability. The query reformulation is an important component of
web-search behavior, and the user’s success in Information Retrieval (IR) depends on
queries formulation [5]. The development of improved understanding needs exhaustive searching of information rather than traditional topical search. The extended
searching approach of learning environment must return potentially relevant and conceptually neighborhood items rather than a single set of a result in response to a user’s
query.
2.3

Resource description

Although the existing metadata standards for resource description in Intelligent and
Adaptive Learning Systems have proven their benefits to e-learners, the effective
inferring of cognitive skills and knowledge level of learner remains an open issue.
One of the key issues of a cognitive educational environment is the identification of
suitable learning resource by search engines and content management system. To
support more effective cognitive needs of the learner the user interface technology
and the resource description metadata should mainly consider the cognitive psychology and educational objectives of Bloom’s taxonomy [6].

3

Cognitive Learning Process

Cognitive skill development is the construction of thought processes through exploring, identifying and investigating the characteristics, attributes, relationships,
patterns and applicability of learning concept. The distinctions between the cognitive
thinking and knowledge actuation process are not always clear-cut. The development
of critical thinking skills and reasoning are associated with the prior knowledge and
ability (e.g., phonological memory) of learners. As shown in Figure 1, the prior
knowledge/background knowledge helps the learner in the mental processes, while
understanding the concepts and perceiving Issues and solutions of the problem.
Cognitive Learning style

Prior Knowledge
Declarative
Knowledge

Understandability

Procedural Knowledge

Contextual
Knowledge

Applicability
Analysis

Cognitive Inference
Perceiving Approaches
Issues and Solutions
New Ideas

Fig. 1. Cognitive skill development process

The terms critical thinking and learning style are another key factors that deal with
the learner’s activity, but the learner’s activity can be influenced by means of the
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content presentation environment and self-regulated learning strategies. The effectiveness of an e-learning system depends on the relevancy and presentation of learning content to the learner [7]. The content presentation approach enables the user to
explore further information in the context of the current learning topic. In studentcentered learning paradigms, the self-regulated learning processes leads to improvements in student performance [8]. Table 1 shows a sample of the self-regulatory
checklist in a cognitive learning process, which contribute to an increased learning
skill and to monitor and judging oneself from the specific quality of their work.
Table 1. Self-regulatory checklist in cognitive learning process

Understandability

Applicability

Analysis

4

How to reformulate learning topic with known concepts?
What kind of information and strategies need to know?
What are the properties and facts of the topic?
Do I have a clear understanding of what I am learning?
What is the nature of the topic?
Does the applicability make sense to me?
What are the various constraints, properties, facts and context of application?
How to decompose and define relationships among various components of
learning concept?
Do I need to make any changes to make it work as per the context and application environment?
What works and what does not work?

Cognitive Dimension and Resource Description

During the learning process, to get the complete understanding of the topic the student needs to perform sequence of actions to deal with the wide variety of didactic
resources such as course material, examples, exercises, tests, etc. accordingly to their
preferences and thinking process. This involves the efforts to develop the course content description through incorporating supportive metadata elements that helps to
understand the underlying intellectual knowledge about learning a concept and promotes excellence in learning and thinking process.
Most part of cognition cannot be expressed explicitly, which can be called as experiential knowledge [9], but the most effective way of improving the cognitive skills of
the learner on a particular concept or problem, involves providing the learner with
conceptual relations, technical requirements, context of the particular learning concept, etc. The psychological and pedagogical approaches to the content modeling can
significantly influence the retrieval of potentially usable learning content as per the
engagement and investigative behavior of learner.
No one of the existing metadata standards is encompassing all the required metadata elements for every type of application [10]. This requirement has made various
organizations to create their own application profile through the assembling of
metadata elements selected from one or more metadata schemas and incorporating
elements as per their specific needs. Furthermore, to facilitate the search and retrieval
of content units based on the semantics of the content, the semantic metadata must be
attached to them.
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The cognitive learning style (CLS) defines characteristics of the student learning
process [11], In order to model the course content ontology we have considered the
mental perspectives of the learner’s learning style. Based on student’s learning strategies the cognitive learning process dimensions can be comprised into three basic
categories; Understanding, Applying and Analyzing as shown in Figure 2. Each of
these stages can be further categorized into sub-processes that provide the details of
pedagogical support resources required by the learner. The proposed model assumes
cognitive learning as a cyclic process.

Fig. 2. Conceptual and mental perspectives of cognitive learning process

The courseware development process is the composition of the sequence of learning resources that are adapted to the particular educational context and scenario. As
per the course curriculum, the course designer put together a course of topics provided that there is a content repository with meta-information on each of the topics required in the course. The expressive power of the ontology allows us to encode different relations among various concepts.

5

Ontological Framework

This section presents an ontology-based conceptual framework to organize the
learning resources for cognitive learning environments. The proposed content model
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simplifies student’s knowledge-building activities. The ontological approach for description of learning contents improves the search precision through exploiting the
various properties and contextual details of learning resources. An ontology is defined
as a “formal and explicit specification of a shared conceptualization” [12]. It is a machine understandable format consisting of entities, attributes, and relationships. Ontologies enable creating semantic relationships between various learning objects. For
effective managing and intelligent access to learning resources, the semantic based
representation has great potential. It allows the search process to filter resources for
their intelligent discovery and to facilitate fast access to relevant learning resources.
As proposed by [13] the pool, of course concepts is connected to form a hierarchy
where items are likely to be related in two or more differing ways and Knolmayer, G.
F. [14] quoted that the composition of course, needs to understand the dependencies
between the learning contents.
The proposed conceptual model facilitates the learning environment that provides a
higher level of abstraction in the description of course contents. Based on the discussions in the previous sections, we proposed the course content model with some important class and relations, for effective and self-regulated learning process.
The central piece of course content description model is the “Concept” class. To
support the cognitive skill development process, the complementary materials with
different types of relations among various course concepts are helpful to enhance the
Understandability, Applicability and Analysis ability of learner. These three categories of pedagogical support, with base classes and concerned properties are as discussed below.
Understandability: (Concept.hasDescription and Concept.hasExplination ) It is
an initial appraisal of the learning process, the details of a concept such as Similar
concepts, Prerequisites, Background, etc., must be known before getting excellence
on the concept. The additional explanation of concept eventually accompanied with
an introduction, Summary, etc. These factors can influence the learner to improve the
understandability and motivates the learning process.
Applicability: (Concept.hasApplicability and Concept.hasInteractivity) the learner
tries to develop knowledge on the applicability of concept through understanding
various properties, behavior, context of the application, etc. To verify the acquired
knowledge, the learner attempts to solve the exercises and real world problems.
Analysis: (Concept.isSupportedBy) to get conclusions and to analyze the learned
concept, the student has to involve and verify the supporting details such as Facts and
Proofs of intended topic.
The ontological representation of the proposed Cognitive Resource Description
Metadata with Core Classes and Relations is as shown in Figure 3, which helps for
structuring course contents to improve the understanding level and cognitive skills of
the learner.
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Fig. 3. Core classes and relations of courseware content structure ontology

6

Conclusion

This paper described an in-progress research work on integrating pedagogical approach and cognitive based content presentation for web-based learning environments. Here, we discussed some of the important issues in a cognitive learning environment and proposed an ontology based content modeling paradigm that provides
the learning environment to improve the cognitive skills of the learner. The added
value of the proposed ontology lies in the representation of relations among concepts
that enhances the student's thinking process and it provides the means for commonlyobserved difficulties that the learner experiences while using we based learning system. The proposed approach makes the learner to get better insight into the topic and
the related ones. In the near future, we plan to extend this proposed work with suitably demonstrated application as a proof of concept; the prototype is to be implemented to provide cognitive based delivery of the learning material to the end user.
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