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CONCEPTUAL BASES FOR DESIGNING
MODULE “TOOLS FOR ADAPTIVE LEARNING
AND LEARNING STYLES"WITHIN MOOC
COURSE“ICTTOOLS FOR E-LEARNING”

The study presents a short overview of the development
of the adaptive learning concept, shows its contribution
to effective learning and teaching and introduces trends
of its further development which - in the form of adaptive
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e-learning — are related to the use of the ever-developing ICT.
It also presents the current ICT system tools. Furthermore,
it provides information about the research and design results
of the “Ostrava School” of adaptive e-learning. The results,
togetherwithanumberofotherinputs, will provide the content
framework for the specialized educational module “Tools
for Adaptive Learning and Learning Styles” within the MOOC
course “OCl Tools for E-leaning’ which is being developed
as an output of the IRNet international project.

Key words: adaptive learning, adaptive instruction,
learning styles, adaptive learning tools, adaptive
learning systems, intelligent adaptive learning, adaptive
educational hypermedia systems.

Introduction

Due to the development of ICT, adaptive learning,
which takes into account individual learners’ needs, is changing. Learners’
learning styles are one of the most significant characteristics. They
can be categorized according to a number of criteria which are based
on cognitive and emotional components of personality. Their combination
leads to the countless individual variants of real learning methods
which - to a certain degree — can be influenced by the current e-learning
resources. When the e-learning resources can react to the learners’ input
characteristics or their learning results, they become adaptive e-learning
systems (AES) or intelligent AES.

If these systems are used for evaluating learning outputs, they become
adaptive assessment systems (AAS). With the technical, personnel and
research background, universities can not only use both AES and AAS,
but also realize their experimental verification and implementation into
education.

That is why at the University of Ostrava a team of experts is developing
the module “Tools for Adaptive Learning and Learning Styles”
within the MOOC course “OCI Tools for E-leaning”, which should help
both the observers and creators of AES and AAS - particularly the future
teachers at all school levels (from university teachers to adult educators)
— learn how to use and implement them effectively. The course should
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provide conceptual knowledge, information about the trends and
development of adaptive learning, adaptive e-learning tools, the results
achieved by its application and skills necessary for the practical use
of the systems and evaluation of its effects.

Adaptive E-learning Development and Implementation

In the late 1950s, Gordon Pask introduced the idea of instruction
with the use of educational machines. As he thought it could be realized
through the conversation theory and game theory, he created adaptive
educational programs.

After the era of disinterest in the ideas of adaptive learning
which was associated mainly with the overall state of the movements
promoting and realizing different concepts of personalized learning,
there is a revival that is a result of the updates in the area of ICT.
The second important factor is the development in knowledge
of learning styles, cognitive styles, approaches to study, learning habits
and learning modes.

The beginning of the 21 century is seeing the rise of the so-called
Intelligent Adaptive Learning (IAL), which serves to individualize
and, to some extent, personalize learning for each student. Intelligent
adaptive learning is defined as digital learning that immerses students
in modular learning environments where every decision a student
makes is captured, considered in the context of the sound learning
theory, and then used to guide the student’s learning experiences,
to adjust the student’s path and pace within and between lessons,
and to provide formative and summative data to the student’s
teacher. This type of learning tailors instruction to each student’s
unique needs, current understandings, and interests, while ensuring
that all responses subscribe to sound pedagogy. The IAL System
is designed:

— to serve as a personal tutor to the student;

— to adapt the sequencing of the curriculum and associated learning

experiences;

— to individualize the pace of learning;

— to regulate cognitive load for the student;

— to engage students in learning through gaming (Dreambox, 2011).

The adaptive program Dreambox which is being developed
in the US.A. and Great Britain is showing promising results (WWC
Intervention Report, 2013, Harvard university, 2016).
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According to the latest NMC Horizon Report (2016), “Learning
Analytics and Adaptive Learning” should become a development
trend in the area of the implementation of educational technologies
at universities within a year.

“Learning analytics is an educational application of web analytics aimed
at learner profiling, a process of gathering and analyzing details of individual
student interactions in online learning activities. The goal is to build better
pedagogies, empower active learning, target at-risk student populations,
and assess factors affecting completion and student success. Adaptive
learning technologies apply learning analytics through software and online
platforms, adjusting to individual students’ needs. A paper by Tyton
Partners describes adaptive learning as a “sophisticated, data-driven,
and in some cases, nonlinear approach to instruction and remediation,
adjusting to a learner’s interactions and demonstrated performance level,
and subsequently anticipating what types of content and resources learners
need at a specific point in time to make progress. in this sense, contemporary
educational tools are now capable of learning the way people learn. Enabled
by machine learning technologies, they can adapt to each student in real
time” (p. 38).

The paper by Tyton Partners (2016), which deals with the development
of adaptive learning in the university environment (see the definition
of adaptive learning above), contains interesting information about
evaluating current e-learning products. It summarizes the reasons why
universities should change their approach to instruction and implement
the products. This will lead to the instruction becoming:

1. Active, insofar as it uses technology to add focus to the role of faculty
as instructors who shape the “journey” and outcomes of learning.

2. Relational, as faculty is empowered to work as subject matter
experts, coaches, and guides alongside students who are progressing
through an adaptive curriculum or assessment

3. Involved through the use of digital features and functions that
enable faculty to direct learners through a module, course, or program
and to stage interactions and interventions as needed

4. Insightful at scale through the use of analytics, dashboards,
and learning maps that provide faculty with greater transparency
into student progress, and the use of indicators or flags to suggest
potential interventions to improve the likelihood of student
success.
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The report also contains recommendations for new users of adaptive
systems and the description of 20 systems (platforms) which can
be used.

A number of impulses motivating universities and academics to use
the adaptive learning and teaching systems are based on the annual
IMS Global Learning Consortium reports. in the 2013 report, adaptive
learning, online homework and formative assessment were placed 3rd
in a two-dimensional matrix (Implementation Challenges and Learning
Impact Gain/Potential) with the following assessment: “Clearly superior”,
“Straightforward / Turnkey”, respectively. That means the authors see
great potential in adaptive learning.

The 2015 report (IMS Global, 2016) lists three new Learning Impact
Trend categories, which among others include the element of personalized
learning. These are

— Integrated Digital Curriculum to Enable Student-Centered
Learning underscores new ways to manage an array of curated digital
content and tool alternatives;

— Assessment Enhancements with Digital Technology marks
the growing proliferation of technology-based tools and applications
to assess student performance and learning outcomes;

— Educational  Accessibility and Personalization highlights
technology’s increasing ability to enhance all students’ learning
experiences, including those with physical and learning disabilities.

Determining the trends in the implementation of ICT into education,
i.e. The development of adaptive e-learning, is based on the results
of conducted experiments.

Although Beckman, Bertel and Zander (2015) did not found
statistically important impact of the instruction adapted to the student’s
preferred learning style on the verbal and visual areas, they found out
that it influences emotional factors such as motivation and satisfaction.
Emotional factors should not be underestimated as they play a substantial
role in self-regulated learning.

Surjono (2015) studied the effects of instruction in an adaptive system
which could realize instruction based on the combination of the learning
style and preferred multimedia. He named the system the “learning
mode”. He found out that the students who used a particular learning
mode achieved better results than those who used the system which did
not contain “their” mode on three successive occasions.
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At the end of their study aimed at the comparison of adaptive and
traditional instruction, Murray and Pérez state that “adaptive learning is touted
as a potential game-changer in higher education, a panacea with which
institutions may solve the riddle of the iron triangle: quality, cost, and access.
Though the research is scant, this study and a few others like it indicate that
today’s adaptive learning systems have negligible impact on learning outcomes,
one aspect of quality. There is also evidence that adaptive systems positively
impact other aspects of quality such as student persistence and engagement’.

In their study, Huang a Shiu (2012) confirmed the practicability
of user-centric adaptive learning (UALS), which employs users’
collective intelligence to generate adaptive learning paths and select
materials, which makes it comparable to a teaching expert. Students’
learning performances in Group 2 and 3 were not different to that
in Group 1. This study also found that learners have more satisfaction
and learning efficiency from user-centric adaptive learning. Students
in Group 1 did not perceive the improvement of their knowledge levels,
and the lengths of learning paths in Group 1 were significantly longer
than those in Groups 2 and 3. The research results reveal that users
may have different notions from an expert in concepts and learning
orders; and an expert tends to overestimate learners’ knowledge levels
when choosing learning materials. Since a gap exists between experts’
and learners’ views, and learners can easily share their knowledge
in the e-learning 2.0 environment, applying collective intelligence
to provide formal and direct learning services for the learners is more
promising and important in the future learning environment.

Note:

Group 1: Traditional e-learning that uses expert-defined learning paths and
content (users study through the learning paths and browse the materials that are
pre-defined by an instructor);

Group 2: User-centric and adaptive learning path with expert-defined content
(users study the course following the user-centric learning paths determined
by the adaptive navigation mechanism, but the material of each learning node
is decided by the instructor);

Group 3: Complete user-centric adaptive learning (users study the course
following the learning paths determined by the adaptive navigation mechanism,
and the materials of each learning mode are determined by the adaptive
presentation mechanism).
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Approach to Adaptive E-learning at University of Ostrava

Educational environment is considered adaptive when it can monitor
and interpret activities of the users, determine users’ requirements and
preferences on the basis of the interpreted activities and dynamically
adapt the education process.

The LMS Barborka is a system created at the University of Ostrava
which can adapt the content of instruction to different learning styles
of students and works with a detailed study material divided into
sections. The author of the course creates the study material in a number
of sensory forms and difficulty levels. The instruction itself is managed
by an algorithm the parameters of which are set by an expert on adaptive
education. The system is divided into the Student, Author and Expert
modules.

Author Module

This module contains adaptive study materials. Each course is divided
into units, frames, variants and layers. Using forms, the author inserts
the content of instruction into the system as a formatted text with added
metadata. The author only creates the content of instruction, they have no
power over the way of adaptation.

Student Module

This module is aimed at collecting information about the student,
i.e. determine their learning style and monitor and evaluate the course
of their instruction. The student’s learning style is determined through
a questionnaire. Furthermore, this module monitors the course
of the student’s instruction, particularly the time spent on the individual
parts and the level of correctness of their answers. During instruction,
the system offers the student the material that best corresponds to their
learning style. However, the student still can adapt the displayed material
to their own needs, i.e. if they are not satistied with the optimal variants,
they can select a different sensory form or depth of instruction. The system
monitors and records the changes made by the student and all the other
activities.

Expert Module

This module defines the actions of the so-called Virtual Teacher,
i.e. a program that displays suitably sequenced parts of the study material
in a suitable variant to a student with given characteristics. The Virtual
Teacher operates on the basis of a set of rules proposed by an expert
onadaptiveinstruction. Each rule consists of assumptions and conclusions,
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with “assumption” being the level of the students characteristics and
“conclusion” being the depth of the individual layer types and the sensory
type of the displayed frame.

The system uses two algorithms:

— Algorithm of adaptive selection of teaching style

On the basis of rules, this algorithm creates a recommended teaching
style for each student (specifies sensory variants, defines sequence and
depth for parts of the study material).

— Algorithm of adaptive learning management

On the basis of the determined learning style, this algorithm selects
and displays specific parts of the study material. Moreover, the algorithm
manages the reaction of the system to the student’s incorrect answer.

The expert rules used in both algorithms are of the IF - THEN
type. They represent “pedagogical experience, knowledge and skills”
in managing personalized education (Kostolanyova, 2012).

Selected Approaches to Adaptive E-learning System Solutions

at University of Ostrava

— A number of PhD students studying in the ICT in Education study
program who deal with partial problems of adaptive education in their
dissertations are a part of the team of experts focusing on the research
of adaptive education at the University of Ostrava. Therefore, the theory
of adaptive e-learning is gradually being verified in practice and expanded
by the results of related researches. A number of successfully defended
PhD dissertations were aimed at the following partial issues in the field
of adaptive education:

— Proposing the system of adaptive revision and electronic testing,
experimental verification of the proposed system and determining whether
the new form of revision helps improve the level of knowledge. Feedback
(for both students and teachers) in the form of detailed information which
describes their shortcomings, leads to the improvement in the tested area
(in an adaptive way based on the student’s results) and motivates them to study
and achieve better results. It helps teachers to improve their performance.

— Proposing the optimized model for the teaching of a foreign
language at a university; adaptation of the study material to individual
students based on the determined learning style.

— Proposing adaptive rules reflecting specifics of the foreign
language instruction in adaptive e-learning and creating an adaptive
study material for the teaching of a foreign language in a number
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of variants. Verify in an experimental manner whether there is a positive
relation between effective learning and individualized instruction
within the scope of the autonomous instruction of a foreign language
in e-learning.

— The goal of another dissertation was to create and verify an ICT-
supported individual model for the teaching of the English language
with regard to the students sensory characteristics. The issue was
approached by comparing the habit - the way in which the student had
been learning the foreign language up to then — with their sensorimotor
preferred learning style. The assumption that the students who followed
their existing learning habit would achieve better results was confirmed
in the area “reading with understanding”. In this case, better results are
knowledge tested immediately after the instruction and then again after
another 3 months. This way the level of sustainability of knowledge both
with and without hindsight is determined.

— Two dissertations dealt with the issue of evaluation. Each used
a different method and evaluated different facts. in the dissertations, two
new methods of automatic evaluation were proposed and tested.

— The first original method can partially replace a didactic review
written before the start of instruction according to the created study
material. It is based on the use of a semantic network of terms which
is automatically created above the study material. The semantic network
provides information about relations between terms of different types,
which are determined and recorded. The relations are further used
for determining whether the study material does not violate any
of the basic didactic principles.

— The second method automates the analysis of the education
process protocol. It uses the actual behavior of students during
instruction (recorded in detail) to statistically calculate various
characteristics and find the previously unknown associations between
the attributes of the education process. to achieve that, it uses data
mining.

All oftheabovementioned topicshavebeen tested through the proposed
adaptive system Barborka LMS (mostly through a pedagogical
experiment) on a sufficient number of pupils or students (there were
hundreds of them) at elementary schools, high schools or universities.
Following the evaluation, the results and recommendations are gradually
implemented into the Barborka LMS.
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Conclusion

Preparation of the syllabus of the study module and its transformation into
online study materials, which will include short thematic video sequences,
control tests and the final test, requires its authors to have deep knowledge
ofthe fundamental pedagogical and technological aspects ofadaptive e-learning.
That is why the particular theoretical concepts and research results, which will
become a curricular material necessary for achieving goals of the course in all
of the target domains, are analyzed and processed. At universities, this is, for
many reasons, a desirable trend which should reduce doubts about the effects
and effectiveness of digital education in the broadest sense.

Those who take this MOOC module can become better researchers
or users in that particular area. They can become better university
(or other) teachers but also, and mainly, better students who will better
understand the functions and possibilities of adaptive e-learning systems
and thus will want to use them more.

The paper describes the authors’ effort to present the issue of adaptive
e-learning to the students of the module from a variety of viewpoints,
particularly from the psychological, pedagogical and technological
viewpoints. The audiovisual presentation of the curriculum, the use
of feedback and presentation of the content in an interesting manner, which
will be achieved through the use of historical and comparative information
and the author’s own experience with designing and using adaptive
e-learning systems used at the University of Ostrava, seem to be potentially
suitable didactic tools for the practical implementation of the course.
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