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MODELLING OF PEDAGOGICAL PATTERNS THROUGH
E-LEARNING OBJECTS

Abstract. Software platforms for e-learning support various options for presenting educational
content. One of the ways to organize and structure it is via so-called pedagogical patterns. They are
a method for describing and sharing knowledge and practical experience. Pedagogical patterns are
used to describe pedagogical situations that occur repeatedly in the learning process. In the context
of e-learning systems, there are various approaches to digitalization of pedagogical patterns. The
purpose of the paper is to show how to build instances of pedagogical patterns using e-learning
pedagogical objects, which can be easily and conveniently used as models in an adaptive e-learning
environment. An e-learning pedagogical object is an abstract concept that can be presented in the
concrete form of an e-learning object, an e-learning methodological object, an e-learning object for
monitoring and diagnostics or an e-learning object with learning outcomes. These objects are
building blocks for constructing instances of pedagogical patterns. This paper thoroughly discusses
the issue of creating instances of pedagogical patterns of the four types of e-learning pedagogical
objects. The instance of a pedagogical pattern is meant to serve to create subsections of educational
topics. The instances of the patterns built of e-learning objects are learning units that are used
depending on the context of a particular pedagogical situation.

The e-learning pedagogical objects and the pedagogical pattern instances are intended to be applied
in an adaptive e-learning environmentas teaching aids. Their theoretical models are
applied in Moodle LMS in line with the tendency for software to assist and replace some of the
teacher functions, while the teacher’srole is raised to a higher organizational, pedagogical and
methodological level.

Three instances of pedagogical patterns have been created through e-learning pedagogical objects:
“Early Feedback”, “Feedback Sandwich” and “Consistent Metaphor” in LMS Moodle, which have
been tested in the training course “Modeling of training courses in Moodle” during the autumn
trimester of the academic year 2021/2022 at the Faculty of Mathematics and Informatics of Paisii
Hilendarski University of Plovdiv, Bulgaria.

Keywords: e-learning object; pedagogical pattern; pedagogical pattern instance; adaptive e-learning

environment.

1. INTRODUCTION

Statement of the problem.The increased use of adaptive e-learning environments in
education raises the question of constructing the learning process through the composition of
curricula and topics from small learning units. In the field of adaptive e-learning, it is accepted
that such learning units are called learning objects or e-learning objects [1]-[4]. In this article
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we expand the understanding of an e-learning object, through the concept of an e-learning
pedagogical object. An e-learning pedagogical object is an abstraction of an object, which can
be presented in its specific form as an e-learning object, an e-learning methodological object,
an e-learning object for monitoring and diagnostics or an e-learning object with learning
outcomes. These objects are building blocks for creating instances of pedagogical patterns. The
specific situation for using a pedagogical pattern, together with the learning resources used, is
called an instance of a pattern [5].

The research goal.The purpose of the paper is to show how to build instances of
pedagogical patterns using e-learning pedagogical objects, which can be easily and
conveniently used later as models in an adaptive e-learning environment. For the purposes of
creating instances of pedagogical patterns from e-learning pedagogical objects and their
application in an adaptive e-learning environment, a model of e-learning pedagogical objects,
model instances of a pedagogical pattern and a concept for creating instances of e-learning
pedagogical objects have been developed. Instances of the patterns built of e-learning objects
are completed learning units which, depending on the context of a particular pedagogical
situation, may be part of a learning topic. A characteristic of the instances of pedagogical
patterns is that they represent a single step of the learning path that the learner takes in a certain
course of study. From this point of view, the instances are considered as doorsteps of a training
course, which the learner ascends.

2. THE THEORETICAL BACKGROUNDS

The learning process in adaptive e-learning platforms. Over the last decade, the
question of the development and application of adaptive e-learning has been increasingly raised
in educational practice. Adaptive e-learning software environments involve the use of web
platforms, Internet technologies, cloud services, conferencing applications, etc. Adaptive
learning is a new stage in the evolution of the learning process, where adaptation is achieved
between actors (teachers and learners) and objects (software machine and technology) at the
core of learning. The relationship between teacher and learner is improved. In adaptive e-
learning environments, the role of the machine which assists and replaces some of the functions
of the teacher is increasing. The role of the teacher has been raised to a higher organizational,
pedagogical and methodological level. Apart from the content and methodological part of the
training, the teacher is responsible for modelling the learning process in the respective
technological environment. Thus, in adaptive e-learning environments there are
interconnections between three parties involved in the learning process: teacher and learner,
teacher and machine, machine and learner. In this sense, the classic definitions of the learning
process in pedagogy as a relationship between teacher and learner need to be rethought and
redefined for adaptive learning.

Trends in adaptive e-learning platforms. The adaptive e-learning system includes a
comprehensive and systematic process of planning, design, development, evaluation of the
learning material and its adaptation to the needs of the learner [6], [7]. According to [8], [9]
[10] systems that automatically change their behaviour based on user actions and conclusions
about their needs are referred to as having adaptivity, whereas those that adapt their behaviour
based on changes in system parameters by the user are referred to as having adaptability. Issues
related to the modelling of adaptivity and adaptability in adaptive e-learning environments are
in the process of dynamic development. In scientific literature adaptivity and adaptability in
adaptive e-learning systems are divided into several categories: adaptation of user interface,
adaptation of learning process, adaptation of learning content, adaptivity of diagnosis and
assessment of knowledge, interactive problem-oriented adaptations, adaptations with
information filtering, group adaptations, on-demand adaptations, behavioral adaptations, etc.
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[11]-[16]. A characteristic of these categories of adaptivity and adaptability is that the emphasis
is on the development of technological tools for improving the possibilities for modelling
adaptivity in training courses. In this study we place emphasis on the construction of the models
of the study units which form or supplement the training course together with the standards and
the means for presenting digital information. In this study such are the model of an e-learning
pedagogical object, the model of an instance of a pedagogical pattern and interconnections
between e-objects, forming an instance of a pattern.

In adaptive e-learning the learner's e-learning style, the ways of forming an "e-learning
path™” and the type of e-learning objects that make up e-learning content are essential [17], [18].
The structure of the e-learning objects created in an environment for adaptive e-learning needs
to be such that they can be used repeatedly [19], [20]. E-learning objects in an e-learning course
can be stored, categorized, indexed, retrieved, etc. There are high requirements for these objects
in the adaptive training because through their models different educational and technological
tasks are solved. The model and technology that the learning object is built on determine how
it is designed, presented, transferred, etc. in and between different software platforms. There
are even higher requirements for an e-learning pedagogical object than for e-learning objects.
This is because through e-learning pedagogical objects, in addition to compiling learning
content, solutions to methodological tasks are sought to increase the quality and effectiveness
of education.

3. THE RESULTS AND DISCUSSION

3.1. Model of an e-learning pedagogical object

An e-learning object has two main characteristics: subject-specific information content
and technological content that achieves compatibility with software environments and
portability between different platforms. We have tentatively accepted that the information
content shall be called the core, whereas the technological content shall be called the envelope
for compatibility and portability. By analogy, an e-learning pedagogical object also has an
information core and a technological envelope (Fig 1. Model of an e-learning pedagogical
object).
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Fig 1. Model of an e-learning pedagogical object
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Thus, the core of a monitoring and diagnostic object is the means for assessment of
knowledge and quality of training; the core of a methodological object is the methods and
means of learning, assignments to the learners, work instructions, etc. In the core of an e-object
with learning outcomes various quantitative and qualitative learning outcomes are stored for an
individual learner, group or course. Respectively, the core of an e-learning object is composed
of thematic learning content. The technological envelope of these objects is developed through
an electronic standard and specification for presenting a certain type of resource in electronic
form. An alternative for building the envelope of an e-learning pedagogical object is to develop
it through a tool of adaptive e-learning environment wherein the object is stored.

When creating e-learning pedagogical objects and building instances of them, we chose
the option to develop them using the tools of LMS Moodle because of some advantages over
alternative systems, which will be justified below.

3.2. Concept of a pedagogical pattern and an instance of a pedagogical pattern

Pedagogical patterns are used to describe pedagogical situations that occur repeatedly in
the learning process [21], [22]. According to Bergin, one of the pioneers in the field, a
pedagogical pattern is a method for describing and sharing knowledge and practical experience
[23]. The patterns are applicable both in sharing experience between specialists in one field and
in teaching specific topics to students. Patterns are an abstract description of pedagogical
situations or tasks [5]. They are represented by an abstract model composed of fields. According
to different authors the fields vary in number and names with small differences. Most often
these fields are: problem, context, results, solution, discussion, special resources, related
patterns, contraindications, references [24]-[27]. The practical application of a pedagogical
pattern in an e-learning environment presupposes the creation of its digital instance [28]. It is
typical for an instance of a pedagogical pattern that it depends on the type of the pedagogical
pattern and on the subject area of its application. If a pedagogical pattern is an abstract concept
that can refer to different subject areas, its instance concerns a specific application in a particular
subject area. In this study an instance of a pedagogical pattern is designed in such a way that its
structure presupposes solution of a problem typical for the field when used in the learning
process (Figure. 2. Building an instance of a pedagogical pattern). An instance of a pedagogical
pattern is composed of e-learning pedagogical objects of a varying type and nature. For
example, an instance contains a learning object with thematic learning material; a monitoring
object with materials for monitoring the training and performing diagnostics on it, a
methodological object with methods and means of training, etc. In the instance, i.e. the process
of building an instance of a pattern of e-learning pedagogical objects, the definition of
relationships between the different types of e-learning pedagogical objects that make up the
instance is of the utmost importance. An instance of a pedagogical pattern contains pedagogical
objects with different functions, such as a learning topic, a test for examination of knowledge,
a teaching method, work instructions, etc. One of the tasks of an instance is to solve
methodological problems characteristic of the subject of education through the interconnections
between the different types of e-learning pedagogical objects and the technical possibilities of
the environment for adaptive e-learning. The application of an instance of a pedagogical pattern
presupposes, firstly, that it was created and, secondly, that it was integrated into an environment
for adaptive e-learning. The first process is of a theoretical, pedagogical and methodological
nature, i.e. it can be viewed as independent from technology, whereas the second process
concerns the representation of e-learning pedagogical objects in a software system.
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Fig. 2. Building an instance of a pedagogical pattern: LO e-learning object content,
MO - e-learning methodological object, DO - e-learning object for monitoring and
diagnostics, O - e-learning object with learning outcomes

3.3. Relations between e-learning pedagogical objects in an instance of a pedagogical
pattern

The realization of adaptive e-learning in a certain environment depends both on the tools
of the environment and on the model of an instance of a pedagogical pattern, i.e. the
interconnections between e-learning pedagogical objects. As can be seen in Figures 2 and 3,
learning objects from a learning content repository correspond to the context field,
methodological objects from a repository for methods and tools are connected to the solution
field, monitoring and diagnostic objects from a repository for monitoring and diagnostic tools
are connected to the problem field, electronic objects with learning outcomes from a repository
with educational outcomes are associated with the result field. It should also be borne in mind
that the fields of the instance problem, context, solution and result may include more than one
e-learning pedagogical object, respectively the connections between them vary from zero to the
number of electronic objects.
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Fig. 3. Relations between e-learning pedagogical objects in an instance of a pedagogical
pattern
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3.4. Concept for building an instance of a pedagogical pattern through e-learning
pedagogical objects

A concept for creation of e-learning pedagogical objects and construction of an instance
of a pedagogical pattern in an environment for adaptive e-learning was developed for
educational purposes. When building an instance of electronic pedagogical sites, it is necessary
to have repositories of different types of objects: training, methodological, monitoring and
objects with learning outcomes. The concept of the creation of e-learning pedagogical objects
and the construction of instances thereof are not bound to a specific technology. In practice,
however, the creation of e-learning pedagogical objects and the creation of instances depends
on the tools of the specific adaptive e-learning environment wherein they are developed or
integrated. This implies that the learning environment should have a rich set of tools for
modifying and modelling well-known electronic resources such as electronic text document,
hypertext document, audio file, video file, photo, graphics, animation, presentation, etc.

When building instances of a pedagogical pattern, two main actions are important:

1) Storing e-learning pedagogical objects in the fields of the instance of the
pedagogical pattern;

2) Determining the interconnections between the different types of e-learning
pedagogical objects, which are already presented in the fields of the instance.

The process of instantiation in practice means presenting a certain number of the four
main types of e-learning pedagogical objects in the fields of the instance of the pattern and to
determine the relations between the already stored objects. Although, according to various
authors, pedagogical patterns have between nine and fourteen fields, and respectively their
instances are composed of most of these fields, we are interested in four of them. These are the
problem, context, solution and result fields.

When building an instance of a pedagogical pattern, it is necessary to find a solution to
the following tasks:

1) To identify the pedagogical pattern appropriate for the specific learning situation;

2) To design the fields of the instance of the pattern in a specific electronic learning

environment;

3) To select and/or develop e-learning pedagogical objects intended for building an

instance;

4) To determine the affiliation of the electronic pedagogical objects in the fields of the

instance of the pedagogical pattern;

5) To make interrelations between the different types of e-learning pedagogical objects

presented in the fields of the instance.

The construction of instances implies that the author of a certain learning course has
developed e-learning pedagogical objects, which are stored in separate types of repositories. As
can be seen in . 2, such repositories are: Repository with learning content, from which e-
learning objects are selected; Repository with monitoring and diagnostic tools, from which
electronic monitoring and diagnostic sites are selected; Repository with methods and means of
training, from which methodological objects are selected; and Repository with results, which
stores qualitative and quantitative assessments of the learning process of various types and
nature.

3.5. Modelling of instances of pedagogical patterns in Moodle

E-learning standards guarantee compatibility between different technological products
and their components, the possibility of exchange and multiple use of e-resources [29]. From a
technical point of view, the standards refer to the compatibility and portability of digital
resources between different environments and platforms. They provide guidance for the design
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and development of digital content, ensuring portability and compatibility. Although popular
e-learning standards ensure the portability and compatibility of e-resources between different
adaptive e-learning environments, their application leads to many difficulties and obstacles in
building an e-learning course. In many cases the import of e-content from an external source
into a specific adaptive learning environment through an e-learning standard limits the
possibilities for modelling the adaptability of the course. The main organizations that develop
and offer technical solutions to electronic standards are ARIADNE, Prometheus, Instructional
Management System, Awviation Industry's CBT Committee, IEEE Learning Technology
Standards Committee, 1SO:Joint Technical Committee 1:SC36, Advanced Distributed Learning
Initiative for creating a model for free exchange of learning objects (Shareable Courseware
Object Reference Model — SCORM) [29]. After a number of experiments with different
versions and products for application and compatibility of electronic standards by the above-
mentioned organizations with adaptive e-learning environments Blackboard, ILIAS, Moodle,
Claryline, Atutor, DisPeL and ADOPTA, we came to the conclusion that when importing and
exporting digital resources, the use of an external electronic standard makes it significantly
more difficult to prepare the course.

An alternative for importing e-resources in an adaptive e-learning environment is to use
the integrated tools for e-content development on the e-platform itself. There is a wide range of
e-learning systems in the digital learning space. Referring to comparative analysis of
Blackboard, ILIAS, Moodle, Claroline, Atutor, DisPeLL and ADOPTA environments from the
source [30], on the basis of the possibility for adaptation to learning content, user needs and
individualization of training, depending on user behaviour, on the results shown and adaptive
testing and evaluation, it was concluded that the Moodle and DisPeL environments are the two
systems that meet the most criteria. In the training course "Modelling of training courses in
Moodle™ held in the autumn trimester of the academic year 2021/2022 in FMI at Paisii
Hilendarski University of Plovdiv, Bulgaria, the Moodle platform was selected for the
construction of instances of pedagogical patterns of electronic pedagogical objects to the
environment DisPeL, because it offers a richer tool kit for designing, creating and modelling
electronic resources.

The elements that were used to create e-learning pedagogical objects and build instances
of them in Moodle, together with specific tools for their modification, are file, folder, page,
book, forum, dictionary, hyperlink, workshop, chat, test, assignment, survey, database,
announcement, label, etc. The digital formats in which the e-learning pedagogical objects are
stored are pdf, docx, rtf, djvu, ppt, midi, mp3, avi, mpeg and wmv. Three instances of
pedagogical patterns were built through e-learning pedagogical objects: "Early Feedback",
"Feedback Sandwich™ and "Consistent Metaphor" in LMS Moodle, which were tested in the
training course "Modelling of training courses in Moodle™.

4. CONCLUSIONS AND PROSPECTS FOR FURTHER RESEARCH

In this paper, we have presented an extended interpretation of the term learning object in
e-learning environments through a concept and modelling of an e-learning pedagogical objects.
The discussed topics of digitalization of a pedagogical pattern, the concept of building an
instance of a pedagogical pattern through e-learning pedagogical objects, relations between e-
learning pedagogical objects in an instance of a pedagogical pattern and modelling of instances
of pedagogical patterns in Moodle, show how the purpose of the paper is achieved. The
presented research outcomes can be the basis for creating future e-learning courses and
modules. This aspect of the current research has to be investigated separately, as an
implementation of an instance of a pedagogical pattern application model. Such a model is
unofficially implemented as a relation between several Moodle repositories for digital content.
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Its formal description is a topic for another research paper and will be investigated in future
research.

There are several prospects for future work. The first one is the formalization of the
application model for implementing instances that can be achieved via the Moodle
environment. An alternative view of this prospect is an approach to creating an instance of a
pedagogical pattern in a Moodle-independent e-environment. After that, via a plug-in, this
module can be integrated into Moodle. The third prospect is related to developing native
software solutions. We have already planned the creation of such a plug-in module for
integrating digital content into Moodle. Furthermore, we plan to conduct several experiments
into the university courses Web design for gathering additional empirical data.
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Awnoramnis. [Iporpamui miaTthopMu Uit €IEKTPOHHOI'O HABYAaHHS MiATPUMYIOTH Pi3HI BapiaHTH
NOJAaHHS HABYAIBLHOTO KOHTEHTY. OMHUM i3 Ccroco6iB i HOro opraHizaiii Ta CTpPYKTypYBaHHS €
TakK 3BaHi Nejaroriuxi Mozeni. BoHn € MeTomoM /utst BiIoOpaskeHHs 1 PO3IOBCIOKEHHS OTPUMaHUX
3HaHb Ta MPAKTUYHOTO JOCBiqy. [learoriudi Moei BHKOPUCTOBYIOTHCS TS OIMKCY MEAAroriyHuX
CHTYallill, IKi HEOMHOPA30BO BHHHUKAIOTH I/l YaC HABYAHHS. Y KOHTEKCTi CHCTEM EJIEKTPOHHOIO
HaBUYaHHS ICHYIOTH pi3HI migxoaW a0 nMQpoBizamii nenaroriyHux mozeined. Mera pobotu —
NoKa3aTH, SK NOOyayBaTW TMeJaroriuHi Mojeni, BUKOPHUCTOBYIOUM TEIaroriddi o0’ eKTH
CJICKTPOHHOTI'O HaBYaHHH, K1 MOXHa JIETKO Ta 3pYy4YHO BIPOBAAUTH SAK MOJICJ'Ii B alaliITUBHOMY
CEepe/IOBHIII EIEKTPOHHOrO HaBuaHHs. [lemaroridynuii 00’€KT €NEeKTPOHHOrO HABYAHHS — II¢
a0CTpaKTHE MOHSATTS, sSIKE MOXKe OYTH IMPECTaBIEHO B KOHKPETHiH GopMi 00’€KTa elneKTpOHHOTO
HaB4YaHHA, MCTOAUYHOI'O 06,€KTa CJICKTPOHHOI'O HaBYaHHA, 00’eKTa CJICKTPOHHOI'O HaBYaHHA JI
MOHITOPHHIY Ta JIIarHOCTHKK YU 00 €KTa €EeKTPOHHOTO HaBYaHHS 3 pe3yJbTaTaMy HaBuaHHs. i
00'ekTH € 0a30BUMHM OJIOKaMH Jisi TTOOYIOBH TEarorivHuX Mmozeneil. Y paHiit poOoTi AeTaabHO
PO3ITIAHYTO INHUTAaHHA CTBOPCHHSI HeﬂarorquI/Ix MO}IeJ’[eﬁ 3 BHUKOPUCTAHHAM YOTUPBHOX THUIIB
MeIaroriyHux 00 €KTIB CIEKTPOHHOrO HaB4YaHHs. [IpencTaBieHuid MpUKIaL MeIaroriyHol Moaesni
NPU3HAYCHUH JUIS JIOCSTHEHHS NEBHUX OCBITHIX wineil. [lpukiagu Moneneld, CTBOpEHHX 3
BUKOPUCTAHHSM TMEBHUX 00’ €KTIB €JIEKTPOHHOI'0 HABYAHHS, MPEACTABIISIOTh HABYAIbHI OJIOKH, SIKI
BUKOPHCTOBYIOThCS 3aJIE)KHO Bijl KOHTEKCTY TIEBHOI NIeJ]aroriyHol cutyarii.

[enaroriuni 00’€KTH ENEKTPOHHOrO HABYAHHS Ta MEJAroriYHi MOJENi, NpH3HAuYeHi JuIsi 1X
3aCTOCYBaHHS SK 3acOOM HaBYaHHA B AaJalNTUBHOMY CEPEIOBHINI EJICKTPOHHOI'O HABYAHHS,
3acTocoBYyIOThCsi B Moodle LMS BiAmoBigHO 10 TeHAEHMIi mporpaMHOro 3a0e3reueHHs 3 METO
JIOTIOMOTY BHKJIaJlauy a0 3aMiHM JIesIKUX Horo (yHKIIIH, a poib BUKJIaqaua MiIHIMAEThCsl Ha OLIbII
BHCOKHI OpraHi3auiiiHui, efaroriyHuii Ta MEeTOANYHUI PIBEHb.

3a [JOMOMOrol MeNaroriyHuX o0’€KTIB ENeKTPOHHOTO HAaBYaHHS CTBOPEHO TPH IPUKIAIH
NelarorivHux Mogeneii: «PanHiit 3BopoTHHI 3B’5130k», « CEHBIY - METOJ 3BOPOTHOTO 3B’S3KY» Ta
«IlocninoBHa wmeradopa» B LMS Moodle, ski Oymu anpoOoBaHi B HaBYaJbHOMY Kypci
«MogentoBaHHs HaBYalbHUX KypciB y Moodle» mig uac ociHaboro tpumectpy 2021/2022
HaABYAIBHOTO POKY Ha (DaKysJbTeTi MareMaTukKH Ta iH(GopMaTHKu [LIOBAMBCHKOrO YHIBEPCUTETY
“Tlaiciit Xinennapcobkuii”, bonrapis.

Kiro4oBi c10Ba: 00’€KT eNEKTPOHHOTO HABYAHHS, ITEQArOTiYHA MOJENb; MPUKJIAA IeAarorigHoi
MOJIETIi; aJalITHBHE CEPEIOBUIILE EICKTPOHHOTO HABYAHHSI.
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