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Abstract: Open Educational Resources (OERs) contributes to ways for knowledge sharing and reusing
among given scientific and academic societies. The students and teachers have rapid and unlimited
access to content, prepared for different purposes and digital formats. Many projects have been started
to extend and improve the existing digital collections. A few analytical tools are developed for
automatic identification and monitoring of newly created and added OERs and for tracing the changes
in existing OERs. The researchers have applied learning analytics techniques for discovery, analysis
and reflection on given characteristics of emerged online content.

The aim of the paper is to review, analyze and model the domain of the OERs focusing on the
following research questions: What is the current state of research in the area of OERs?, What are
typical features of OERs? What kind of tools are used for OERs development, tracing and analysis?,
How learning analytics contributes to OERs creation, improvement and reusing?

The applied methodology consists of several procedures related to: discovery of appropriate
scientific literature in abstract and citation databases and usage of search engines, indexing and
delivering the full text or metadata concerning available scientific production, summarization and
analysis of returned results through bibliometric and machine learning methods and techniques;
development of analytical models that outline the current achievements and predictive models that show
the future trends.

The findings point out the educational context of application of OERs, the technological
approaches for automatic identification and analysis of OERs, the tools for OERs creation from
pedagogical and technical point of view, the attainments of learning analytics for further development
and enhancement of OERs.

Modelling the domain of OERs leads to better understanding how the OERs are created and
utilized, what are the main areas of their usage, what are the future directions of evolvement. The
models could be used by teachers and researches for outlining the current findings and for decision
making about OERs application and topics for research identification.

Keywords: Open educational resources; learning analytics, machine learning, modelling.

L. INTRODUCTION

Many projects at national and international level have been started in order to research the
needs and requirements for open content and also to develop methodologies and tools for Open
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Educational Resources (OER) creation. Digital and open education is connected to increase students’
awareness, possibilities for lifelong learning and also to a collaborative process of continuous
improvement the educational quality. OER initiatives are recognized as innovative approach for
proposition of boundless generation and sharing of knowledge.

This extensive production of learning materials requires learning analytics algorithms and
tools to track the emerged content, to analyze it and to improve/remove the re-mixed learning
materials. Resource Inspection, Selection, and Enhancement Framework (RISE) is just one approach
presented by Bodily et al. that automatically compare the students’ use of resources and their grades
with the aim similar and different resources among the utilized learning content in one course to be
identified [1]. The result is related to continuously course content optimization as ineffective resources
are improved or removed. On the other hand, Piedra and Caro report the development of a platform
(called Serendipity) that consists of two analytical tools: a search engine for datasets extraction from
digital repositories of OpenCourseWare (OCW) and OERs and a map that gives graphical information
about projects related to open courses and open resources [2]. Another analytical tool for tracing the
OERs in support of educators is proposed by Avila et al. [3]. It is based on the principles of Universal
Design Learning and facilitates material/content construction and evaluation the quality of OERs. The
tool is implemented as a module from a Learning Management System. It can be seen that analytical
tools and frameworks for discovery and improvement of OERs elaborate in parallel with the
continuously creation of open content and its usage for formal, non-formal or informal learning.

In the same time, the University Libraries take this role of knowledge distributorof OERs,
assisting all educational participants in their activities related to interacting with OERs. At this
moment, only one part of university libraries proposes to their students and educators a wide variety of
services for fast access, search, re-mix and evaluation of OERs. For example, the Illinois University
Library not only gives extended information, tips, and guides regarding different aspects of OERs, but
also the Openly Available Sources Integrated Search (OASIS) tool is integrated on its web site [4].
Another example comes from University of Washington Libraries which facilitate the research,
knowledge discovery and open content development through extensive catalogues, classifications, and
guidance, concerning available open services and digital repositories. Also, it proposes information
about existing authoring tools and ToolKits for open contend creation [5]. Moreover, the library of the
University of Queensland informs about creative commons licenses and copyright law at production,
re-usage and distribution of OERs, points out the collections of open textbooks, ebooks, open journals,
search engines for open image archives, audio and video collections, open software and applications
[6]. Also, a list with Massive Open Online courses (MOOCs), MOOC platforms and MOOC search
engines is published. A check list for evaluation of OERs is designed for identification the most
suitable open content by students and researchers for a given purpose.

Recently, the William and Flora Hewlett Foundation have noticed the need from better
technical infrastructure for OERs that includes: tools for authoring and automated feedback, tools for
metadata management, analytical tools, tools for import/export in different platforms and formats [7].
Barker and Campbell in their report [8] examine the importance of technologies for OERs
dissemination and that includes: digital repositories for specific and general content and web sites for
sharing different content types.

Therefore, the aim of this paper is to outline the achievements in the area of OERs in order to
analyze the current state and to point out the future trends. For this purpose analytical and predictive
models are developed, based on statistical and machine learning techniques. The paper is organized as
follows: the second section explains the research methodology, the third section outlines the OERs
landscape discussed in the scientific publications, the fourth section proposes several analytical and
predictive models regarding the OERs domain and the last one is concluding with some discussions
and issues for future studies.

II. METHODOLOGY

The research methodology consists of: a) Search literature procedure that includes formation
of query request for scientific papers identification in the largest abstract and citation databases
SCOPUS, Web of Science, and Dimensions, as well as in search engines for scientific production like

67



Google Scholar and Semantic Scholar. The main search query includes: open educational resources
and the complementary queries add key words and group words such as learning analytics, software,
tools, higher education, and scientific production. Then, found results are filtered according to: year of
publication, document type and source type and additionally sorted on relevance. Finally, the
bibliographic data describing the query results are extracted in appropriate formats and prepared for
analysis (the experiment is done in December 2019). b) Construction and visualization of bibliometric
networks with support of software VOSviewer [9] and performance of scientometrics and
bibliometrics analysis through RStudio, Bibliometrix and Biblioshiny applications[10]. SCOPUS and
Web of Science allow data extraction to be performed at most, respectively 2000 documents and 500
documents. Downloaded data from Dimensions concern 2500 documents. c) Applying machine
learning algorithm for linear regression through Octave software platform and algorithm for time
series prediction through framework for neural networks construction Neuroph Studio to find some
trending issues.

II1I. DRAWNING OPEN EDUCATIONAL RESOURCES LANDSCAPE

Following the above described methodology, the bibliometric network is constructed with a
dataset from SCOPUS through the software VOSviewer. Firstly, the results are obtained only for the
term: open educational resources. The chosen type of analysis is co-occurrences of author keywords
(terms) in scientific papers. Two terms are connected only with one link that could be with different
thickness and it depends of how many publications contain these two terms together [11]. The applied
counting method is full counting according to which each link is characterizes with strength 1 and if
the co-occurrences are n, then the total co-occurrence of this term is n. Figure 1 shows the connection
and the strength of the term open educational resources with other terms and the created visualization
is used to outline the OERs landscape. We classify the major connected terms to the term OERs in 8
groups that are different than the automatically generated clusters by VOSViewer: Learning analytics,
Pedagogy, Copyright, Learning context, Quality in OERs, Technology, Infrastructure, and Services
that are further explained through additional terms as it is presented in Table 1. The number of
occurrences (O) and the total link strength (TLS) for each term is also shown (in the following format
O/TLS).

In the visualization featured on Figure 1, each term is represented by a bubble. The size of a
bubble is directly proportional to the number of publications which contain the term analyzed.
Usually, terms co-occurring often are tending to be located close to each other [12].
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Figure 1. The constructed bibliometric network for the term open educational resources
(keywords co-occurrence network map, VOSviewer network visualization)

According to these terms extracted from the obtained bibliographic data we can conclude that
the scientific discussions connect OERs to: appropriate infrastructure mainly realized through digital
repositories, to contemporary technologies like web 2.0, semantic web and cloud computing, to many
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services for content authoring and interacting, to suitable pedagogical scenarios. Also, the attention is
focused on OERs quality, copyright law and tools for content analysis. OERs are used in different
learning context — in distance and blended learning, in engineering education and teachers training,
collaborative and self-regulated learning.

Groups (O/TLS) Additional terms (O/TLS)
Learning analytics content analysis (11/50), information retrieval (7/25), linked data (26/109),
(16/88) metadata (17/100)
Pedagogy (18/85) instructional design (18/156), connectivism (7/25), competences (10/51),
personalization (14/95), social networks (27/144), serious games (5/12), course
design (11/44), peer production (8/50), learning design (17/55), curriculum design
(12/83), assessment (9/66), teaching (23/158)
open license (9/40), creative commons (19/92), policy (8/30)
Learning context distance learning (48/301), language learning (8/27), mobile learning (27/152),
(17/88) eLearning (89/365), life-long learning (23/130), MOOC (132/482), teachers
training (17/69), collaborative learning (29/121), engineering education (7/25),
HE (74/308), blended-learning (22/103), PLE (11/47), self-regulated learning
(10/49)
Quality in OERs quality assurance (12/72), quality model (5/16), quality control (1/30), quality
(11/39) criteria (4/11)
Technology (15/46) Web 2.0 (16/97), cloud computing (12/40), web accessibility (6/23), widgets
(6/33), wiki (6/52), youtube (5/23), ontology (18/68), semantic web (22/128),
search engines (7/37)
learning objects repository (12/52)
Services for content interactive learning resources (5/20), open textbooks (5/22), open courseware
creation and (53/236), open access (46/276), usability (11/34), reuse (21/100), sharing (6/22),
interacting (12/37) learning objects (9/35)
Table 1. The terms connected to the term open educational resources

The RStudio is an integrated environment with open source tools and applications for data
processing and analysis and Biblioshiny is one of these tools used for quantitative exploration and
visualization of bibliographic datasets. The advantages of the applied approach could be summarized
as follows: (1) it gives possibilities for working with custom datasets with bibliographic data extracted
from SCOPUS, Web of Science and Dimensions, (2) it provides very detailed bibliometric analysis
based on co-word analysis, coupling method, analysis of scientific collaboration and co-citation, (3) it
presents different aspects of the analyzed datasets in the form of visual graphics.The results after
performed analysis on datasets obtained from SCOPUS, Web of science and Dimensions are similar
and this is the reason the generated graphics to be presented only from one of the explored data
sources. On Figure 2 the scientific production during the years according to SCOPUS is shown and it
can be seen that the interest to this topic increase from year to year. Figure 3 gives information about
the countries of the most cited authors and among the top ten are: USA, UK, Canada, Australia,
Germany, Spain, Greece, Netherlands, France and Finland.

. ST T e T Figure 3. The dependency between number of citations
Flg‘.l re 2. The dependency betweeg ngmbf:r of and countries (generated by Biblioshiny)
articles and years (generated by Biblioshiny)
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The journals and conference proceedings that publish scientific papers with topics related to
the OERs are shown on Figure 4. Among the top three sources according to SCOPUS are:
International Review of Research in Open and Distance Learning (IRRODL), Lecture Notes in
Computer Science, ACM International Conference Proceedings. According to Web of Science we
have on Top 3 publishing sources - International Review of Research in Open and Distributed
Learning, Open Praxis, and Sustainability. As far is concerning Dimensions we spot International
Review of Research in Open and Distributed Learning, Lecture Notes in Computer Science and Open
Praxis. All these journals are internationally recognized (with high impact factor), open access, peer-
reviewed and with topics related to open, distance and distributed learning. One notable is
Sustainability, an interdisciplinary journal that publishes papers in human sustainability from social,
economical, environmental and cultural perspective. Also, it can be seen that among the most relevant
sources for publishing is the Lecture Notes in Computer Science which includes technically oriented
scientific articles that leads to the conclusion for the increased interest to the OERs from the side of
computer scientists.
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Figure 4. The most relevant publishing sources (generated by Biblioshiny)

The frequency of the used terms in the scientific production during the years in logarithmic
scale is presented on Figure 5. With higher frequency are terms like: higher education, eLearning,
MOOCs, open access, online learning, learning objects, open textbooks, open educational practices,
blended learning. The terms used in the context of OERs during the past year are: textbooks, open
pedagogy, academic libraries, serious games, engineering education and STEM.
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Figure 5. The dependency between frequency of the used terms and years (visualization, made by Biblioshiny)

It is interesting to understand whether authors from different countries collaborate among each
other or the OERs initiatives, projects and publications are isolated events. For this purpose, the
country collaboration map is visualized on Figure 6 and it can be seen that the research in the domain
of OERs is based on authors’ collaboration, good practices exchange and performance of collective
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work. Examples for Bulgaria and Romania are provided on Figure 7. Bulgarian authors are in close
connection to authors from USA, Spain, Germany, Australia, Italy, Romania, France, North
Macedonia and Hungary, while Romanian authors collaborate with researchers from Spain, Germany,
Italy, Bulgaria, Portugal, Slovenia, North Macedonia, Hungary, and Malta.
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Figure 6. Country collaboration map (VOSviewer visulisation network)
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Figure 7. Collaboration maps (made through VOSviewer)

IV. TRENDS IN OPEN EDUCATIONAL RESOURCES

Predictive modeling is defined as data analysis for making decisions or solving problems [13].
The scope of this work is empirically gathered datasets to be processed not only with statistical
methods like these used from VOSviewer and Biblioshiny, but also machine learning algorithms to be
applied to predict future events. Thus, the first predictive model is created to show the tendency at
generated scientific production in the OERs domain and it points out the increased interest from the
scientific society (Figure 8a). The used dataset contains bibliographic data extracted from SCOPUS
database and Octave software platform [14] is utilized for its building. The applied machine learning
method is linear regression that is supervised algorithm and it is described through following formulas

[151:y, = B, + Bx, + €, where xis variable predictor, y is variable response, [, shows the line
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slope, S, is the line correlation
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The second predictive model is constructed with the dataset extracted from Web of Science
and the data are normalized to fit the interval [0, 1]. The applied method of supervised machine
learning is based on artificial neural networks (ANN) used in the context of number series prediction
[16]. Figure 8b presents the created model through Neuroph Studio[17] in the form of multi layer
perceptron that learns through backpropagation learning rule. The constructed ANN is optimized to
work with two inputs, one output and four hidden neurons. The trained data presents 70% of the
dataset. The learning rate is 0.1, the momentum is 0.5 and the obtained total mean square error is
0.0170075871045588. The applied activation function is chosen to be sigmoid. The model can predict
the next values in a number sequence and in this case the predicted values show the future number of
the scientific production concerning OERs.
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Figure 8. Predictive models in the domain OERs

V. CONCLUSIONS

The paper presents an approach for learning analytics application for the purposes of OERs
domain analysis. It is based on datasets extraction from abstract and citation databases SCOPUS, Web
of Science and Dimensions, bibliographic data processing and visualization of constructed
bibliometric networks with VOSviewer and Biblioshiny. The findings include extensive information
about the context of OERs usage, trending topics, the scientific production, the most relevant sources —
journals and conferences, the countries of actively involved authors, as well as the collaboration
among them.

The proposed approach in this paper is also used for development of predictive models based
on supervised machine learning methods like linear regression and artificial neural networks. They are
capable to predict the future evolvement of scientific production in the area of OERs, as well as any
other topics in this field.

This study about the domain of OERs could be used by researchers and educators for
understanding the current research and as an opportunity to be involved in the recently discussed
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topics. It could be applied as a starting point for further research of a given issue, stepping on the
outlined in this work “big picture” and on the created prognosis. The researchers could take into
account the proposed research approach that includes statistical and machine learning techniques and
that describes conceptually the OERs domain. The educators could take this overview picture to
propose novelty and more effective solutions for implementation of OERs in educational process.

In the context of the critical situation brought by the COVID-19 outbreak worldwide, when a
large number of countries suspended their courses in schools and universities, moving to online
learning, the OERs, MOOCs and Open Educational Practices (OEPs) proved their usefulness, being
adopted (or continuing previous experiences) by many educational institutions and teachers. They
bring innovation, flexibility, openness and collaboration in international communities of learning and
practice, as revealed by the exchange of best practices in the international webinar “How to Keep
Students Learning during Schools Disruption in COVID-19 Situation”, organized by the Smart
Learning Institute of Beijing Normal University in March 13 [18].

Teachers should become curators and facilitators of quality OERs and MOOC:s, integrating
them in their courses.

FutureLearn (https://www.futurelearn.com), the most important European MOOC platform,
support teachers with two new sections “How to Teach Online Courses” and “Disease Outbreak
Prevention Courses”.

Searching on the classcentral.com directory or directly on the big MOOC platforms edx.org,
coursera.org and udacity.com, teachers could find MOOCs to improve their knowledge in their
academic and research areas, and skills as Open Educators; also they could guide their students to
follow different (parts) of such massive courses, supporting them to become autonomous Open
Learners, participating in distributed learning communities.

In conclusion, it can be said that the open content and all connected to it issues will continue
to be in the focus of discussions, research and novel implementations. The authors and educators have
a huge volume with useful resources, best practices and theoretical frameworks that could be used as
bases for further exploration, analysis and inventions.

The future work will be focused on detailed exploration the domain of OERs for the both
countries: Bulgaria and Romania using the method of bibliometric networks construction for analysis
and machine learning techniques for creation of predictive models.
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