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Abstract

Purpose: The research is intended to extract repetitive themes in the field of
semantic-rich learning and to express the basic opportunities and challenges
therein.Method: The method applied was to review the articles published in the
WOS database, during the years 2000 to 2020 by using the paradigm funnel
technique; moreover the Nvivo software was used for document analysis and theme
extraction.Findings: In the study, it was found that, establishing access to
appropriate educational content, proper analysis and representation of knowledge,
human capabilities enhancement, personalization of learning, and improving the
quality of assessment, are the most important positive effects of using STs in
learning; Also, in this study, nine themes and seven major challenges in the field of
semantic-rich learning were identified.Conclusion: personalization and adaptation,
and the development of various ontologies, are the most cited themes; and access to
learning content and concerns about the design and development of learning systems
are the most important challenges facing semantic-rich learning environments. We
believe that in order to overcome the enumerated challenges, the combination of STs
with other emerging cognitive and communication technologies, such as 10T, is
necessary and could be the subject of future research in this field.
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Introduction:

A semantic-rich e-learning environment as an Intelligent Learning
system (ILE) is a ‘personalized system that places the student at the
center of the learning process, it is based on a seamless integration of
shared knowledge according to the semantic web representations and
ontologies’ (Halimi & Seridi-Bouchelaghem, 2019). ILEs can be
broadly defined as computer-based educational systems that rely on
diverse Artificial Intelligence (Al) techniques to improve students
learning experience, and help them reach their learning objectives
(Jovanovic, Gasevic, Torniai, Bateman, & Hatala, 2009).

In computer science, semantics is “the theoretical study of meaning
in systems of signs, or the meaning or relationship of meanings of a
sign or set of signs (Kohlhase & Kohlhase, 2008); Therefore, ST is a
set of methods and tools which provide an advanced means for
categorizing and processing of data and also for discovering the
relationship in various groups (Rouse, 2017). ST techniques applied in
different fields like intelligent agents, data lakes, data governance and
newly emerged cognitive programs.

Some part of ST stems in primary artificial intelligence and studies
of expert systems; however, the tools which are created as a part of the
semantic web movement are considered as a basis for modern ST. the
Semantic Web is the evolution of the current Web, where in it,
‘information is given well-defined meaning, better enabling computers
and people to work in cooperation’ (Carmichael & Tscholl, 2013;
Jovanovic et al., 2009). The main idea of Semantic Web is to share
data instead of documents (Anshari, Alas, & Guan, 2015); this idea,
provides an appropriate response for the next generation of e-learning,
that according to which, learners should be able to “find, share, and
combine information more easily through Semantic Web” (Anshari et
al., 2015).

Semantic technologies are touted as the next big wave in
educational technology and as the solution to many problems in this
arena (Kohlhase & Kohlhase, 2008). these technologies are also
regarded as awareness of the kind and amount of the disability of
handicapped people in interacting with electronic learning systems
(Akin & Gokturk, 2019) and also as a “potential approach in helping
the users in web-based learning” (Chang, Tseng, & Liu, 2013).

Despite “the stunning potential of this idea , especially in
educational scenarios” (Kohlhase & Kohlhase, 2008), as Carmichael
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and Jordan (Carmichael & Jordan, 2012) argue, the nature of semantic
technologies (STs) has made them still an example of emerging
technologies; The content of published studies about the use of STs in
educational settings, also supports this claim. The emerging term
probably reflects the fact that STs are not yet fully understood and
there is a lack of research in this area. The present study, with regard
to this gap, and with a glimpse of semantic-based learning, has
identified the basic concepts, themes, and gaps, in this field.

Objectives of the study
This article aims to explore the current state of semantic-rich learning.
To get the desired results the key objectives of this study are:
e To identify the emergent themes within the field of semantic-
rich learning environments;
e To highlight the challenges and opportunities created by the
STs in learning environments.

Method

Application of STs in learning environments is a new issue to which
there is no agreement in its related concepts, tools of its assessment
and ways to investigate ; therefore, in order to achieve the objectives
of the study, it is appropriate to use the systematic literature review;
the present research uses the paradigm funnel technique suggested by
Berthon et.al (Berthon, Nairn, & Money, 2003). The reason for using
this technique is the possibility of combining the observations and
assumptions while assessing the methods and implied assumptions in
the literature of the issue under investigation. In order to analyze the
examined documents and extract the themes, version 12 of Nvivo
software has been used.

Search and select appropriate studies

In order to reach the studies done concerning the topic of the present
research, WOS database in the years between 2000 and 2020 A.D.
was searched. we considered the following criteria for selecting
studies: Studies are written in English, have full text access, and their
topic is about the use of STs in teaching and learning; the list of
keywords used included: Semantic Technology (ST), semantic web
(SW), Education, eLearning, educational technology (ET); in order to
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retrieve the related studies more precisely, different combinations of
keywords and their shortened forms were used.

This search yielded 229 articles. The retrieved articles were first
review based on their relevance with the application of the Semantic
in learning; this review was based on the abstract and keywords of the
articles. at this stage, 76 articles were identified as related studies.
these articles were carefully analyzed one by one. during this
analytical review, 12 other articles were identified as irrelevant;
therefore, the extraction of themes and challenges related to the
research topic, is based on the remaining 64 articles.

Using the paradigm funnel technique

Paradigm funnel technique categorizes previous studies into four
levels  ranging from explicit and observable to implied and
unobservable and provides the possibility of combining the observable
assumptions and implied assumptions while assessing the methods
based on the paradigm funnel technique. The results of investigations
in the four levels are categorized as follows:
= Empirical Research (Level 1): Includes those articles that
employed empirical observation to catalog and identify gaps
in existing literature.
= Analytical Methods (Level 2): Includes those articles that
focus on the use of specific analytical methods to examine
the subject of research. The main purpose of this level is to
select the appropriate methodology for studying the research
topic.
= Specific Theory (Level 3): Includes those articles that have
investigated the subject of research based on a particular
theory.
= Core Assumptions (Level 4): includes articles that challenge
the most basic ontological, epistemological, methodological,
and axiological assumptions associated with semantic-rich
learning.
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Overview of studies

Tables 1 and 2 show the general characteristics and nature of the
articles selected for systematic review. According to Table 2, nearly
60% of the articles (38 articles) conducted their studies, based on the
Design Science Research (DSR) Strategy; In other words, the
dominant strategy for examining issues surrounding ST-based
learning environments is DSR.

Table 1: Details of articles related to semantically rich learning

environments

Reviewed
articles

64

Publication
year

2003 (1), 2004 (4), 2006 (2), 2007 (1), 2008 (1), 2009 (4), 2010
(1), 2011 (6), 2012 (11), 2013 (7), 2014 (4), 2015 (9), 2016 (2),
2017 (3), 2018 (3), 2019 (5).

Journals
field

Interactive Learning Environments (7), Educational Technology
& Society (7), Journal of Universal Computer Science (6),
Transactions on Learning Technologies (4), Technology
Pedagogy and Education (4), British Journal of Educational
Technology (3), Knowledge-Based Systems (2), Computing and
Informatics (2), Expert Systems with Applications (2), Journal of
Computer Assisted Learning (2), Information Systems Frontiers
(1), Automation in Construction (1), Computers in Human
Behavior (1), Multimedia Tools and Applications (1),
Educational Sciences-Theory & Practice (1), Journal of Ambient
Intelligence and Humanized Computing (1), Ieee Transactions on
Systems Man and Cybernetics Part C-Applications and Reviews
(1), International Journal of Information Technology & Decision
Making (1), Journal of Visual Languages and Computing (1),
Information Sciences (1), British Journal of Educational Studies
(1), Journal of Applied Research and Technology (1), Studies in
Informatics and Control (1), Semantic Web (1), Education and
Information Technologies (1), Program-Electronic Library and
Information Systems (1), Behaviour & Information Technology
(1), Informatica (1), International Journal of Educational
Technology in Higher Education (1), Journal of the American
Society for Information Science and Technology (1), Discourse-
Studies in the Cultural Politics of Education (1), Ieee Access (1),
Journal of Information Science and Engineering (1), Proceedings
of the Ieee (1), Eurasia Journal of Mathematics Science and
Technology Education (1).
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Table 2: Research strategies/methods used in the reviewed articles

Rescarch Articles
strategies/methods
(Ounnas, Davis, & Millard, 2009), (S. H. Wang & Wang, 2012),
Case study (4) (Tracy & Jordan, 2012), (Moreale & Vargas-Vera, 2004)
(Anshari et al.,, 2015), (Carmichael, 2011), (Carmichael &
Tscholl, 2013), (Jia, Huang, & Jiao, 2018), (Friesen &
Conceptual (13) Anderson, 2004), (Aroyo et al., 2006), (Devedzic, 2003),

(Carmichael & Jordan, 2012), (Jovanovic et al., 2009),
(Lafuente, 2017), (Kohlhase & Kohlhase, 2008), (Aroyo &
Dicheva, 2004), (Poore, 2014)

Design science
(38)

(Gaeta, Mangione, Orciuoli, & Salerno, 2013), (Bajenaru,
Smeureanu, & Balog, 2016), (Raju & Ahmed, 2012), (Cuong,
Arch-Int, & Arch-Int, 2018), (Dascalu, Bodea, Tesila,
Moldoveanu, & de Pablos, 2017), (Coccoli & Torre, 2014), (Y.
Kim, Jung, Ji, Hwang, & Rho, 2019), (Pattuelli, 2011),
(Canales-Cruz, Sanchez-Arias, Cervantes-Perez, & Peredo-
Valderrama, 2009), (Tovar, Piedra, Chicaiza, Lopez, &
Martinez-Bonastre, 2012), (Chi, 2009), (Romero, North,
Gutierrez, & Caliusco, 2015), (Zablith, Fernandez, & Rowe,
2015), (Nguyen, Arch-Int, & Arch-Int, 2017), (Sanchez-Vera,
Fernandez-Breis, Castellanos-Nieves, Frutos-Morales, &
Prendes-Espinosa, 2012), (Castellanos-Nieves, Fernandez-
Breis, Valencia-Garcia, Martinez-Bejar, & Iniesta-Moreno,
2011), (P. Kim, Ng, & Lim, 2010), (Rodriguez, Gago, Rifon, &
Rodriguez, 2015), (Fernandez-Breis et al., 2012), (Borges &
Silveira, 2019), (Halimi, Seridi-Bouchelaghem, & Faron-
Zucker, 2014), (Iatrellis, Kameas, & Fitsilis, 2019), (Caravantes
& Galan, 2011), (Jeremic, Jovanovic, & Gasevic, 2013), (H. C.
Wang & Huang, 2013), (Henze, Dolog, & Nejdl, 2004), (Dzbor,
Stutt, Motta, & Collins, 2007), (Piedra, Chicaiza, Lopez, &
Tovar, 2015), (Dagiene, Gudoniene, & Burbaite, 2015), (Halimi
& Seridi-Bouchelaghem, 2019), (Vesin, Klasnja-Milicevic,
Ivanovic, & Budimac, 2013), (Romero, Saucedo, Caliusco, &
Gutierrez, 2019), (Martinez-Garcia & Corti, 2012), (Shabajee,
McBride, Steer, & Reynolds, 2006), (Baldoni et al., 2011),
(Gasevic, Zouaq, Torniai, Jovanovic, & Hatala, 2011), (Rani,
Nayak, & Vyas, 2015), , (Poulovassilis, Selmer, & Wood, 2012)

Experiment (4)

(Edwards & Carmichael, 2012), (Martinez-Garcia, Morris,
Tscholl, Tracy, & Carmichael, 2012), (Harchay, Cheniti-
Belcadhi, & Braham, 2015), (Dietze, Sanchez-Alonso, et al.,
2013)

(Lozano, Gracia, Corcho, Noble, & Gomez-Perez, 2015),

mixed method (2) | A\ppas, Ahmad, & Kalid, 2014)
(Dascalu, Bodea, Mihailescu, Tanase, & de Pablos, 2016),
survey (3) (Dietze, Kaldoudi, et al., 2013), (Pereira, Siqueira, Nunes, &

Dietze, 2018)
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paradigm funnel application

In this section, the results obtained by applying the paradigm funnel
on the selected articles will be explained. The aim of doing so is
determining the position of the topic. Table 3, shows the list of articles
related to each level of funnel. The number of articles in each level
clearly shows the reason why the word ‘funnel’ is used in this
approach.

In the first row, the list of articles related to the first level of
paradigm funnel is shown. This list includes thirty-one articles which
have investigated the existing gaps in semantic-rich learning
environments, based on empirical observations.

the second row shows the articles related to the second level of the
funnel. this list includes sixteen articles which have used a specific
methodology in the field of semantic-rich learning. the few number of
articles in this part can prove that the topic of the present research is
up-to-date.

The third row shows the articles related to the third level of the
funnel. This list includes eleven articles which have investigated
semantic-rich learning, based on different theories. Connectivism, the
learner as a knowledge producer, self-regulated learning, participatory
design, technology-enhanced learning, constructive pedagogical
models, turn to practice, problem-based learning, and case-based
learning, are the most important theories, used in reviewed articles.

In the fourth row, a list of articles related to the fourth level of
paradigm funnel is shown. This list includes six articles which
challenge core assumptions related to semantic-rich learning. the
content of articles at this level has been used mainly to identify gaps
and challenges facing semantic-rich learning environments.

Table 3: Articles related to each level of the paradigm funnel

Level . articles

articles

(Y. Kim et al., 2019), (Pereira et al., 2018), (Jia
et al., 2018), (Cuong et al., 2018), (Nguyen et
al., 2017), (Dascalu et al., 2017), (Bajenaru et
1: Empirical 31 al., 2016), (Zablith et al., 2015), (Romero et al.,
Research 2015), (Rani et al., 2015), (Coccoli & Torre,
2014), (Gaeta et al., 2013), (S. H. Wang &
Wang, 2012), (Tovar et al., 2012), (Sanchez-
Vera et al., 2012), (Raju & Ahmed, 2012),
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Level

No. of
articles

articles

(Poulovassilis et al., 2012), (Martinez-Garcia et
al.,, 2012), (Pattuelli, 2011), (Gasevic et al.,
2011), (Castellanos-Nieves et al., 2011),
(Carmichael, 2011), (Baldoni et al., 2011), (P.
Kim et al., 2010), (Ounnas et al., 2009), (Chi,
2009), (Canales-Cruz et al., 2009), (Shabajee et
al., 2006), (Aroyo et al.,, 2006), (Friesen &
Anderson, 2004), (Devedzic, 2003).

2: Analytical
Methods

16

(Iatrellis et al., 2019), (Borges & Silveira, 2019),
(Dascalu et al., 2016), (Rodriguez et al., 2015),
(Piedra et al., 2015), (Harchay et al., 2015),
(Dagiene et al., 2015), (Halimi et al., 2014), (H.
C. Wang & Huang, 2013), (Jeremic et al., 2013),
(Dietze, Sanchez-Alonso, et al, 2013),
(Fernandez-Breis et al., 2012), (Caravantes &
Galan, 2011), (Dzbor et al., 2007), (Moreale &
Vargas-Vera, 2004), (Henze et al., 2004).

3: Specific Theory

11

(Halimi &  Seridi-Bouchelaghem, 2019),
(Martinez-Garcia & Corti, 2012), (Romero et
al., 2019), (Dietze, Kaldoudi, et al., 2013),
(Jovanovic et al., 2009), (Abbas et al., 2014),
(Carmichael & Jordan, 2012), (Lozano et al.,
2015), (Carmichael & Tscholl, 2013), (Vesin et
al., 2013), (Tracy & Jordan, 2012).

4: Core Assumptions

(Edwards & Carmichael, 2012), (Kohlhase &
Kohlhase, 2008), (Anshari et al., 2015), (Poore,
2014), (Aroyo & Dicheva, 2004), (Lafuente,
2017).

Prevalent themes regarding semantically rich e-learning

The analysis of the reviewed articles reveals nine themes related to
educational environments enriched with STs. A list of these topics and
related articles is shown in Table 4. The following is a description of
each topic and the main issues raised around it.
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Table 4: Prevalent themes identified from studies (n=64)

Identified theme and
No. of related
articles

Articles

personalization and
adaptation (29)

(Romero et al., 2015), (Rani et al., 2015) ,(Raju & Ahmed,
2012), (Nguyen et al., 2017), (Y. Kim et al., 2019) ,(Jia et
al.,, 2018), (Gaeta et al.,, 2013), (Cuong et al., 2018) ,
(Canales-Cruz et al.,, 2009) ,(Baldoni et al., 2011) ,
(Bajenaru et al., 2016) ,(H. C. Wang & Huang, 2013),
(Piedra et al., 2015), (Pereira et al., 2018) ,(Moreale &
Vargas-Vera, 2004) ,(Jeremic et al., 2013) ,(Iatrellis et al.,
2019) ,(Henze et al., 2004) ,(Halimi et al, 2014) ,
(Fernandez-Breis et al., 2012) ,(Dagiene et al., 2015) ,
(Vesin et al., 2013) ,(Romero et al., 2019) ,(Jovanovic et
al., 2009) ,(Harchay et al., 2015), (Carmichael & Jordan,
2012), (Poore, 2014)) ,Aroyo et al., 2006), (Aroyo &
Dicheva, 2004)

ontology building and
development (27)

(Zablith et al., 2015) ,(S. H. Wang & Wang, 2012) ,(Tovar
et al., 2012) ,(Romero et al., 2015) ,(Rani et al., 2015) ,
(Nguyen et al., 2017) ,(Y. Kim et al., 2019) ,(Jia et al.,
2018), (Devedzic, 2003), (Bajenaru et al., 2016) ,(H. C.
Wang & Huang, 2013), (Piedra et al., 2015), (Pereira et al.,
2018) ,(Iatrellis et al., 2019) ,(Fernandez-Breis et al.,
2012) ,(Dzbor et al., 2007) ,(Dascalu et al., 2016) ,(Vesin
et al., 2013) ,(Romero et al., 2019) ,(Pattuelli, 2011) ,
(Jovanovic et al., 2009) ,(Harchay et al., 2015) ,(Gasevic et
al., 2011) ,(Carmichael & Jordan, 2012) ,(Borges &
Silveira, 2019) ,(Abbas et al., 2014), (Aroyo & Dicheva,
2004)

Design and
development of
intelligent learning
Systems (26)

(S. H. Wang & Wang, 2012) ,(Raju & Ahmed, 2012) ,
(Poulovassilis et al., 2012) ,(Nguyen et al., 2017) ,(Y. Kim
et al., 2019) ,(Gaeta et al., 2013), (Devedzic, 2003),
(Cuong et al., 2018) ,(Coccoli & Torre, 2014) ,(Baldoni et
al., 2011) ,(Rodriguez et al., 2015), (Pereira et al., 2018),
(Halimi et al., 2014) ,(Vesin et al., 2013) ,(Romero et al.,
2019) ,(Pattuelli, 2011) ,(Martinez-Garcia & Corti, 2012) ,
(Halimi & Seridi-Bouchelaghem, 2019) ,(Gasevic et al.,
2011) ,(Edwards & Carmichael, 2012) ,(Dietze, Kaldoudi,
et al., 2013) ,(Carmichael & Tscholl, 2013) ,(Carmichael &
Jordan, 2012) ,(Poore, 2014) ,(P. Kim et al., 2010), (Aroyo
& Dicheva, 2004)
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Identified theme and
No. of related
articles

Articles

integration and
interoperability (18)

(Raju & Ahmed, 2012) ,(Martinez-Garcia et al., 2012) ,
(Devedzic, 2003) ,(H. C. Wang & Huang, 2013), (Pereira
et al., 2018), (Moreale & Vargas-Vera, 2004), (Dictze,
Sanchez-Alonso, et al., 2013), (Dagiene et al., 2015) ,
(Caravantes & Galan, 2011), (Pattuelli, 2011), (Martinez-
Garcia & Corti, 2012) ,(Jovanovic et al., 2009), (Gasevic et
al., 2011), (Edwards & Carmichael, 2012) ,(Dietze,
Kaldoudi, et al., 2013) ,(Carmichael & Jordan, 2012) ,
(Aroyo et al., 2006), (Aroyo & Dicheva, 2004)

Interaction between
Human and ST (18)

(Tracy & Jordan, 2012), (Tovar et al., 2012), (Poulovassilis
et al., 2012), (Nguyen et al., 2017) ,(Gaeta et al., 2013) ,
(Friesen & Anderson, 2004) ,(Jeremic et al., 2013) ,
(Romero et al., 2019) ,(Pattuelli, 2011) ,(Martinez-Garcia
& Corti, 2012) ,(Jovanovic et al., 2009) ,(Halimi & Seridi-
Bouchelaghem, 2019) ,(Edwards & Carmichael, 2012) ,
(Carmichael & Tscholl, 2013) ,(Carmichael & Jordan,
2012) ,(Poore, 2014) ,(Lafuente, 2017), (Anshari et al.,
2015)

Learning Objects and
Resources (13)

(Tovar et al., 2012) ,(Shabajee et al., 2006) ,(Rani et al.,
2015) ,(Raju & Ahmed, 2012) ,(Coccoli & Torre, 2014) ,
(Chi, 2009) ,(Carmichael, 2011) ,(Canales-Cruz et al.,
2009) ,(Rodriguez et al., 2015) ,(Piedra et al., 2015) ,
(Pereira et al.,, 2018) ,(Dietze, Sanchez-Alonso, et al.,
2013), (Dagiene et al., 2015)

KM (12)

(Nguyen et al., 2017) ,(Chi, 2009) ,(Castellanos-Nieves et
al., 2011) ,(H. C. Wang & Huang, 2013) ,(Fernandez-Breis
et al., 2012) ,(Pattuelli, 2011) ,(Jovanovic et al., 2009) ,
(Carmichael & Tscholl, 2013) ,(Carmichael & Jordan,
2012) ,(Abbas et al., 2014) ,(Kohlhase & Kohlhase, 2008),
(Anshari et al., 2015)

planning and
management
instruction (12)

(Tracy & Jordan, 2012) ,(Tovar et al., 2012) ,(Sanchez-
Vera et al., 2012) ,(Romero et al., 2015) ,(Ounnas et al.,
2009) ,(Martinez-Garcia et al., 2012) ,(Castellanos-Nieves
et al., 2011) ,(Lozano et al., 2015) ,(Harchay et al., 2015) ,
(Edwards & Carmichael, 2012) ,(Carmichael & Tscholl,
2013), (Abbas et al., 2014)

Educational social
semantic web (10)

(Nguyen et al., 2017) ,(Martinez-Garcia et al., 2012) ,(Jia
et al., 2018) ,(Piedra et al., 2015) ,(Pereira et al., 2018) ,
(Jeremic et al., 2013) ,(Halimi et al., 2014) ,(Martinez-
Garcia & Corti, 2012) ,(Jovanovic et al.,, 2009),
(Carmichael & Jordan, 2012)
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personalization and adaptation: Over the past few years, uch
effort has been expended to enable personalization for e-
learning by semantic web techniques (H. C. Wang & Huang,
2013). “personalization and adaption” is one of the main
themes discussed in the articles under review and has been
addressed in at least 29 articles. In this theme, topics such as:
personal learning environments (PLEs), Personalization
Services, Self-Regulation in learning, transformative potential
of SW for education, the role of SW in Adaptive Web-based
educational systems (AWBES), Adaptive Educational
Hypermedia Systems, adaptation and improvement the
learning by SW based LO design model, and semantic portal
from a pedagogical perspective, have been mentioned many
times.

ontology building and development: More than 27 of the
reviewed articles have dealt with this topic. In this theme,
topics such as: domain modeling, adding meta data to learning
objects, semantic web portals, ontology-based context
representation, Successful instants of implemented ontologies,
Challenges in ontology develop, and factors influencing
ontology design, are discussed.

Design and development of intelligent learning Systems:
Design and implementation of intelligent learning systems and
the requirements of this field form another recurring theme in
the field of semantic-rich learning environments; In this
regard, topics such as concerns in design of educational SW,
pedagogical practice imprtance, Al and web2 experiences,
domain analysis for using ontology in applications, educational
standards, data mining and Al technologies, the separation of
data from program logic, user-centered approach in ontology
development, access to comprehensive repositories of learning
content and metadata, educational STs affordances,
accessiblity and usablity, flexible querying facilities, open
access to digital resources, standardisation and flexibility in the
development of STs, recommender systems in learning,
implementation and development of e-portfolio, ambient
learning, and semantic web of things, are discussed.
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integration and interoperability: In this field, topics such as:
using STs to increase interoperability, solving interoperability
problems using ontology, knowledge sharing, creating user
models based on ontology, interoperability with other systems,
semantic interoperability, common frameworks to increase
interoperability, data and service interoperability, realizing
educational semantic web, learning repository, data
integration, heterogeneous web resource integration, digital
repository, social semantic web educational systems and
content providers, Ability to integrate with other web
technologies, standardization and integration of learning
environments, paradigm of integration and interaction between
information, learners and experts, service and data integration,
integration of distributed data in heterogeneous training
repositories, Dealing with unstructured metadata, Metadata
mediation and transformation, and Shifting focus towards
educational context, are discussed.

Interaction between Human and ST: In this context, topics
such as: learner as a content producer, teacher and learner as
designers and knowledge producers, discernmental role of
teachers in use of SW to learning, people involved in the
development of educational SW, preservation of cognitive
resources for humans, social web as user-centric tools, ST as
an actor, codes and standards, hidden aspects of STs, hidden
curriculum, the administrative role of SW in education,
advanced forms of social interactions, life-long learning,
learning analysis, connectivism theory, Baudrillard’s notion of
the hyperreal, interactivity, participatory design, and
educational resources, are discussed.

Learning Objects and Resources: Topics related to this
theme include: learning object development, educational
content, learning content representation, Open Access
philosophy, delivery of learning materials, and Use of
recommender systems to identify educational resources.

Knowledge Management (KM): Topics related to this theme
include: role of ontology in KM, knowledge representation,
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knowledge sharing, Pervasive knowledge, knowledge
engineering, and domain knowledge.

e Planning and managing instruction: Topics related to this
theme include: teaching methods and strategies, case-based
learning, pedagogical models (instructional or constructive),
problem-based learning, Assessment and feedback, and learner
group formation.

e Educational social semantic web: Topics related to this
theme include: social semantic web paradigm, improving the
interactivity of learning environments, social interaction
platform, social web, and social semantic web.

Key advantages/opportunities

STs, though, as Lafuente)Lafuente, 2017) argues, may be promoting
learning based on an accumulation of information into one’s
knowledge schemata, rather than learning based on the restructuration
of those schemata; and may be promoting social networks that keep us
in the comfort zone, rather than engaging us in intellectually
challenging processes; But studies show that the use of these
technologies has many advantages in the field of learning. In the
following, the most important benefits of using STs in learning, from
the perspective of the reviewed articles, will be pointed out.

1.Access to appropriate learning content

According to Carmichael and Tscholl (Carmichael & Tscholl, 2013),
much of the research literature on the potential of STs in education has
stressed their capacity to support learning through resource discovery,
data linking, and aggregation, and by presenting large amounts of data
using interactive visualization tools. Emphasis on content search and
discovery is important because, considering the constant increasing of
resources on the Web, it is almost impossible for the learners and
instructors “to get an overview of all the available information
relevant to their current needs, tasks, roles and goals. And even if they
find some materials, which seem suitable, they are not able to assess
completely whether the found content is entirely appropriate for their
goals (for instructors) or current knowledge and cognitive state (for
learners)” (Aroyo & Dicheva, 2004).
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Educational portals have a special role in solving the problem of
access to content by grouping information and facilitating access to
different types of content and learning objects. Application of STs in
these portals and implementation of educational semantic portals can
provide meaningful integration of educational content and objects; An
educational semantic portal, according to Borges and Silveira (Borges
& Silveira, 2019), is an environment that organizes and stores
educational resources, in which its users can share educational and
material resources; navigate and fetch resources according to their
interests, among other actions.

In addition to introducing educational semantic portals, with the
aim of facilitating access to content, STs and ontologies are used for:
“supporting access to data” (Pereira et al., 2018), “ubiquitous access
to the knowledge and data " (Jovanovic et al., 2009), “improving
discovery and access to digital content, ... sharing, and reuse of
knowledge across repositories” (Pattuelli, 2011) , and to “manage
intricate  information such as curriculum content sequencing
problems” (Chi, 2009).

2.Appropriate analysis and representation of knowledge

ST has the potential to be used as a useful tool for analyzing vast
amounts of information and countering what Lafuente calls
“infoxication” (Lafuente, 2017); Because this technology deals with a
huge amount of information to alert the user to what he needs or
wants.

In this context, STs are wused for representation of
“knowledge"(Carmichael & Jordan, 2012), "context" (Jovanovic et al.,
2009), “relationships between individuals" (Chi, 2009) and "key
elements of intelligent learning analytics system” )Halimi & Seridi-
Bouchelaghem, 2019); STs, also make it possible to develop a range
of educational services, such as “interpretation, structure-
visualization, support for argumentation, novel forms of content
customization, novel mechanisms for aggregating learning material”
(Dzbor et al., 2007), and “extract inferred knowledge out of the
implicitly stated situations” (Jovanovic et al., 2009).

3.Human enhancement
ST has provided new educational opportunities for teachers and
learners. A major application of these technologies in the learning
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environment is the design of “administrative and pedagogical agents”
(Poore, 2014). The intelligent administrative agent is an efficient and
effective tool for educators in administrative tasks, such as enrollment,
class planning, attendance, and "authentication" (Moreale & Vargas-
Vera, 2004); and the intelligent pedagogical agent is a tool to improve
the efficiency of teaching, designing, and delivering educational
content to learners. STs, can also enhance human capabilities by
helping to “understand relationships and dependencies between facts”
(Kohlhase & Kohlhase, 2008) and “are used to improve individual
knowledge while exploiting community knowledge” (Dascalu et al.,
2017).

4.Personalization of learning

Almost unlimited access to a wealth of educational information can
make it difficult to find meaningful content. The use of STs,
especially in the form of recommender systems, can “help the users
decide upon useful materials” (Dascalu et al., 2016), and “novel forms
of content customization” (Dzbor et al., 2007). In addition, STs are
used in “getting the best learning experiences according to their needs
and preferences” )Halimi & Seridi-Bouchelaghem, 2019), “design and
delivery of educational content to learners” (Poore, 2014), and
“personalized training of managers” (Bajenaru et al., 2016). These
technologies are “appropriated tools to achieve the goals of
personalization and interoperability” (Romero et al., 2019).

S5.Improving the quality of evaluation
For a systematic planning in education, the use of STs in the
evaluation phase, will have the following benefits (Castellanos-Nieves
etal., 2011; Sanchez-Vera et al., 2012):
e Ontologies can provide the precise semantic specification of
the domain;
e Semantic annotations can be used for getting a precise
semantic specification of the questions and the answers;
e Automatic feedback processes can be developed by combining
course ontologies and semantic annotations.

Key challenges

The STs have provided new opportunities for intelligent learning
environments and better management of education; So, these
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technologies have taken learning to a new stage in their lives.
Undoubtedly, STs will play a special role in the new generation of
learning; But, like any other emerging phenomenon, it will face
challenges. In this section, based on the concepts presented in selected
articles, the most important challenges facing semantic learning
environments and the topics discussed below each challenge are

explained.

Table 5: Key challenge identified from studies (n=64)

Key challenges and
No. of related articles

Articles

Access to learning
content (16)

(Martinez-Garcia et al., 2012), (Iatrellis et al., 2019),
(Dascalu et al., 2017), (Friesen & Anderson, 2004),
(Dietze, Sanchez-Alonso, et al., 2013), (Devedzic, 2003),
(Pereira et al., 2018), (Pattuelli, 2011), (Henze et al.,
2004), (Edwards & Carmichael, 2012), (Piedra et al.,
2015), (Kohlhase & Kohlhase, 2008), (Dagiene et al.,
2015), (Abbas et al., 2014), (Martinez-Garcia & Corti,
2012), (Jovanovic et al., 2009)

Design and
development concerns

(10)

(Romero et al., 2019), (Abbas et al., 2014), (Carmichael
& Jordan, 2012), (Edwards & Carmichael, 2012),
(Devedzic, 2003), (Friesen & Anderson, 2004), (Iatrellis
et al., 2019), (Martinez-Garcia et al., 2012), (Gasevic et
al., 2011), (Halimi & Seridi-Bouchelaghem, 2019)

Creation, development
and maintenance of
ontologies (7)

(Carmichael & Jordan, 2012), (H. C. Wang & Huang,
2013), (Pattuelli, 2011), (Pereira et al., 2018), (Devedzic,
2003), (Martinez-Garcia et al., 2012), (Gasevic et al.,
2011)

Interoperability (6)

(Jovanovic et al., 2009), (Aroyo & Dicheva, 2004),
(Abbas et al.,, 2014), (Pereira et al., 2018), (Dietze,
Sanchez-Alonso, et al., 2013), (latrellis et al., 2019)

realization of
Educational SW (4)

(Aroyo & Dicheva, 2004), (Carmichael & Jordan, 2012),
(Dascalu et al., 2017), (Iatrellis et al., 2019)

understanding the
human role (4)

(Poore, 2014), (Abbas et al., 2014), (Friesen & Anderson,
2004), (Lafuente, 2017)

Shortcomings of STs
3)

(Poore, 2014), (Carmichael & Jordan, 2012), (Raju &
Ahmed, 2012)

e Access to learning content: According to the reviewed
articles, access to appropriate data, information and knowledge

1s the most

important challenge of semantic learning

environments. In this regard, the following topics are further
emphasized: the need to create a learner profile to improve
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learning, extract information from social networks, the quality
of educational data, collect meaningful and well-defined data
for different sectors, knowledge sharing, production of
Semantically enriched learning objects, and limitations in the
representation of domain knowledge.

e Design and development concerns:limitations in the design
and development of semantic-based learning systems are
another challenge in this area. In this regard, the following
topics are further emphasized: need for continuous observation
and evaluation of the student, need to support learning at all
the levels of the Bloom’s taxonomy, Support for data mining
and Al technologies, The need for simplicity to support useful
learning experiences, assessments of the potential for adoption
of SW, The complexities of STs development, Challenges
presented by lifelong learning, practical and cost
considerations, Components required for development of an
intelligent tutoring system, issue of privacy, Complexity in the
development of Internet technologies, use of technologies that
associated with the earlier failed experiment of Al,
requirements of the semantic infrastructure, and Adaptable and
personalized LP.

e Creation, development and maintenance of ontologies: In
this regard, the following topics are further emphasized:
building and developing ontologies, lack of empirical
validation indicating significant e[ ciency of using ontology,
Lack of use of consensus ontology for personalization, need to
build domain ontologies for different target domains, Multiple
Ontologies Support, and based education by categories.

e Interoperability: In this regard, the following topics are
further emphasized: Dealing with continuous change in web,
Enrichment and interlinking of unstructured metadata,
Metadata mediation and transformation, realization of
Educational ~ Semantic ~ Web, Data  interoperability,
requirements of ILEs, and profile developing in intelligent
tutoring systems.
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e realization of Educational Semantic Web: In this regard, the
following topics are further emphasized: dependence on
educational settings, Dependence on pragmatism, situatedness
and context-specificity for educational SW, unified authoring
support, requirements of the semantic infrastructure, learning
path modeling, and find the right platform.

e understanding the human role: In this regard, the following
topics are further emphasized: understanding the student
behavior, understanding the purpose of education and the roles
of teachers and students, acquisition of argumentation skills
through technology, pedagogical activity, change patterns of
interaction and cooperation between public and private
educational institutions, and administrative and policy
challenges.

e Shortcomings of the STs: In this regard, the following topics
are further emphasized: Human needs and STs shortcomings,
invisibility of STs and failure to gain public imagination, Lack
of widespread use in the delivery of learning objects, and need
to theoretical frame for development of educational SW.

Concluding comments

STs promise great things for the future, especially in the field of
educational technologies. The volume of research conducted in recent
years on the application of these technologies to solve social and
educational problems shows the importance of these technologies and
the need to address the issues surrounding them.

This research has been conducted with the aim of identifying the
main themes in the field of semantic-rich learning and the basic
opportunities and challenges ahead. In order to achieve the objectives
of the research, using the paradigm funnel technique, a systematic
review of studies in this field was conducted and the results were
categorized and presented in the form of key themes, opportunities,
and challenges.

Based on the results of applying the paradigm funnel, most of the
studies conducted in the field of semantic-rich learning, have been
carried out based on design science research strategy; These studies,
mainly by modeling and implementing an instant of learning systems
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based on STs, have identified the effects, challenges and opportunities
arising from the use of the product in the learning environment. Also,
modern theories of learning such as problem-based learning, case-
based learning, connectivism theory, learner as a producer of
knowledge, and constructive pedagogical models, have been used in
researches.

In the study, it was found that, establishing access to appropriate
educational content, proper analysis and representation of knowledge,
human capabilities enhancement, personalization of learning, and
improving the quality of assessment, are the most important positive
effects of using STs in learning; Also, in this study, nine themes and
seven major challenges in the field of semantic-rich learning were
identified. Accordingly, personalization and adaptation, and the
development of various ontologies, are the most cited themes; and
access to learning content and concerns about the design and
development of learning systems are the most important challenges
facing semantic-rich learning environments. We believe that in order
to overcome the enumerated challenges, the combination of STs with
other emerging cognitive and communication technologies, such as
IOT, is necessary and could be the subject of future research in this
field.
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