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New information and communication technologies (ICT) have become essential in our daily lives, including the
educational system. Their integration as an educational tool holds great potential for innovation and improving
the quality of teaching. This analysis covered various tools and emerging technologies that facilitate and optimize
the teaching-learning process. Using the SCOPUS and Web of Science databases and following the PRISMA
statement, 72 out of 557 publications met the inclusion criteria. The results revealed growing academic interest in
educational technological solutions, with a significant increase in publications between 2019 and 2022. Areas such
as e-learning, online communication, and multimedia platforms have been widely researched, while artificial
intelligence, virtual reality, augmented reality, and gamification have gained increasing attention. One key
challenge identified is the digital competence of educators, highlighting the need for comprehensive training
programs. Current trends focus on enhancing teaching and learning, immersive virtual environments, meaningful
learning, student autonomy, teacher training, collaborative skills, and self-directed learning. These findings
suggest a wide range of technological tools applied to education, with the potential to improve innovative

educational practices.

Keywords: new technologies, systematic review, technological tools, educational and NICT’s

Elber Ribeiro Gama, PhD student in the Postgraduate Program in Intellectual Property Science (PPGPI), Federal Institute of
Sergipe, Aracaju, Sergipe, Brazil.

Tiago de Melo Ramos, Ph.D., Professor of the Postgraduate Program in Intellectual Property Science (PPGPI), Federal University
of Sergipe, Sao Cristovao, Sergipe Estado, Brazil.

Rodrigo de Rosso Krug, Ph.D. in Medical Sciences (UFSC), Professor of the Postgraduate Program in Integral Health Care
(PPGAIS), University of Cruz Alta (UNICRUZ), Cruz Alta, Rio Grande do Sul, Brazil.

Paulo Roberto Gagliardi, Ph.D., Professor of the Postgraduate Program in Intellectual Property Science (PPGPI), Federal
University of Sergipe, Sao Cristovao, Sergipe Estado, Brazil.

Thayslane de Melo Costa, Master student in the Postgraduate Program in Intellectual Property Science (PPGPI), Federal
University of Sergipe, Sao Cristovao, Sergipe Estado, Brazil.

Robson Roberto Souto Santos, Master of Science in Intellectual Property, Professor, Tiradentes University, Aracaju, Sergipe, Brazil..

Monique Graziella Cruz Rezende, Master in Professional and Technological Education, Employee of the Federal Institute of
Sergipe, Aracaju, Sergipe, Brazil.

Robelius De-Bortoli, Ph.D., Professor of the Postgraduate Program in Intellectual Property Science (PPGPI), Federal University
of Sergipe, Sao Cristovao, Sergipe Estado, Brazil.


https://www.sigaa.ufs.br/sigaa/public/programa/equipe.jsf?lc=pt_br&id=822

TOOLS AND NEW INFORMATION AND COMMUNICATION TECHNOLOGIES 397

Introduction

Technology has become a necessary tool in all areas of our daily lives, both personal and professional, including
the educational system itself. Since the starting point of the technological revolution, here represented by the
invention of the telephone and telegraph in the second half of the 19th century, the evolution brought by the
creation of the internet and its extensions has produced unstoppable changes in the way we communicate, work,
and learn (Alfé&ez-Pastor, Collado-Soler, L&ida-Ayala, Manzano-Le, Aguilar-Parra, & Trigueros, 2023).

Notably, this continuous evolution and propagation of information and communication technologies (ICTs)
in our lives have led to great interest in their application to education, given their capacity to facilitate various
forms of communication and support the production, storage, and use of information (Dele-Ajayi, Fasae, & Okoli,
2021). Their use as an educational tool can be seen as positive and of great potential, given characteristics such
as easy access, portability, and immediacy. However, the most commonly described advantages for education
are improved learning engagement, support for active and collaborative learning, fostering creativity, enhancing
the effectiveness of the communication process, and critical thinking (Qian & Clark, 2016; Ravenscroft,
Warburton, Hatzipanagos, & Conole, 2012).

The integration of ICTs in education is, therefore, a topic of great relevance in the global context, with the
potential to promote innovation and improve the quality of teaching, enabling more dynamic, collaborative, and
personalized pedagogical practices (Behar, Siqueira, & Reinhardt, 2020; Cristév&, Verdasca, Ramos, & Rebelo,
2022; Margolis, Nussbaum, Rodriguez, & Rosas, 2006). These practices have significant impacts on students’
educational achievements, providing them with access to multiple learning resources and enhancing educational
materials, resulting in more engaging and interactive classes. This approach favors more individualized teaching
and student autonomy, given the possibility of completing tasks with geographical and temporal freedom,
encouraging them to be protagonists of their own educational journeys (Cristév& et al., 2022; Mentsiev,
Aygumov, & Zaripova, 2023; Spiezia, 2011).

Nonetheless, effective integration demands understanding not only the potential of technological tools but
also the challenges and specific needs of the Brazilian educational context (De-Sena, 2023; Len, Encinas,
Vaquero, Dios, & Ruiz, 2009), where its diversity and particularities require innovative and adaptive approaches
(Behar et al., 2020). In educational practice, ICTs face significant challenges ranging from issues related to
technological infrastructure and internet access to the adequate and continuous training of teachers, with a focus
on using digital technological tools (Behar et al., 2020; De-Sena, 2023). It is also necessary to address the barrier of
socioeconomic and regional inequalities, specifically regarding the use of ICTs in the educational environment
(Stevanim, 2020).

In this regard, the emergence of Education 4.0, part of a fourth industrial revolution characterized by the
integration of advanced digital technologies such as artificial intelligence, big data, and the Internet of Things,
has further expanded the possibilities for innovation and improvement in educational practice (Kshirsagar,
Jagannadham, Algahtani, Naveed, Islam, Thangamani, & Dejene, 2022). However, according to Fthr (2018),
Brazilian education needs professionals well-versed in “technopedagogy” to meet the new demands of this
educational reconfiguration, including: interdisciplinarity, transdisciplinarity, new information and
communication technologies, digital interactivity, maker culture, artificial intelligence, autonomous learning, a
contextualized and flexible curriculum, hybrid teaching, collaborative environments, digital teaching materials,
the Internet of Learning Things, computational critical thinking, among others.
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Fihr (2018) notes that even amid the demands of Education 4.0, many educational institutions have not
effectively adopted ICTs as teaching-learning tools for the new digital student, who yearns to be challenged and
learns anywhere, anytime. He believes that there are analog educators resistant to the inevitable technological
metamorphosis of today’s society. Added to this context is the need to reformulate course and institutional
pedagogical projects to incorporate the use of ICTs into the curricula, as well as the necessity for continuous
professional training.

In the same vein, the resilience of the educational system, an intrinsic quality that allows educational
institutions to adapt, withstand, and recover from unexpected challenges (Henderson, Noble, Osborne, & Weston,
2018), has become an essential characteristic for the sustainability of education. This resilience heavily depends
on ICTs to enhance the teaching-learning process and ensure the continuity of education. Nevertheless, in line
with the thoughts of Cox and De-Bortoli (2022), implementation in academic processes should not overlook
certified basic requirements, such as student competencies, skills and understanding, critical self-analysis by
teachers, an organizational culture for process implementation, and a management model.

In light of the aforementioned, this systematic review aims to achieve a comprehensive and up-to-date
survey of the information and communication tools and technologies available to support the educational process.
Through critical analysis of recent literature, it seeks to identify the main trends and advances in this field,
providing insights for educators, administrators, and researchers interested in promoting innovative and inclusive
educational practices that meet the specific needs of the Brazilian context.

Given the relevance and necessity of knowledge regarding the widest possible range of technologies aimed
at the field of Education, the present study sought to answer the following questions: What information and
communication tools and technologies are available to support the formal educational process in different
contexts? What is the distribution over time of the publications included in this review? What are the main
applications indicated for these tools?

Method

This article conducted a systematic literature review, employing a comprehensive search for scientific
articles to compile a list of relevant studies addressing information and communication tools and technologies
available and applicable to formal education, following the guidelines of the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) framework (Page et al., 2021). The databases used were
Scopus and Web of Science (WoS), chosen for their comprehensive coverage and adherence to rigorous scientific
criteria for research dissemination. The search was conducted in five main stages: (a) formulation of the research
question, (b) identification and screening of studies, (c) data extraction and synthesis, (d) screening of included
studies, and (e) analysis of results.

Formulation of the Research Question

Given the impacts of ICTs on the educational process and aiming to contribute to the actions of educational
actors, we sought to identify information and communication tools and technologies available to support the
formal educational process in different contexts. What is the distribution over time of the publications included
in this review? What are the main applications indicated for these tools?

Identification and Search for Studies (Databases)
To achieve the research objective, a single search string was used in both databases. The search string
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utilized was: “New educational technologies” OR “ICTs” OR “Educational technological tools”. No limitations
on publication date were applied.

Data Extraction and Synthesis (Selection Process)

In the operationalization of the search, after identifying the articles based on titles and/or abstracts, they
were imported into a Word file to identify any duplicity. For the selection of articles, the following inclusion
criteria were considered: regarding language, studies in Portuguese, English, and Spanish were accepted;
concerning the type of scientific production, articles published in specialized scientific journals were included;
there were no restrictions regarding the type of research; there were no restrictions regarding the sample; inherent
to the objectives of the studies and the results presented, articles related to ICT tools used to support teaching and
learning at different educational levels were accepted; regarding access, articles with open access were accepted.

Screening of Included Studies

The selection of publications included in the search was conducted independently, based on pre-defined
inclusion and exclusion criteria. Relevant data were extracted from the included studies and organized into tables
to facilitate comparative analysis.

g Records identified Records remove before screening
° from database: Duplicate recordes removed (n=09)
§ (n=361) Records marked inelegible by
b= (n=360) Scopus automation tools (n=0)

qc; (n=196) Web of Records for other reasons (n=0)
2 Science

Records screened Records excluded (n=476)
(n=548) > Scopu§ (n=289)
Web of Science (n=187)

—— |

Reports excluded:

Y The tools and technologies do not
aim to support teaching (n=156)

Did not present ICT tools for

education (n=245)

Bibliographic research (n=22)

Management area (n=14)

Politics (n=7)

Curriculum reform (n=19)

-t They were not from specialized

periodicals (n=5)
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Figure 1. Wem’ngprocedure based on the PRISMA 2020 model.
Source: elaborated by the author.

Analysis of Results

For the interpretation of results, the software the Jamovi Project (2023), version 2.4, was utilized, aiding in
descriptive statistics and the creation of tables and graphs. The identified tools and technologies were grouped
into categories such as online learning platforms, educational apps, virtual learning environments, among others,
to identify patterns and emerging trends. This involved describing the identified tools and technologies,
highlighting their characteristics, functionalities, and potential applications in supporting teaching. It culminated
in a discussion of the main findings and implications for educational practice.
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Results

The data presented in Table 1 allow us to observe that as a result of the searches in the databases, 361 studies
were found in Scopus and 196 in WoS, totaling 557 publications in the databases (TPB). Out of this total, 64 in
Scopus (ACI Scopus) and 25 in WoS (ACI WoS) met the inclusion criteria (ACI); 289 in Scopus (NCI Scopus)
and 170 in WoS (NCI WoS) did not meet the inclusion criteria (NCI); eight (8) in Scopus (Rep Scopus) and one
(1) in WoS (Rep WoS) were duplicates within their respective databases; 17 met the inclusion criteria and were
duplicates in both databases (ACI Rep), and 64 did not meet the inclusion criteria and were duplicates in both
databases (NCI Rep).

Table 1

Descriptive Statistics

;%2"““0” WoS  Scopus Ov?s_ é;'{;us \TV%IS gg)'[;us \Ffvegs Ssgpus ACIRep NCIRep TPB  TPI
Avrticle 66 206 13 32 53 174 1 6 10 43 272 34
cP 123 116 12 26 111 20 0 2 7 20 239 32
Review 3 7 0 0 0 0 10 1
MA 1 0 0 0 0 0 0 1 0
BC 2 29 0 5 2 24 0 0 0 31 5
Book 1 3 0 0 1 3 0 0 0 4 0
Total 196 361 25 64 171 297 1 8 17 64 557 72

Source: survey data.

Regarding the type of study, the TPB consisted of 272 articles, 239 conference papers (CP), 10 reviews, 31
book chapters (BC), four (4) books, and one (1) meeting abstract (MA), comprising the 557 publications analyzed
and presented in Figure 2. The significant percentage of scientific articles comprising the search results in both
databases (48% of articles and 42% of CP) points to a considerable academic relevance of the research subject
of the present study, notably drawing the attention of researchers and indicating it as a current problem of
scientific investigation.

The temporal variation of the documents found covers the interstice from 1962 to 2024, as can be seen in
Figure 3, which points to a growth trend, over the years, in studies with a theme related to the research string
used here.

After completing all search and screening stages, 72 (seventy-two) publications were included in the Total
of Publications that met the inclusion criteria (TPI), making up 12.9% of the 557 registered in the TPB. The TPI
contains 34 articles, 32 CP, five (5) BC, and one (1) review, data that are corroborated in Figure 4.

Aiming to answer the research questions, specific and relevant data were categorized within the TPI for
meeting the inclusion criteria. These criteria encompass the identification of technological tools, strategies, and
educational applications. To support data extraction and analysis, we followed the subsequent steps: individual
reading of the selected articles, categorization according to the type of tools, collaborative discussion to define
the references and grouping of technological tools, with the results presented in Table 2.
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Table 2
Technological Tools to Support Teaching and Their Applications
Amount  Tools Studies Applications
Du (2021), Khoshnoodifar et al. \S/tiL;ﬂthlég:/noilr:/;ment
5 Virtual reality; 360°video, (2024), Mentsiev et al. (2023), Tito, Professional skills
metaverse Basso, & Moraes (2022), Suh & Ahn R | .
Immersive virtual environment
(2022) | - .
nteraction with avatars
Rodriguez-Abad et al. (2021), Multidimensional influence for guided learning
5 Augmented reality; Kearney et al. (2020), Lehto et al. Digitization of product dissection
animations (2020), Craciun et al. (2017). Salmi  Educational content creation
et al. (2010) Boosting physics teaching
Meaningful learning
Gamification; virtual Delgado (2023), Sokolova & Teacher training
educational games; Deviantnikova (2023), Kov&s Student motivation
6 Education; MMOGs (2021), Roper et al. (2019), Collaborative learning
(Massive Multiplayer Mysirlaki & Paraskeva (2010), Ludonarrative
Online Games) Seliutin (2019) Increased communication and interaction
Improved team cooperation
E-learning platforms, AVA, Eé];i?ga?:,n rovement
Moodle, WeChat, Rain Alam et al. (2023), Xue et al. (2023), Massi g Improvel
assive open online courses (MOOCs)
Classroom, Web, Conference, Zou et al. (2022), Shardlow et al. Democratization of education
11 Live-webinar, Workshop,  (2022), Akbari (2021), Jena (2021), Ermoti L . .
otional and academic interaction and collaboration

online discussion forum, M- Bazarnova (2020), Zhong (2018),
Learning, Web-Quest, E- Voronova (2018), Baruah (2018),
portfolio, Online-Diary, Castro (2014)

CoAST Software

Organization and self-organization of educational
activities

Self-learning

Text comprehension

Innovation and creativity in the selection of

Da Costa (2023), Akbari (2021), content and teaching methods

Gadakchyan (2020), Bagarukayo Content interaction and practical learning

(2017), Zekanovi¢ (2010), Len etal. Student autonomy

(2009), Homanova et al. (2018) Online engagement

Collaborative skills

Communication platforms
(Zoom, Hangouts, Teams,

7 Skype, Moodle, among others)
and social networks (Viber,
Skype, WhatsApp, etc.)

2 Blackboard Learn Al Mansoori (2022), Ahmad & Learning management system
Educreations™ Hinck (2016) Educational content creation
. Improvement of the teaching-learning process
Artificial intelligence (Al); Z:/a(g%fz)e ;%é(z)()é%;)(s?é;ﬁg;raeit Knowledge sharing
6 ChatGPT; 5G+Al; STEM y R i " Educational effectiveness
(2021), Yannier et al. (2020), -
Al, LUMILO Holstein et al. (2019) Co-design
) Development of educational technologies
2 m:art]ﬁerr?ﬁipc ';.ggtic?:s?izﬂy; Murugova & Verbovataya (2022),  Visual-figurative, psycholinguistic thinking
P Rugh et al. (2021) Self-guided learning
Map System
Educational kit
ZS'CAC.SET . Learning from prototypes
Ultra-Wide Band (UWB)  Nava-Pintor et al. (2021), Lanquage learnin
3 2D Dashboard Pirozhkova (2021). Szafnicki & guag g
o - Environmental adaptation
Graphic interface Michau (2000) - . .
Non-linear content navigation and exploration
Hypertext
Digital history
Robotic Platform; . .
Educational Robots; Alouni & Ja_radat (2021), Tobar et al Understanding scientific concepts
4 . . (2021), Zaldivar et al. (2017), Jang - .
Hypermedia; Robotic & Yosephine (2016) Child education
Theater; LEGO Robotics P
%It:etruailti%:?mamrs o Matokhina et al. (2019), Gomez et ,Zr(;)\tgmt)alr?l%nt of astronomy teachin
4 y al. (2009), Chirico et al. (1997), y 9

Real Experiment eXecution
(REX) approach

Continuous learning and adaptation

Amend et al. (1986) Education systems management
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Table 2 to be continued

Educational technology Shinina & Morozova (2018), Prospective methodology

2 “Re-Foresight” Sergeevna (2021) Future review or reassessment _
Scenario analysis for practical learning
Multimedia (audio, video, text, Zakharova et al. (2022), Kourova Blended learnin
graphics and animation) (2020), Lin et al. (2017), Kemal et . 9 -
: Self-learning with intercultural connectivity
8 iPad al. (2016), Camacho (2013), Skills development
Video classes Komlenovi¢ et al. (2013), McKenzie Learning in Ign uages and mathematics
Video games (2008), Margolis et al. (2006) 9 guag
. . Creation of educational routes and technologies
3 Virtual laboratory Gostev & M0§|n (20%8)’ Ottaviano et Reproduction of informational structure
al. (2018), Shidlovskiy et al. (2003) L .
Innovation in teaching
1 Signals—data mining Tanes et al. (2011) Data mining and academic success
Moblogging Real-time knowledge bridge
2 Weblogs Lee (2007), Turner & Usher (2005) Sustainable and scalable use of educational technologies
Microsoft family, pearltress,
1 prezzi, spicynodes. Gonzdez et al. (2015) Interactivity and improvement of the teaching-

Interactive e-books; Apple’s
iBooks Author tool

Source: survey data.

learning process

Discussion

Conducting the systematic review allowed the identification and analysis of a wide range of emerging tools
and technologies in the context of education, with a focus on facilitating teaching, adapting to education 4.0
paradigms and optimizing the teaching-learning process. This scenario reflects the significant interest of the
academic community in the integration of educational technological solutions, showing a close correlation with
approaches aimed at solving educational challenges in all their stages, in line with the observations of previous
systematic reviews carried out by Lai and Bower (2020) and Lu and Xie (2023). Furthermore, it is worth
highlighting the fact that we observed in the research included in this study the search to promote the development
of digital skills among teachers, this being a recurring objective in the process of designing and implementing
these tools, corroborating the conclusions outlined by Alfé&ez-Pastor et al. (2023).

Examining the time interval (2019-2022) represented in Figure 2, it becomes imperative to highlight the
notable increase in the volume of publications related to the research topic. This increase suggests the possible
influence of the COVID-19 pandemic, as evidenced by the selected studies corresponding to this period, which reflect
the urgent demand in the educational context and the impacts of the confinement imposed at that time (Akbari,
2021; Alfé&ez-Pastor et al., 2023; S. Jena & P. Jena, 2021; Tobar, Pr&el, L&pez, Bacca, & Caicedo, 2021).

While the increase in academic interest in research production in this area is understandable, a substantial
proportion of studies document the difficulties faced by students and teachers when dealing with new information
and communication technologies (ICTs), due to their complexities and the specific competencies and skills
required. In this context, recommendations stand out for the implementation of training programs and the inclusion
of these topics in teacher education curricula, aiming to mitigate barriers to the use of technologies in education
and thus encourage collaborative learning and peer interaction (Delgado, Mendes, Brocardo, & Boavida, 2023;
Kov&s, Szilayyi, & Vaallyai, 2021; Mysirlaki & Paraskeva, 2010; Roper, Millen Dutka, Cobb, & Patel, 2019;
Seliutin, 2019; Sokolova & Deviatnikova, 2023). However, it is important to emphasize that the development of
digital competence among educators requires a comprehensive intervention program that is not limited only to
future teachers but also includes those already involved in educational practice (Alfé&ez-Pastor et al., 2023).
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Inherent to the information and communication tools presented in the studies compiled in Table 2, e-learning
platforms, online communication tools, and multimedia emerge as more established areas of research, possibly
due to their support in elements such as electronic feedback, positive reinforcement, emotional and academic
interaction and collaboration, self-learning, online engagement, and hybrid teaching models. In the same context,
there is a growing interest in studies seeking to understand the educational impacts of artificial intelligence (Al),
virtual and augmented reality (VAR), gamification, digital games, and the metaverse. This trend reflects a
commitment to the development of problem-solving skills (Lu & Xie, 2023) and is supported by a series of recent
studies (Delgado et al., 2023; Kearney, Starkey, & Miller, 2020; Khoshnoodifar, Emadi, Mosalanejad,
Maghsoodzadeh, & Shokrpour, 2024; Lehto, Lautkankare, Brander, Ala-Nissil& Saari, & Salminen, 2020;
Mentsiev et al., 2023; Rodriguez-Abad, Fernandez-de-la-1glesia, Martinez-Santos, & Rodriguez-Gonzalez, 2021;
Roper, Millen Dutka, Cobb, & Patel, 2019; Tito, Basso, & Moraes, 2022).

Therefore, as a synthesis of the main conclusions, it is observed that there is currently a wide range of tools
and ICTs applied in the educational context, with particular emphasis on Al, VR, and gamification, which stand
out as prominent trends for improvements in subsequent studies, as evidenced by the temporal analysis conducted
in this systematic review. In addition to this scope, the already consolidated e-learning platforms, virtual learning
environments (VLESs), and social networks are also aligned.

In line with the specific purposes and applications of each mentioned technology, there is a focus on
improving and enhancing the teaching-learning process, creating immersive virtual environments, promoting
meaningful learning, fostering student autonomy, providing ongoing teacher training, developing collaborative
skills, facilitating self-directed learning, and even innovating in the conception of new technologies.

References

Ahmad, K., & Hinck, G. (2016). The impact of a course-content creation tool (Educreations™) on student learning in a physiology
course. Medical Science Educator, 26, 275-277.

Ajlouni, A. O., & Jaradat, S. (2021). The effect of integrating an educational robot with hypermedia on students’ acquisition of
scientific concepts: The case of fifth-grade students. International Journal of Interactive Mobile Technologies, 15(11), 113.

Akbari, E. (2021). Challenges and effectiveness of using the SHAD social network during COVID-19 according to teachers, parents
and students. Electronic Journal of e-Learning, 19(4), 296-304.

Al Mansoori, A., Taani, O., Al Aghar, T., & McMinn, M. (2022, November). Faculty perceptions of blackboard learn as the main platform
for teaching and learning. In 2022 International Arab conference on information technology (ACIT) (pp. 1-7). New York: IEEE.

Alam, M. T., Rahman, A., Islam, M. R., & Tonny, S. A. (2023). Uncharted universe of educational technology: Potential awaits.
Journal of Higher Education Theory & Practice, 23(7), 178-190.

Alfé&ez-Pastor, M., Collado-Soler, R., L&ida-Ayala, V., Manzano-Len, A., Aguilar-Parra, J. M., & Trigueros, R. (2023). Training
digital competencies in future primary school teachers: A systematic review. Education Sciences, 13(5), 461.

Amend, J. R., et al. (1986). Interactive simulation of hydropower systems. In Waterpower'85. ASCE (pp. 1948-1957).

Bagarukayo, E., Ng’ambi, D., Baguma, R., & Namubiru Ssentamu, P. (2017). Using Facebook to transfer knowledge into practice
and aid student, lecturer and content interaction: A case of bachelor of information technology undergraduate students at
Makerere University. In Proceedings of the 9th international conference on computer supported education (vol. 1, pp. 402-
410). Cham: Springer.

Baruah, T. D. (2018). E-learning as a medium for facilitating learners’ support services under open and distance learning: An
evaluative study. In Technology for efficient learner support services in distance education: Experiences from developing
countries (pp. 93-112). Cham: Springer.

Bazarnova, J. G., Zhilinskaya, N. T., Pilipenko, T. V., Belokurova, E. S., Ivanchenko, O. B., & Loboda, V. V. (2020). New
educational technologies as a means of cross-regional cooperation in the field of food raw material and product safety control.
In E3S Web of Conferences (Vol. 161, p. 01021). Courtaboeuf: EDP Sciences.



TOOLS AND NEW INFORMATION AND COMMUNICATION TECHNOLOGIES 405

Behar, P. A., Siqueira, A. C. P., & Reinhardt, F. (2020). O uso da tecnologia em sala de aula. Porto Alegre: Artmed.

Camacho, J. G. (2013). Analysis of the integration of the iPad in the classroom from the student perspective: UCJC pilot project.
Historia y Comunicacié Social, 18, 399-411.

Castro, J. E. R., del Pino, A. M. A., Machuca, M. E., Miranda, R. R., & Montero, J. G. (2014). Can we learn statistics through a
Tablet? Yes, we can: APPES. BEIO, Bolet i de Estad #tica e Investigacicn Operativa, 30(2), 181-198.

Chirico, M., Giudici, F., Sappia, A., & Scapolla, A. M. (1997). The real experiment execution approach to networking courseware.
IEEE Transactions on Education, 40(4), 4.

Cox, K. K., & De-Bortoli, R. (2022). Alternativas para implementacg de certificagd do processo acadénico das IESs. Revista
Internacional de Educac@ Superior, 8, €022030.

Craciun, D., & Bunoiu, M. (2017, December). Boosting physics education through mobile augmented reality. In AIP conference
proceedings (\Vol. 1916, No. 1). Melville: AIP Publishing.

Crist&va, A. M., Verdasca, J. L., Ramos, J. L., & Rebelo, H. (2022). Perceg@®s de professores do primeiro ciclo do ensino b&ico
sobre a integragg de tecnologia educativa no processo de ensino e aprendizagem: o caso das comunidades escolares de
aprendizagem Gulbenkian XXI. Revista Brasileira de Educag®, 27, e270039.

Da Costa, R. D. S., de Souza Conrado, L. M., da Costa, C. P. D. N., & Bouzada, M. A. C. (2023). O uso instrumental das redes
sociais para a promog® do engajamento e aprendizagem significativa. Revista EDaPECI, 23(2), 75-83.

Dele-Ajayi, O., Fasae, O. D., & Okoli, A. (2021). Teachers’ concerns about integrating information and communication
technologies in the classrooms. Plos one, 16(5), €0249703.

Delgado, C., Mendes, F., Brocardo, J., & Boavida, A. M. (2023). Digital educational games: A resource to promote education 5.0?
In Internet of behaviors implementation in organizational contexts (pp. 100-117). New York: IGI Global.

De-Sena, W. N. (2023). O uso pedagdygico das tdic em sala de aula: saberes necess&ios a uma préica cr fica e significativa. Revista
Contemporénea, 3(8), 13031-13052.

Du, S. (2021). Andise da aplicacgi da tecnologia VR de realidade virtual no ensino de design de arte. In Journal of Physics: Sé&ie
de Conferécias (p. 022056). Philadelphia: 10P.

Fihr, R. C. (2018). A tecnopedagogia na esteira da educag 4.0: Aprender a aprender na cultura digital. Revista Educagg no
Se&ulo, 21, 12-19.

Gadakchyan, A., Kapitonova, N., Treboukhina, N., & Ustinova, N. (2020). Web environment of distance learning. In E3S web of
conferences (Vol. 210, p. 18015). Courtaboeuf: EDP Sciences.

Gomez, F. C., Bueno, J. R., & Pardo, J. J. (2009). Nuevos métodos de ensenanza en astronomia. Rev. Iberoam. de Tecnol. del
Aprendiz, 4(4), 259-266.

Gonzdez, M. O., Garzon, J. P, Lizaraga, R. E., Gonzdez, J. Z., Zatarain, R. M., Ram ¥ez, |. T., & Campos, J. C. (2015). Analysis
of educational performance with the implementation of new technologies for the development of learning objects in higher
education. In Edulearn15 proceedings (pp. 5977-5981). Valencia: IATED.

Gostev, V., & Mosin, S. (2018). Virtual laboratory “geoinformation systems”. International Multidisciplinary Scientific
GeoConference: SGEM, 18(5.4), 337-344.

Henderson, N., Noble, K., Osborne, A., & Weston, S. (2018). Resilience: A new paradigm of nursing education for student retention.
Contemporary Nurse, 54(2), 119-130.

Holstein, K., McLaren, B. M., & Aleven, V. (2019). Co-designing a real-time classroom orchestration tool to support teacher-Al
complementarity. Journal of Learning Analytics, 6(2), 27-52.

Homanova Z., Gybas, V., & Prextova T. (2018). Social media in school practice. In EDULEARN18 proceedings (pp. 10435-10440).
Valencia: IATED.

Jang, Y. J., & Yosephine, V. S. (2016). Lego robotics based project for industrial engineering education. International Journal of
Engineering Education, 32(3), 1268-1278.

Jena, S., & Jena, P. (2021). Virtual learning on swayam platform by engineering and technology students during COVID-19: An
analysis. Library Philosophy and Practice, 1-12.

Joshi, S., Rambola, R. K., & Churi, P. (2021). Evaluating artificial intelligence in education for next generation. In Journal of
Physics: Conference Series (Vol. 1714, No. 1, p. 012039). Philadelphia: IOP Publishing.

Kearney, K. G., Starkey, E. M., & Miller, S. R. (2020, August). Digitizing dissection: A case study on augmented reality and
animation in engineering education. In International design engineering technical conferences and computers and
information in engineering conference (Vol. 83921, p. VO0O3T03A015). New York: American Society of Mechanical
Engineers.



406 TOOLS AND NEW INFORMATION AND COMMUNICATION TECHNOLOGIES

Kemal, M., Ahmad, M. W., & Zewege, A. (2016, February). Use of multimedia as a new educational technology tool for preparatory
students (The case of goro preparatory school). In 2016 second international conference on computational intelligence &
communication technology (CICT) (pp. 733-743). New York: IEEE.

Khoshnoodifar, M., Emadi, N., Mosalanejad, L., Maghsoodzadeh, S., & Shokrpour, N. (2024). A new practical approach using
TeamSTEPPS strategies and tools—An educational design. BMC Medical Education, 24(1), 22.

Komlenovi¢, D., Mani¢, E., & Malini¢, D. (2013). The geographic information system (GIS) in secondary education in Serbia.
Perspectives in Education, 31(1), 96-104.

Kourova, A (2020). Technology and cross-cultural communication in teaching English as a second or Foreign language. MSCI
2020—14th international multi-conference on society, cybernetics and informatics, proceedings (pp. 23-28).

Kovas, T., Szilayi, R., & Vaallyai, L. (2021). The role of gamification in sustainable agricultural higher education. In Bio-
economy and agri-production (pp. 279-288). New York: Academic Press.

Kshirsagar, P. R., Jagannadham, D. B. V., Algahtani, H., Naveed, Q. N., Islam, S., Thangamani, M., & Dejene, M. (2022). Human
intelligence analysis through perception of Al in teaching and learning. Computational Intelligence and Neuroscience.
Retrieved from https://scispace.com/pdf/human-intelligence-analysis-through-perception-of-ai-in-446tuamo.pdf

Kurshan, B. (2016). The future of artificial intelligence in education. Retrieved from
https://www.forbes.com/sites/barbarakurshan/2016/03/10/thefutureofartificialintelligenceineducatin/#166c09ea2e4d

Lai, J. W., & Bower, M. (2020). Evaluation of technology use in education: Findings from a critical analysis of systematic literature
reviews. Journal of Computer Assisted Learning, 36(3), 241-259.

Lee, S. Q., Q. (2007). The eight-vantages of moblogging: An exploratory study on the use of moblogging in primary teaching.
IMSCI (International Multi-Conference on Society, Cybernetics and Informatics, Proceedings), 2, pp. 36-43.

Lehto, A., Lautkankare, R., Brander, N., Ala-Nissil& C., Saari, J., & Salminen, J. (2020). Rapid experimentation as a co-creation
tool for gamified augmented reality in city spaces—Case ARriver. In Applied degree education and the future of work:
education 4.0 (pp. 257-276). Berlin: Springer Nature.

Len, R. D., Encinas, A. H., Vaquero, J. M., Dios, A. Q., & Ruiz, I. V. (2009). Evaluation of teaching and learning mathematics with
online activities. International Journal of Learning, 16(7), 583-592.

Léy, P. (2010). Cibercultura (3rd ed.). S& Paulo: Ed.34.

Lin, S. Y., Aiken, J. M., Seaton, D. T., Douglas, S. S., Greco, E. F., Thoms, B. D., & Schatz, M. F. (2017). Exploring physics
students’ engagement with online instructional videos in an introductory mechanics course. Physical Review Physics Education
Research, 13(2), 020138.

Lu, D., & Xie, Y. N. (2023). The application of educational technology to develop problem-solving skills: A systematic review.
Thinking Skills and Creativity, 2023, 101454.

Margolis, J. L., Nussbaum, M., Rodriguez, P., & Rosas, R. (2006). Methodology for evaluating a novel education technology: A
case study of handheld video games in Chile. Computers & Education, 46(2), 174-191.

Marinoni, M. F., & Rodrigues, L. L. (2021). Formag® de professores e tecnologias digitais: desafios e possibilidades. Revista
Brasileira de Pesquisa em Educacg em Ciéncias, 21(3), 577-598.

Matokhina, A., Dragunov, S., Volodina, D., & Fokin, R. (2019, November). VR simulators for teaching rapid prototyping and
material processing techniques. In 2019 8th international conference system modeling and advancement in research trends
(SMART) (pp. 357-362). New York: IEEE.

McKenzie, W. A. (2008). Where are audio recordings of lectures in the new educational technology landscape. In Proceedings
ascilite Melbourne 2008 (pp. 628-632). Melbourne: Deakin University.

Mentsiev, A., Aygumov, T., & Zaripova, R. (2023). Harnessing virtual reality and simulation technologies in education for
sustainable development. In E3S web of conferences (Vol. 451, p. 06002). Occitania: EDP Sciences.

Moran, J. (2017). Novas Tecnologias Digitais: Reflex@s sobre mediacg, aprendizagem e desenvolvimento. Curitiba: CRV.

Murugova, E., & Verbovataya, Y. (2022). Application of a mind mapping-based contextual approach into an individual education
of engineers. In International school on neural networks, initiated by 11ASS and EMFCSC (pp. 1313-1322). Cham: Springer
International Publishing.

Mysirlaki, S., & Paraskeva, F. (2010, September). Intrinsic motivation and the sense of community in multiplayer games: An extended
framework for educational game design. In 2010 14th panhellenic conference on informatics (pp. 223-227). New York: IEEE.

Nava-Pintor, J. A., Guerrero-Osuna, H. A., Luque-Vega, L. F., Ornelas-Vargas, G., Lopez-Neri, E., & Carrasco-Navarro, R. (2021,
December). Design and implementation of an educational technology kit aligned to the conceptual framework of educational
mechatronics. In 2021 machine learning-driven digital technologies for educational innovation workshop (pp. 1-8). New York: IEEE.



TOOLS AND NEW INFORMATION AND COMMUNICATION TECHNOLOGIES 407

Ottaviano, S., La Guardia, D., Allegra, M., Gentile, M., & Dal Grande, V. (2018). World of physics: An immersive 3D virtual
environment to assist students in physics education. In ICERI2018 proceedings (pp. 5449-5455). Valencia: IATED.

Page, M. J., Moher, D., Bossuyt, P. M., Boutron, I., Hoffmann, T. C., Mulrow, C. D., ..., & McKenzie, J. E. (2021). PRISMA 2020
explanation and elaboration: Updated guidance and exemplars for reporting systematic reviews. BMJ, 372, 71.

Pirozhkova, I. (2021). Higher education for sustainable development: Research-based learning (The case of the Ural State University
of Economics). In E3S web of conferences (Vol. 296, p. 08028). Occitania: EDP Sciences.

Qian, M., & Clark, K. R. (2016). Game-based learning and 21st century skills: A review of recent research. Computers in Human
Behavior, 63, 50-58.

R Core Team. (2022). R: A language and environment for statistical computing. (Version 4.1). Retrieved from https://cran.r-project.org

Ravenscroft, A., Warburton, S., Hatzipanagos, S., & Conole, G. (2012). Designing and evaluating social media for learning: Shaping
social networking into social learning? Journal of Computer Assisted Learning, 28(3), 177-182.

Rodriguez-Abad, C., Fernadez-de-la-Iglesia, J. D. C., Martinez-Santos, A. E., & Rodriguez-Gonzalez, R. (2021). A systematic
review of augmented reality in health sciences: A guide to decision-making in higher education. International Journal of
Environmental Research and Public Health, 18(8), 4262.

Roper, T., Millen Dutka, L., Cobb, S., & Patel, H. (2019). Collaborative virtual environment to facilitate game design evaluation
with children with ASC. International Journal of Human—Computer Interaction, 35(8), 692-705.

Rugh, M. S., Beyette, D. J., Capraro, M. M., & Capraro, R. M. (2021). Using DIME maps and STEM project-based learning to
teach physics. Interactive Technology and Smart Education, 18(4), 553-573.

Salmi, H., Sotiriou, S., & Bogner, F. (2010). Visualising the invisible in science centres and science museums: Augmented reality
(AR) technology application and science teaching. In Web-based learning solutions for communities of practice: Developing
virtual environments for social and pedagogical advancement (pp. 185-208). Hershey: 1GI Global.

Seliutin, A. (2019). Effective use of computer games as an educational resource in the process of foreign language teaching. In
ICERI2019 proceedings (pp. 1759-1763). Valencia: IATED.

Sergeevna, P. I. (2021). New educational technologies to develop foreign language communicative competence of non-linguistic
students: digital storytelling. @uronocuuecxuii kiace, 26(3), 231-242.

Shardlow, M., Sellar, S., & Rousell, D. (2022). Collaborative augmentation and simplification of text (CoOAST): Pedagogical applications
of natural language processing in digital learning environments. Learning Environments Research, 25(2), 399-421.

Shidlovskiy, S. V., Ravodin, O. M., & Shidlovskiy, V. S. (2003, April). Virtual laboratory in new educational technologies. In
Proceedings of the 9th international scientific and practical conference of students, post-graduates modern techniques and
technologies, 2003. MTT 2003. (pp. 246-247). New York: IEEE.

Shinina, T., & Morozova, I. (2018). Research foresight as a new educational technology of development managerial competencies.
In Economic and social development: Book of proceedings (pp. 760-764). Varazdin, Croatia: Varazdin Development and
Entrepreneurship Agency.

Sokolova, A., & Deviatnikova, K. (2023, November). Edutainment as a new educational technology: A comparative analysis. In
International conference on professional culture of the specialist of the future (pp. 302-318). Cham: Springer Nature Switzerland.

Spiezia, V. (2011). Does computer use increase educational achievements? Student-level evidence from PISA. OECD Journal:
Economic Studies, 2010(1), 1-22.

Stevanim, L. F. (2020). Exclus& nada remota: desigualdades sociais e digitais dificultam a garantia do direito aeducag® na
pandemia. RADIS: Comunicacio e Salde, 215, 10-15.

Suh, W., & Ahn, S. (2022). Utilizing the metaverse for learner-centered constructivist education in the post-pandemic era: An
analysis of elementary school students. Journal of intelligence, 10(1), 17.

Szafnicki, K., & Michau, F. (2000). New educational technologies applied to control education-example of resources sharing
between engineering schools. IFAC Proceedings Volumes, 33(31), 243-246.

Tanes, Z., Arnold, K. E., King, A. S., & Remnet, M. A. (2011). Using signals for appropriate feedback: Perceptions and practices.
Computers & Education, 57(4), 2414-2422.

The Jamovi project. (2023). jamovi. (Version 2.4). Retrieved from https://www.jamovi.org

Tito, J., Basso, T., & Moraes, R. (2022, March). ORUN—A virtual reality serious-game for kinematics learning. In 2022 IEEE
conference on virtual reality and 3D user interfaces abstracts and workshops (VRW) (pp. 978-979). New York: IEEE.

Tobar, J., Préeel, A., Ldpez, A., Bacca, B., & Caicedo, E. (2021). Robotic tool as support in teaching processes during COVID 19
pandemic. In Recent advances in electrical engineering, electronics and energy: Proceedings of the CIT 2020 (vol. 2, pp. 151-
166). Cham: Springer International Publishing.



408 TOOLS AND NEW INFORMATION AND COMMUNICATION TECHNOLOGIES

Turner, J., & Usher, A. (2005, May). A research-supported approach to using weblogs as a sustainable educational innovation in an
Australian post-primary school. In ICCE (pp. 508-515).

Voronova, E. N. (2018). Educational technologies using ICT and internet in foreign language teaching at a higher educational
institution. Perspectives of Science and Education, 2018(3), 347-350.

Wang, M., & Guo, W. (2023). The potential impact of ChatGPT on education: Using history as a rearview mirror. ECNU Review
of Education, 8, 41-48.

Xue, S., Yang, Y., Du, J., & Liu, F. (2023). Multi-layered e-feedback anxiety: An action research study among Chinese learners
using peer feedback activities in an academic writing course. Frontiers in Psychology, 14, 1062517.

Yannier, N., Hudson, S. E., & Koedinger, K. R. (2020). Active learning is about more than hands-on: A mixed-reality Al system to
support STEM education. International Journal of Artificial Intelligence in Education, 30, 74-96.

Zakharova, N. B., Godkov, M. A., Dolgov, V. V., Emanuel, V. L., Gilmanov, A. Z., & Gladilin, G. P. (2022). Educational video
for training specialists in clinical laboratory diagnostics. Klinicheskaia Laboratornaia Diagnostika, 67(8), 489-492.

Zaldivar-Colado, X., Niebla-Zatarain, J., Zaldivar-Colado, U., Marmolejo-Rivas, C., & Bernal-Guadiana, R. (2017). Learning with
robotics, new technologies in higher education to learn programming and mathematical functions. In EDULEARN17
Proceedings (pp. 10447-10454). IATED.

Zekanovi¢-Korona, L., Mio¢i¢, B. K., & Fucko, K. (2010). Moodle-applications in education of students at the University of Zadar.
In The 33rd international convention MIPRO (pp. 1052-1055). New York: IEEE.

Zhao, J. (2022). Influence of knowledge sharing on students’ learning ability under the background of “5G+ AI”. International
Journal of Emerging Technologies in Learning (iJET), 17(1), 133-145.

Zhong, Q. M., & Norton, H. (2018). Educational affordances of an asynchronous online discussion forum for language learners.
TESL-EJ, 22(3), 3.

Zou, Y., Shen, L., & Dadparvar, S. (2022). The influence of e-learning behavior on students’ learning performance of disaster
emergency knowledge. International Journal of Emerging Technologies in Learning (iJET), 17(1), 49-59.



