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Objective:  Digital technologies have significantly impacted science education. This 
research uses a bibliometric analysis to analyze the evolution of various digital 
technologies in science education. Method: The research uses the PRISMA method to 
conduct a systematic review using the Scopus database. Results: LMS was the highest 
publication and citation in the last five years. DL and LMS publications increased, but 
DA decreased. DL, LMS, DA, and EA publications dominate article papers. SC and 
ILS dominated conference papers. 57% of DT researchers are European, with 19% from 
Asian and North American researchers. Twenty-four sources are participating in DT 
research. Many universities in America, such as Harvard University, Stanford 
University, MIT, and Berkeley University, the University of California have extensive 
facilities for participating in DL, LMS, DA, EA, SC, and ILS research. Novelty: This 
research is essential to educators, researchers, and policymakers to provide insights on 
improving digital teaching technologies, inform policy, and promote interdisciplinary 
collaboration. It also offers an overview and research trend of DT in science education 
research and its opportunities for researchers, librarians, digital developers, educators, 
and policymakers to develop further research, education, and technology. Further 
research can be conducted based on the scope of mathematics or physics education, 
especially to investigate specific skills or STEAM. 
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INTRODUCTION 
The importance of digital technology (DT) in improving science education has become a 
significant focus in efforts to increase learning effectiveness (Haleem et al., 2022). In the 
past five years particularly post-pandemic, international researchers and educators have 
heavily relied on various digital technologies to enhance science learning. This urgency 
stems from the significant impact DT has had on educational transformation   (Balyer & 
Öz, 2018), particularly in interactive learning software (LS), smart classrooms (SC), 
educational applications (EA), digital assessments (DA), Learning Management Systems 
(LMS), and digital libraries (DL), all of which have expanded the scope of science learning 
(Zhan et al., 2022). These advancements illustrate the evolution of DT in education (Singh 
& Miah, 2020), each technology playing a crucial role in improving the science learning 
process. 

Understanding how the use of DT has evolved in science education is essential for 
assessing its impact and identifying emerging usage trends (Chassignol et al., 2018; 
Oliveira et al., 2021). Utilizing a bibliometric analysis model, a scientific approach that 
employs bibliographic analysis and scientific publications, can shed light on these trends, 
patterns, and impacts (Aristovnik et al., 2020; Bielecka, 2020). Specifically, in the context 
of DT in science education, bibliometrics can assist in tracking relevant research, 
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identifying leading researchers, and evaluating the impact of that research on advancing 
science education (Li & Wong, 2022; Wang et al., 2023).  

Bibliometric analysis quantitatively analyzes scientific publications to understand 
trends, patterns, and impacts in a particular research field (Islam et al., 2022). The 
bibliometric approach can provide a wide range of data (metadata) (Robinson-Garcia et 
al., 2017). This analysis involves metrics such as several publications, citations, journal 
impact factors, and collaboration between researchers to provide insight into scientific 
developments and contributions. In the context of this research, a bibliometric approach 
helps capture the role of current digital technologies in science education and their 
implications for future educational research and practice. 

Thus, the aim of writing a scientific article with the topic "How is the Evolution and 
Track of Several Digital Technologies in Science Education?" is to identify several things, 
such as the evolution of some DT-es in science education, the most productive and 
influential authors, sources, institutions, and countries that contributed to DT, and the 
research topics of DT in science education. It is hoped that this research will have 
implications for improving the quality of education. Apart from that, this research can be 
used as a basis for thinking or a reference source for writers who will research similar 
topics within the scope of bibliometrics. 

 
RESEARCH METHOD  
This type of research is a systematic review using the PRISMA method that simplifies the 
research process (Rethlefsen et al., 2021). In addition, this research integrated bibliometric 
analysis methods to obtain metadata with a wide range (Heradio et al., 2016). The data 
source comes from the Scopus database because it can provide complex data and 
provides various complete components (country, bibliographic coupling, citation, and 
co-citation) so that it is more complex when illustrated using VOSviewer (Farooq, 2023; 
García-Lillo et al., 2021). Data from the Scopus database is saved in .csv format and 
processed using Ms. Excel and Datawrapper. The data was collected on March 2024. 

 

Figure 1. PRISMA stages in research 
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Based on Figure 1, the search process is carried out by entering each keyword on the 
Scopus page and filtering by adding year intervals (2019-2024). A specific number of each 
keyword used is obtained when the filtering process has been carried out. The final stage 
shows that the selected documents are highly relevant to the research topic. 
 
RESULTS AND DISCUSSION 
Overview of the Evolution of Digital Technologies Field  
The average number of LMS publications per year during the last five years was the 
highest, at 230 documents. EA and SC publications get the same average number of 
publications, at 37 documents. Besides, SC publications are the lowest. The DL and LMS 
publications were increased significantly. The others get picked and down publications 
each year. International researchers started DA publication in 2023 with 57 documents, 
which will increase in 2024 because its publication during the first quartal recorded 43 
documents. 

LMS publications get the highest average citations per year, at 1521, with the highest 
number of publications occurring in 2020. DA publications get the lowest average citation 
per year, at 28 for two years. According to Figure 2, ILS got the highest CPP (citation per 
year) in 2019, but its publication decreased significantly until the first quartal, with no 
citation. DT research decreased significantly from 2021 until the first quarter of 2024.           

  

Figure 2. Overview of DT publication by years (left) and citations (right). 
 
The Most Influential Publication and Authors in Digital Technologies Field  

   

   

Figure 3. Document types 
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Figure 3 shows that the type of document that dominates in general for DL, LMS, DA, 
and EA is articles because technological conditions are developing rapidly, so many 
researchers are publishing their work in the form of articles (a publication site that is 
rapidly growing) (Horbach & Halffman, 2018). The article functions as a reference source 
for practitioners in education or other communities in the process of further technological 
development (Brundiers et al., 2021). Meanwhile, the document type of SC and ILS that 
dominates is conference paper because SC and ILS are relatively innovative in the world 
of education (Cebrián et al., 2020; Cress & Kalthoff, 2023). Conferences serve as a platform 
for researchers to present their innovative ideas, ensuring they have a broad and 
impactful influence on society in the realm of technological advancements. (Berchin et 
al., 2018). 

Globally, 57% DT researchers are European, 19% from Asian and North American 
researchers, and one Australian researcher. European researchers especially Austrian, 
Greece, and Finland collaborated in EA and DA publications. In addition, Researchers 
from Spain and Ukraine focused on DL research. Sabitzer and Lavicza from Austria have 
made significant contribution who published EA and DA papers. Papadakis from Greece 
get highest citation in EA and Mikkonen from Finland in DA, and Martzoukou from UK 
in DL. Many EA publications highlighted that EA offer a new way to engage students in 
learning, particularly in preschool. Most apps in Europe are developed by commercial 
companies without considering students and teachers’ pedagogical practices (Tazouti et 
al., 2024). So, it makes several European researchers developing EA that follows 
instruction, activity, task (DA), and sources (DL). DL in Europe significantly enhance 
lecturers’ self-development, facilitate and access academic references (González et al., 
2022). Offline libraries in several universities and educational institutions were closed 
during pandemic so government and lectures were developed website or DL (Aliyyah et 
al., 2024). According to Table 1, Asian researchers from Hong Kong and Indonesia 
focused on SC and DL publications. North American researchers such as Leyva from 
Mexico focused on ILS and three from US focused on SC and LMS research.  Australian 
researcher focused on DA. In addition, four LMS researchers do not have affiliation. 
 

Table 1. Top Influential Authors. 
Type Author TD TC Affiliation Country 

ILS Leyva Carrillo, 
A. 3 11 Universidad Autónoma de Baja California sur Mexico 

SC Wong, B. T. M. 

3 24 

Open University of Hong Kong Hong 
Kong 

 Swindle, T. University of Arkansas for Medical Sciences US 

 Li, K. C. Open University of Hong Kong Hong 
Kong 

 Curran, G. M. University of Arkansas for Medical Sciences US 
EA Schmidthaler, E. 

3 

4 Johannes Kepler University Austria 
 Sabitzer, B. 4 Johannes Kepler University Austria 
 Papadakis, S. 13 University of Crete Greece 
 Lavicza, Z. 4 Johannes Kepler University Austria 

 Kalogiannakis, 
M. 13 University of Crete Greece 

DA Sabitzer, B. 5 10 Johannes Kepler University Austria 
 Nielsen, W. 4 50 University of Wollongong Australia 

https://journal.unesa.ac.id/index.php/jpps


 
How the Evolution and Track of Several Digital Technologies in Science Education? 
 

 
JPPS https://journal.unesa.ac.id/index.php/jpps  117 
 

Type Author TD TC Affiliation Country 
 Mikkonen, K.  186 University of Oulu Finland 
 Lavicza, Z. 12 Johannes Kepler University Austria 
 Crick, T. 110 Swansea University UK 

LMS Gonzalo, J. D. 5 125 Virginia Tech Carilion School of Medicine, 
Penn State College of Medicine US 

 Zace, D. 

4 

144 

- -  Yeung, J. 142 
 Smyth, M. A 144 
 Semeraro, F. 144 

DL Rosmansyah, Y. 4 9 Bandung Institute of Technology Indonesia 
 Putri, A. 

3 

6 Bandung Institute of Technology Indonesia 
 Martzoukou, K. 128 Robert Gordon University UK 

 Kolesnykova, T. 
O. 8 Ukrainian State University of Science and 

Technology Ukraine 

 Bote-Vericad, J. J. 9 Universitat de Barcelona Spain 
      

 
The Most Productive and Influential Sources in Digital Technologies Field  
Table 2 lists the top productive sources in each DT field. There 24 sources participated in 
DT research including from Q1 to Q4 Scopus. Many DL and EA research paper published 
in Journal of Medical Internet Research, with highest citation of DL research at 232. DL, 
ILS, and EA research paper published in Computer and Education, with highest citation 
of ILS research at 231. ACM International Conference Proceedings Series dominated EA, 
ILS, and SC research and total 32 conference papers published. ILS and SC published in 
Research in Science and Technological Education. There eighteen papers published in 
Library Philosophy and Practice. which discontinued journal from University of Science 
and Technology Beijing since 2021. 
 

Table 2. The productive sources 
Q Name Sources Type SA Publisher F TC CPP 

Digital Libraries 

1 Journal of Medical Internet 
Research J M JMIR Publication 9 232* 25.78 

Dis Library Philosophy and Practice J SS USTB 18* 16 0.88 
1 Computers and Education J CS, Ed Elsevier 1 191 191 

3 Journal of Library Science in 
China J SS Editorial Office 9 32 3.56 

2 Library Hi Tech J SS, CS Emerald Group 
Publishing 

8 26 3.25 

LMS 

1 International Journal of 
Information Management J 

BMA, 
CS, DS, 

SS 
Elsevier 

2 1456* 728 

 ASEE Annual Conference and 
Exposition C CS  39* 46 1.18 

1 International Journal of 
Production Research J BMA, 

DS, E Taylor and Francis 1 257 257 

 CEUR Workshop Proceedings C CS  37 167 4.51 
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Q Name Sources Type SA Publisher F TC CPP 

4 Journal of Physics: Conference 
Series C PA IOP Publishing 33 86 2.60 

Digital Assessments 
 AIP Conference Proceedings C PA AIP 4 0  
 E3S Web of Conferences C En, ES EDP Sciences 4 0  

4 Lecture Notes in Network and 
Systems B CS, E Springer 4 0  

1 Journal of Computers in 
Education J CS, SC Springer 1 17* 17 

1 Nature Reviews Nephrology J M Nature Publishing 1 5 5 
Educational Apps 

1 Cyberpsychology, Behavior, and 
Social Networking J CS, SS, 

M, P Mary Ann Liebert 1 140 140 

1 Journal of Medical Internet 
Research J M JMIR Publication 4 81 20.25 

 Sustainability    5 197* 39.4 
1 Computers and Education J CS, E Elsevier 3 56 18.66 

 ACM International Conference 
Proceeding Series C CS ACM 7* 6 0.86 

Smart Classroom 

 ACM International Conference 
Proceeding Series C CS ACM 11* 18 1.64 

2 Research in Science and 
Technological Education J SS Taylor and Francis 1 37* 37 

 Academic Medicine    1 32 32 

1 Procedia Computer Science J M, SS 
Lippincott and 
Williams and 

Wilkins 
3 27 9 

2 Computer Applications in 
Engineering Education J CS, E, SS John Wiley and 

Sons 2 33 16.5 

Interactive Learning Software 

 ACM International Conference 
Proceeding Series C CS ACM 10* 17 1.7 

1 
International Journal of 

Educational Technology in 
Higher Education 

J CS, SS Springer 1 72 72 

2 Journal of Applied Research in 
Higher Education J SS Emerald Group 

Publishing 1 32 32 

1 Computer and Education J CS, E Elsevier 2 231* 115.5 

2 Research in Science and 
Technological Education J SS Taylor and Francis 2 39 19.5 

Note: J: Journal; C: Conference; B: Book series; M: Medicine; SS: Social sciences; BMA: Businees, 
Management and Accounting; DS: Decision Sciences; E: Engineering; Ed: Education; PA: Physics and 
Astronomy; P: Psychology; En: Energy; ES: Environmental Science.  
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The Most Productive and Influential Institution and Countries in Digital Technology 
Field  

 

DL 

 

LMS 
 

DA 

 

EA 
 

SC 

 

ILS 
Figure 4. The most productive and influential institution 

 
According to Figure 4, research on DL is led by South African Universities which have 

a commitment to distance education and significant resource allocation for such research 
(Lembani et al., 2020). The LMS is mastered by Harvard Medical School with supporting 
facilities such as educational technology laboratories and innovation centers (McDaniel 
et al., 2021). The University of Sydney dominates DA research because of its digital 
evaluation laboratory facilities and study programs related (Marks & Thomas, 2022). 
While the University of Arkansas for Medical Sciences dominates SC research due to its 
excellence in the health sector (Norton et al., 2023). The University of Glasgow excels in 
ILS due to its large investment in the development of interactive technology and the 
expertise of its faculty in the field (Awaji, 2021). 
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Figure 5. The most productive countries in the field of digital technology research 
 

Based on Figure 5, it shows that the USA is the first top country that contributes highly 
to the six keywords in this research. This is because the United States excels in educational 
technology research with various major facilities (Schoeneberger et al., 2020). Harvard 
Graduate School of Education, for example, focuses on developing educational 
applications and learning management systems (Ameli, 2020). Additionally, universities 
such as Stanford and MIT have Digital Evaluation Labs to test educational technologies, 
including DA (Dede & Lidwell, 2023; Hernandez-de-Menendez & Morales-Menendez, 
2019). The University of California, Berkeley, for example, the Center for Educational 
Technology Innovation, supports the development and implementation of new 
technologies (Zhong & Zheng, 2022). The United States also has Testing and 
Implementation Facilities, such as SC at Columbia University and the University of 
Illinois at Urbana-Champaign (Smith, 2018). This combination of facilities allows the 
United States to lead research on topics such as DL, LMS, DA, EA, SC, and ILS. 
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Social Interaction between Countries  

 

DL 

 

LMS 
 

DA 

 

EA 
 

SC 

 

ILS 
Figure 6. Visualization the most productive country in the field of digital technology 

research 
Apart from visualization in map form as shown in Figure 5, Figure 6 is the result of 

metadata visualization using VOSviewer. Based on Figure 6, shows that the most 
productive country (high contribution) to the six research topics is the United States of 
America. This is shown by the presence of large nodes which indicate the level of 
contribution of a country (Peng & Dai, 2020). The larger the node displayed by 
VOSviewer, the greater the country's contribution to the research topic. 
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Most Frequent Terms in Digital Technologies  
 

DL 

 

LMS 

 

DA 

 

EA 
 

SC 

 

ILS 
Figure 7. Visualization the most frequent terms in digital technologies 

 
Figure 7 shows that in research on DL, the dominant keywords are digital libraries and 

human. They are closely related to concepts such as e-learning, education, and systematic 
reviews (Rouleau et al., 2019; Shvets et al., 2020). This relationship can be seen from the 
distance and thickness of the lines connecting them to "digital libraries" (Oyewola & 
Dada, 2022). In LMS research, the dominant keyword is "students", which is also closely 
related to e-learning, education, and educational engineering (Pham et al., 2022). Just as 
before, this relationship is indicated by the thickness of the lines connecting "students" 
with other keywords. For DA, the main keywords are education, article, students, and e-
learning. This relationship is also shown through the distance and thickness of the lines. 
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In EA, the main focus is on "students", which is related to engineering education, 
educational computing, and mobile applications (Nami, 2020). The SC is dominated by 
“students”, who are closely connected to engineering education, the Internet of things, 
curriculum, and artificial intelligence. Lastly, ILS is also led by "students", which is 
related to e-learning, education, and learning systems (Rajan & Pandit, 2022). 
 
Trending Topics of Digital Technologies in Science Education  
Figure 8 displays fields related to educational science research. Figure 9 data shows five 
fields overlapping with the six keywords: mathematics, engineering, medicine, computer 
science, and social sciences. These subjects significantly contribute to science education 
research. Mathematics provides a foundational understanding of scientific concepts. 
Engineering and computer science offer practical ways to use educational technology 
(Alam, 2022; Wu & Rau, 2019). Medicine contributes knowledge about human learning 
and its medical applications in science education  (Radanović & Likić, 2018). Social 
sciences offer insights into psychological and social factors influencing science learning 
(Miller, 2019). These fields collectively enrich educational science, integrating 
multidisciplinary approaches and understanding human learning processes. 
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Figure 8. Trending topics of digital technologies in science education 
 
CONCLUSION 
Fundamental Finding: LMS and EA were the most common publications in the last five 
years, with 230 documents. SC publications were the lowest. DL and LMS publications 
increased significantly, while DA publications decreased. LMS publications received the 
highest average citations, peaking in 2020. Articles dominate DL, LMS, DA, and EA, 
while conference papers dominate SC and ILS. 57% of DT researchers are European, with 
19% from Asia and North America. European researchers from Austria, Greece, and 
Finland collaborate on EA and DA publications. Asian researchers focus on SC and DL 
publications, while North American researchers focus on ILS, SC, and LMS research. 
Twenty-four sources are involved: The Journal of Medical Internet Research publishes 
numerous DL and EA research papers; Computer and Education has the highest citation 
rate for ILS research; ACM International Conference Proceedings Series dominates EA, 
ILS, and SC research. South African universities lead research on distance education, 
Harvard University excels in LMS, The University of Sydney dominates DA research, 
The University of Arkansas excels in SC research, and The University of Glasgow excels 
in ILS. The USA is the top productive country in DL, LMS, DA, EA, SC, and ILS research 
due to extensive facilities at Harvard University, Stanford University, MIT, and the 
University of California, Berkeley. Implication: Librarians, educators, researchers, digital 
developers, and policymakers will get insight from an overview of the latest research 
trend for DT in science education. Limitation: However, it is essential to recognize the 
limitations of relying solely on Scopus databases, as they may only partially capture the 
breadth of research contributions, mainly from non-indexed sources and publications in 
languages other than English. Future Research: Further research can be developed based 
on the scope of mathematics or physics education, investigating specific skills or STEAM, 
and combining it with other databases like Web of Science. 
    
REFERENCES 
Alam, A. (2022). Educational robotics and computer programming in early childhood  

education: a conceptual framework for assessing elementary school students’ 
computational thinking for designing powerful educational scenarios. 2022 
International Conference on Smart Technologies and Systems for Next Generation 
Computing (ICSTSN), 1–7. 

Aliyyah, R. R., Rasmitadila, Fauziah, S. P., Widyasari, Marini, A., & Ruhimat. (2024).  
Digital library: Lecturers’ perceptions of facilitating learning resources in the 
industrial era 4.0. Journal of Education and E-Learning Research, 11(1), 203–210. 

https://journal.unesa.ac.id/index.php/jpps


 
How the Evolution and Track of Several Digital Technologies in Science Education? 
 

 
JPPS https://journal.unesa.ac.id/index.php/jpps  125 
 

https://doi.org/10.20448/jeelr.v11i1.5425 
Ameli, F. (2020). Teaching and learning for the twenty-first century: educational goals, policies,  

and curricula from six nations: edited by FM Reimers and CK Chung, Cambridge, MA, 
Harvard Education Press, 2016, 304 pp., US $34 (paperback), ISBN 978-1-61250-922-
8. Taylor & Francis. 

Aristovnik, A., Ravšelj, D., & Umek, L. (2020). A bibliometric analysis of COVID-19 across  
science and social science research landscape. Sustainability, 12(21), 9132. 
https://doi.org/10.3390/su12219132 

Awaji, B. M. A. (2021). Investigating the effectiveness of using GeoGebra software on students’  
mathematical proficiency. University of Glasgow. 

Balyer, A., & Öz, Ö. (2018). Academicians’ Views on Digital Transformation in Education.  
International Online Journal of Education and Teaching, 5(4), 809–830. 
http://iojet.org/index.php/IOJET/article/view/441/295 

Berchin, I. I., Sima, M., de Lima, M. A., Biesel, S., dos Santos, L. P., Ferreira, R. V., de  
Andrade, J. B. S. O., & Ceci, F. (2018). The importance of international conferences 
on sustainable development as higher education institutions’ strategies to 
promote sustainability: A case study in Brazil. Journal of Cleaner Production, 171, 
756–772. https://doi.org/10.1016/j.jclepro.2017.10.042. 

Bielecka, E. (2020). GIS spatial analysis modeling for land use change. A bibliometric  
analysis of the intellectual base and trends. Geosciences, 10(11), 421. 
https://doi.org/10.3390/geosciences10110421. 

Brundiers, K., Barth, M., Cebrián, G., Cohen, M., Diaz, L., Doucette-Remington, S.,  
Dripps, W., Habron, G., Harré, N., & Jarchow, M. (2021). Key competencies in 
sustainability in higher education—toward an agreed-upon reference 
framework. Sustainability Science, 16, 13–29. https://doi.org/10.1007/s11625-
020-00838-2. 

Cebrián, G., Palau, R., & Mogas, J. (2020). The smart classroom as a means to the  
development of ESD methodologies. Sustainability, 12(7), 3010. 
https://doi.org/10.3390/su12073010. 

Chassignol, M., Khoroshavin, A., Klimova, A., & Bilyatdinova, A. (2018). Artificial  
Intelligence trends in education: a narrative overview. Procedia Computer Science, 
136, 16–24. https://doi.org/10.1016/j.procs.2018.08.233.  

Cress, T., & Kalthoff, H. (2023). Hybrid Imbalance: Collaborative Fabrication of Digital  
Teaching and Learning Material. Qualitative Sociology, 46(3), 403–428. 
https://doi.org/10.1007/s11133-023-09539-5. 

Dede, C., & Lidwell, W. (2023). Developing a next-generation model for massive digital  
learning. Education Sciences, 13(8), 845. 
https://doi.org/10.3390/educsci13080845. 

Farooq, R. (2023). Knowledge management and performance: a bibliometric analysis  
based on Scopus and WOS data (1988–2021). Journal of Knowledge Management, 
27(7), 1948–1991. https://doi.org/10.1108/JKM-06-2022-0443. 

García-Lillo, F., Claver, E., Marco-Lajara, B., Seva-Larrosa, P., & Ruiz-Fernández, L.  
(2021). MNEs from emerging markets: a review of the current literature through 
“bibliographic coupling” and social network analysis. International Journal of 
Emerging Markets, 16(8), 1912–1942. https://doi.org/10.1108/IJOEM-03-2019-
0170. 

https://journal.unesa.ac.id/index.php/jpps
https://doi.org/10.20448/jeelr.v11i1.5425
https://doi.org/10.3390/su12219132
https://doi.org/10.1016/j.jclepro.2017.10.042
https://doi.org/10.3390/geosciences10110421
https://doi.org/10.3390/su12073010
https://doi.org/10.1016/j.procs.2018.08.233
https://doi.org/10.3390/educsci13080845
https://doi.org/10.1108/JKM-06-2022-0443
https://doi.org/10.1108/IJOEM-03-2019-0170
https://doi.org/10.1108/IJOEM-03-2019-0170


 
How the Evolution and Track of Several Digital Technologies in Science Education? 
 

 
JPPS https://journal.unesa.ac.id/index.php/jpps  126 
 

González, C., López, D., Calle-Arango, L., Montenegro, H., & Clasing, P. (2022). Chilean  
University Students’ Digital Learning Technology Usage Patterns and 
Approaches to Learning. ECNU Review of Education, 5(1), 37–64. 
https://doi.org/10.1177/20965311211073538. 

Haleem, A., Javaid, M., Qadri, M. A., & Suman, R. (2022). Understanding the role of  
digital technologies in education: A review. Sustainable Operations and Computers, 
3, 275–285. https://doi.org/10.1016/j.susoc.2022.05.004. 

Heradio, R., Perez-Morago, H., Fernandez-Amoros, D., Cabrerizo, F. J., & Herrera- 
Viedma, E. (2016). A bibliometric analysis of 20 years of research on software 
product lines. Information and Software Technology, 72, 1–15. 
https://doi.org/10.1016/j.infsof.2015.11.004. 

Hernandez-de-Menendez, M., & Morales-Menendez, R. (2019). Technological  
innovations and practices in engineering education: a review. International Journal 
on Interactive Design and Manufacturing (IJIDeM), 13, 713–728. 

Horbach, S. ( S., & Halffman, W. ( W. (2018). The changing forms and expectations of peer  
review. Research Integrity and Peer Review, 3, 1–15. 
https://doi.org/10.1186/s41073-018-0051-5. 

Islam, M. M., Chowdhury, M. A. M., Begum, R. A., & Amir, A. A. (2022). A  
bibliometric analysis on the research trends of climate change effects on 
economic vulnerability. Environmental Science and Pollution Research, 29(39), 
59300–59315. https://doi.org/10.1007/s11356-022-20028-0. 

Lembani, R., Gunter, A., Breines, M., & Dalu, M. T. B. (2020). The same course, different  
access: the digital divide between urban and rural distance education students in 
South Africa. Journal of Geography in Higher Education, 44(1), 70–84. 
https://doi.org/10.1080/03098265.2019.1694876. 

Li, K. C., & Wong, B. T.-M. (2022). Research landscape of smart education: a bibliometric  
analysis. Interactive Technology and Smart Education, 19(1), 3–19. 
https://doi.org/10.1108/ITSE-05-2021-0083. 

Marks, B., & Thomas, J. (2022). Adoption of virtual reality technology in higher education:  
An evaluation of five teaching semesters in a purpose-designed laboratory. 
Education and Information Technologies, 27(1), 1287–1305. 
https://doi.org/10.1007/s10639-021-10653-6. 

McDaniel, K. G., Brown, T., Radford, C. C., McDermott, C. H., van Houten, T., Katz, M.  
E., Stearns, D. A., & Hildebrandt, S. (2021). Anatomy as a model environment for 
acquiring professional competencies in medicine: Experiences at Harvard 
Medical School. Anatomical Sciences Education, 14(2), 241–251. 
https://doi.org/10.1002/ase.2000. 

Miller, T. (2019). Explanation in artificial intelligence: Insights from the social sciences.  
Artificial Intelligence, 267, 1–38. https://doi.org/10.1016/j.artint.2018.07.007. 

Nami, F. (2020). Educational smartphone apps for language learning in higher education:  
Students’ choices and perceptions. Australasian Journal of Educational Technology, 
36(4), 82–95. https://doi.org/10.14742/ajet.5350. 

Norton, J. C., Politis, M. D., Bimali, M., Vyas, K. S., Bircan, E., Nembhard, W. N., Amick,  
B. C., & Koturbash, I. (2023). Analysis of COVID-19 pandemic on supplement 
usage and its combination with self-medication within the state of Arkansas. 
Journal of Dietary Supplements, 20(2), 171–198. 

https://journal.unesa.ac.id/index.php/jpps
https://doi.org/10.1016/j.susoc.2022.05.004
https://doi.org/10.1016/j.infsof.2015.11.004
https://doi.org/10.1108/ITSE-05-2021-0083
https://doi.org/10.1002/ase.2000
https://doi.org/10.1016/j.artint.2018.07.007


 
How the Evolution and Track of Several Digital Technologies in Science Education? 
 

 
JPPS https://journal.unesa.ac.id/index.php/jpps  127 
 

https://doi.org/10.1080/19390211.2022.2128500. 
Oliveira, G., Grenha Teixeira, J., Torres, A., & Morais, C. (2021). An exploratory study on  

the emergency remote education experience of higher education students and 
teachers during the COVID‐19 pandemic. British Journal of Educational Technology, 
52(4), 1357–1376. https://doi.org/10.1111/bjet.13112. 

Oyewola, D. O., & Dada, E. G. (2022). Exploring machine learning: a scientometrics  
approach using bibliometrix and VOSviewer. SN Applied Sciences, 4(5), 143. 
https://doi.org/10.1007/s42452-022-05027-7. 

Peng, X., & Dai, J. (2020). A bibliometric analysis of neutrosophic set: two decades review  
from 1998 to 2017. Artificial Intelligence Review, 53(1), 199–255. 
https://doi.org/10.1007/s10462-018-9652-0. 

Pham, P.-T., Lien, D. T. H., Kien, H. C., Chi, N. H., Tinh, P. T., Do, T., Nguyen, L. C., &  
Nguyen, T.-T. (2022). Learning Management System in Developing Countries: A 
Bibliometric Analysis between 2005 and 2020. European Journal of Educational 
Research, 11(3), 1363–1377. https://doi.org/10.12973/eu-jer.11.3.1363. 

Radanović, I., & Likić, R. (2018). Opportunities for use of blockchain technology in  
medicine. Applied Health Economics and Health Policy, 16, 583–590.  
https://doi.org/10.1007/s40258-018-0412-8. 

Rajan, K. K., & Pandit, A. S. (2022). Comparing computer-assisted learning activities for  
learning clinical neuroscience: A randomized control trial. BMC Medical 
Education, 22(1), 522. https://doi.org/10.1186/s12909-022-03578-2. 

Rethlefsen, M. L., Kirtley, S., Waffenschmidt, S., Ayala, A. P., Moher, D., Page, M. J., &  
Koffel, J. B. (2021). PRISMA-S: an extension to the PRISMA statement for 
reporting literature searches in systematic reviews. Systematic Reviews, 10, 1–19. 
https://doi.org/10.1186/s13643-020-01542-z. 

Robinson-Garcia, N., Mongeon, P., Jeng, W., & Costas, R. (2017). DataCite as a  
novel bibliometric source: Coverage, strengths and limitations. Journal of 
Informetrics, 11(3), 841–854. https://doi.org/10.1016/j.joi.2017.07.003. 

Rouleau, G., Gagnon, M.-P., Côté, J., Payne-Gagnon, J., Hudson, E., Dubois, C.-A., &  
Bouix-Picasso, J. (2019). Effects of e-learning in a continuing education context on 
nursing care: systematic review of systematic qualitative, quantitative, and 
mixed-studies reviews. Journal of Medical Internet Research, 21(10), e15118. 
https://doi.org/10.2196/15118. 

Schoeneberger, C. A., McMillan, C. A., Kurup, P., Akar, S., Margolis, R., & Masanet, E.  
(2020). Solar for industrial process heat: A review of technologies, analysis 
approaches, and potential applications in the United States. Energy, 206, 118083. 
https://doi.org/10.1016/j.energy.2020.118083. 

Shvets, O., Murtazin, K., & Piho, G. (2020). Providing feedback for students in e-learning  
systems: a literature review, based on ieee explore digital library. 2020 IEEE 
Global Engineering Education Conference (EDUCON), 284–289. 
https://doi.org/10.1109/EDUCON45650.2020.9125344. 

Singh, H., & Miah, S. J. (2020). Smart education literature: A theoretical analysis. Education  
and Information Technologies, 25(4), 3299–3328. https://doi.org/10.1007/s10639-
020-10116-4. 

Smith, N. (2018). Integrating Gamification into Mathematics Instruction: A Qualitative  
Exploratory Case Study on the Perceptions of Teachers at the Fourth and Fifth 

https://journal.unesa.ac.id/index.php/jpps
https://doi.org/10.1016/j.energy.2020.118083


 
How the Evolution and Track of Several Digital Technologies in Science Education? 
 

 
JPPS https://journal.unesa.ac.id/index.php/jpps  128 
 

Grade Level. Online Submission.  
Tazouti, Y., Thomas, A., Hoareau, L., Jarlégan, A., Hubert, B., & Luxembourger, C. (2024).  

Correction to: Assessment of an educational classroom app’s impact on 
preschoolers’ early numeracy skills. European Journal of Psychology of Education, 
39(1), 29–30. https://doi.org/10.1007/s10212-023-00709-1. 

Wang, S., Chen, Y., Lv, X., & Xu, J. (2023). Hot topics and frontier evolution of science  
education research: A bibliometric mapping from 2001 to 2020. Science & 
Education, 32(3), 845–869. https://doi.org/10.1007/s11191-022-00337-z. 

Wu, S. P. W., & Rau, M. A. (2019). How students learn content in science, technology,  
engineering, and mathematics (STEM) through drawing activities. Educational 
Psychology Review, 31, 87–120. https://doi.org/10.1007/s10648-019-09467-3. 

Zhan, X., Sun, D., Wen, Y., Yang, Y., & Zhan, Y. (2022). Investigating students’  
engagement in mobile technology-supported science learning through video-
based classroom observation. Journal of Science Education and Technology, 31(4), 
514–527. https://doi.org/10.1007/s10956-022-09970-3. 

Zhong, J., & Zheng, Y. (2022). Empowering future education: Learning in the Edu- 
Metaverse. 2022 International Symposium on Educational Technology (ISET), 292–
295. https://doi.org/10.1109/ISET55194.2022.00068. 

 
 

*Khoirun Nisa’ (Corresponding Author) 
Department of Physics, Faculty of Mathematics and Natural Science, 
University Negeri Surabaya, 
Jl. Lidah Wetan, Surabaya, East Java, 60213, Indonesia 
Email: khoirun19005@gmail.com 

Afaurina Indriana Safitri 
Department of Physics, Faculty of Mathematics and Natural Science 
Univeristas Negeri Surabaya, 
Jl. Lidah Wetan, Surabaya, East Java, 60213, Indonesia 
Email: afaurinaindriana.20007@mhs.unesa.ac.id  

Husni Mubarok 
Graduate Institute of Digital Learning and Education 
National Taiwan University of Science and Technology, 
No. 43, Section 4, Keelung Rd., Da’an District, Taipei City 106, Taiwan 
Email: husnimubarok254@gmail.com 

 

https://journal.unesa.ac.id/index.php/jpps
mailto:khoirun
mailto:afaurinaindriana.20007@mhs.unesa.ac.id

