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Abstract. The purpose of this study is to explore and synthesize the latest empirical evidence (2020–2025) regarding 
the effectiveness of using Information and Communication Technology (ICT) in improving the quality of Natural 
Science (IPA) learning at the Elementary School (SD) level. Effectiveness evaluation was conducted 
multidimensionally, covering improvements in cognitive learning outcomes, the development of science process 
skills (SPS) as a psychomotor dimension, and affective impacts (motivation, engagement, and inclusion). This study 
followed a systematic protocol to ensure transparency and disclosure. The synthesis of studies indexed by Scopus 
and SINTA showed that ICT has significant and beneficial effects, especially when combined with constructivist 
learning models such as Problem-Based Learning (PBL) or Project-Based Learning (PjBL). Cognitively, ICT has been 
shown to substantially improve conceptual understanding (with a high N-gain score). Psychomotorically, simulation 
and immersive reality technology are very effective in training integrated SPS. In addition, ICT plays a crucial role in 
the affective dimension, serving as an inclusion tool that personalizes teaching, increases motivation, and supports 
the active participation of students with special educational needs (SENs). This study concludes that effective ICT 
implementation requires improving teachers' pedagogical competence in integrating interactive technologies (such 
as augmented reality, virtual reality, and artificial intelligence-based adaptive systems) with active learning strategies. 

Keywords: Learning Effectiveness, Inclusion, Science Process Skills, Information Communication Technology. 

1. Introduction  
Science education at the elementary school level serves as an important foundation 

for the development of students' science literacy in the 21st century [1]. Science is 
defined as a dynamic relationship between scientific knowledge, scientific values, and 
scientific methods [2]. Its main goal is to equip students with the ability to understand 
the world around them through investigation and logical reasoning [3]. Nevertheless, 
science teaching in elementary schools faces significant challenges [4]. Students at this 
level are in the stage of cognitive development where their thinking tends to be still 
concrete [5]. Most science material, especially that involving abstract concepts such as 
force, energy, and microscopic phenomena, is often difficult to understand because it is 
presented without adequate visualization or real-world experience [6]. These limitations, 
which are often referred to as obstacles in contextual and engaging presentation [7], 
contribute to students' low conceptual understanding and critical thinking skills [8]. 
Therefore, innovation in science learning is needed to strengthen students' 
understanding of concepts [9]. 

The rapid advancement of science and technology (IPTEK) requires a 
transformation in the education system, which requires teachers to apply technology in 
active and enjoyable learning [10]. Information and Communication Technology (ICT), or 
Educational Technology (EdTech), has become an important instrument for overcoming 
various learning barriers [11]. The integration of ICT in elementary science learning offers 
a solution to overcome abstract constraints. ICT enables the provision of interactive 
media that triggers engagement, provides feedback, and facilitates the exploration of 
virtual environments [12]. For example, the use of physics simulation applications such 
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as PhET allows students to manipulate variables in real-time (e.g., force, mass, and 
acceleration), giving them a deeper visual understanding than just reading from a 
textbook [13]. The shift from passive learning to learning that facilitates direct interaction 
between students and visual or manipulative representations is a key prerequisite for 
improving the effectiveness of science learning [14]. 

To meet the research standards published in reputable journals (Scopus/SINTA), 
the evaluation of ICT effectiveness must be multidimensional and supported by strong 
quantitative metrics. This study determined that effectiveness is measured through three 
main dimensions of learning outcomes: (a) measured through improved conceptual 
understanding and cognitive learning outcomes, often using an N-gain (normalized gain) 
score to demonstrate the effectiveness of an intervention [15], (b) measured through 
Science Process Skills (SPS) and Critical Thinking Skills [16], and (c) measured through 
increased learning motivation, engagement, and ICT contribution to educational 
inclusion [17]. 

Particular emphasis is placed on the use of robust quantitative metrics, such as N-
gain, as such results provide the empirical evidence necessary to prove their effectiveness 
academically, in accordance with international publication standards [18]. The main 
objective of this study is to evaluate and critically synthesize the latest empirical findings 
(2020-2025) to identify the most crucial technologies, pedagogical models, and 
effectiveness indicators in the implementation of ICT in elementary science [19]. ICT, as 
a component of Educational Technology (EdTech), encompasses a wide range of tools 
and systems designed to mediate the learning process and overcome learning barriers 
[20]. In the last decade, the role of ICT has evolved from just a presentation medium 
(educational videos or interactive slides) to an intelligent and adaptive learning system 
[21]. Recent studies show a trend toward systems that support personalized learning. 
Adaptive Learning Systems (ALS) and the use of Artificial Intelligence (AI) are increasingly 
being researched [22]. AI in education enables adaptive instruction in real-time, providing 
individualized support and feedback to students [23]. The utilization of this kind of 
innovative technology not only improves academic performance but also significantly 
triggers student motivation and engagement [24]. 

Science Process Skills (SPS) is a core competency in science learning in the 21st 
century. SPS allows students to act like scientists, not just memorize facts. SPS includes 
basic process skills, such as observing, measuring, classifying, and communicating, as well 
as integrated process skills, such as formulating hypotheses, determining variables, 
interpreting data, analyzing, and synthesizing data [25]. The development of SPS, 
especially integrated skills, is very important in elementary/secondary schools [26]. ICT 
plays an important role here, as simulation technologies and virtual environments (such 
as virtual labs) offer an ideal way to train integrated SPS [27]. Students can design and 
conduct virtual experiments, collect data, and interpret the results, activities that are 
often difficult to replicate in elementary school physical laboratories due to resource or 
security limitations [28]. 

To ensure that the findings of these studies are relevant and credible, the literature 
review must adhere to strict standards of scientific publications. Research articles must 
be sourced from Scopus or SINTA 2 indexed journals or above, demonstrating 
methodological rigor and a transparent peer-review process. The main criterion used in 
this review is publication time restrictions (2020–2025) to reflect the most current 
curriculum trends, technologies, and contexts [29], [30]. This approach uses a Systematic 
Literature Review (SLR), requiring the study to follow structured, transparent, and 
replicable steps, as suggested by the PRISMA protocol. 
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2. Implementation Method 
2.1 Research Design: Systematic Literature Review (SLR) 

This study uses a Systematic Literature Review (SLR) design. The SLR method was 
chosen because it provides a scalable and transparent framework for identifying, 
evaluating, and synthesizing data from various empirical research outcomes (especially 
quasi-experimental studies and developmental research) in depth. This approach goes 
beyond traditional literature review by implementing strict protocols to reduce bias in 
the selection process. 

2.2 Data Search Protocols and Strategies 
Search and reporting protocols are based on recommended frameworks (PRISMA-

P), ensuring that all steps from identification to inclusion are clearly documented. 
Literature searches were conducted on major databases that include highly reputable 
journals, namely Scopus, Web of Science, and local academic databases that include 
SINTA-indexed journals. The publication time limit is set from 2020 to 2025. The 
combination of keywords used in Indonesian and English includes terms such as: 
effectiveness, ICT, primary school, science, SPS, N-gain, Scopus, SINTA 2020–2025, 
EdTech, adaptive learning, and interactive simulation. 

Stages Procedure Description (2020–2025) Justification 
Identification Initial searches on Scopus, SINTA, WoS used 

specific keyword combinations related to ICT, 
ELEMENTARY SCIENCE, and effectiveness. 

Ensure an indexed database, 
up-to-date data, and 
relevance of core topics [31]. 

Screening Screening based on titles and abstracts to 
ensure a focus on ICT in the context of science 
learning at the elementary/middle school 
level and effectiveness assessment. 

Eliminate studies that are not 
relevant to the level of basic 
education (e.g. junior high 
school/high school) [32]. 

Credentials Full-text screening, evaluating 
methodological rigor (quasi-experimental 
design, valid instruments) and availability of 
quantitative effectiveness metrics. 

Ensure the quality and validity 
of the empirical evidence 
included. 

Inclusion The number of final articles included in the 
thematic synthesis and thematic meta-
synthesis processes. 

Transparency and replication 
of the selection process [33]. 

2.3 Inclusion and Exclusion Criteria 
The inclusion criteria for the analyzed studies were: (a) the research article focuses 

on the use of ICT (including multimedia, simulation, or adaptive systems) in the context 
of science learning in elementary schools (SD/MI). (b) Peer-reviewed publications are 
indexed by Scopus or SINTA. (c) The time range of publication is between 2020 and 2025 
[34]. (d) Presenting clear effectiveness metrics, both quantitative (N-gain, t-test, SPS 
scores) and qualitative (motivation, engagement, inclusion) [35]. Exclusion Criteria 
include: studies published before 2020; non-research articles (opinions, book reviews); 
and studies that focus on higher education levels (junior high school/high school) unless 
their relevance to the context of elementary school is proven to be very strong. 

2.4 Data Extraction and Synthesis Procedures 
After the selection stage, the data is extracted. This process includes the 

identification of key variables: the type of ICT used, the integrated learning model, the 
research subject (elementary/middle school students), the effectiveness metrics 
measured, and the quantitative results (e.g., the average pre-test and post-test score of 
N-gain). To ensure reliability, the initial screening process involves at least one 
independent reviewer. 

Table 1. Present 
the common 

protocols 
followed in the 

SLR process 
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Data analysis is carried out through thematic synthesis to identify common patterns 
in ICT types and their impacts, as well as thematic meta-synthesis, especially to compile 
and compare quantitative results such as N-gain from relevant effectiveness (quasi-
experimental) studies [36]. 

3. Result and Discussion 
3.1 Trend Map of ICT Implementation in Elementary Science (2020–2025) 

Literature analysis for the period 2020–2025 shows a significant shift in the types 
of ICT used in elementary science learning. Initially, the focus may be on basic digital 
multimedia such as educational videos and interactive slides. However, recent trends 
show an increase in the adoption of technologies that offer higher levels of interaction 
and personalization, which directly addresses the problem of understanding abstract 
concepts. The most prominent and proven effective technologies in the current literature 
include: 
1. Interactive Simulations: A prime example is physics simulation applications such as 

PhET, which allow students to simulate the motion of objects and observe the 
interaction of force, mass, and acceleration in real-time. 

2. Immersive Reality: Including Augmented Reality (AR), Virtual Reality (VR), and virtual 
labs, which serve to concretize abstract concepts and offer environmental exploration 
[37]. 

3. Adaptive Systems and AI: The use of Intelligent Tutoring Systems or Artificial 
Intelligence (AI)-based applications that provide individualized instruction and real-
time feedback [38]. 

This type of ICT is considered effective because it can help students understand 
abstract science concepts in a more concrete and fun way [39]. 

ICT Type Specific Examples Key Functions Main Impact Ref. 
Interactive 
Simulation 

PhET Simulation, 
Laboratorium 
Virtual 

Visualize complex 
variable interactions, 
enabling real-time 
manipulation 

Overcoming abstract 
concepts; 
Improvement of 
Critical Thinking Skills 

[40] 

Immersive 
Reality 

Augmented Reality 
(AR), Virtual 
Reality (VR) 

Provide environmental 
exploration and 
contextual experiences 
that are difficult to 
access 

Increased 
Engagement, 
Materialization 

[41] 

Adaptive 
Learning (AI) 

Intelligent 
Tutoring Systems, 
an AI-based 
application 

Personalize instructions, 
provide individualized 
learning paths and real-
time feedback 

Increased Motivation, 
Inclusion Support 
(SENs), Academic 
Performance 

[42] 

Basic Digital 
Multimedia 

Educational 
Videos, Interactive 
E-books, Quiz Apps  

Material supplements, 
formative assessments, 
interest enhancers 

Understanding of Basic 
Concepts, Learning 
Interest 

[43] 

3.2 Cognitive Effectiveness Evaluation: Improving Conceptual Understanding 
A synthesis of quantitative data from effectiveness studies shows that the use of 

ICT consistently results in higher learning outcomes compared to traditional methods. 
The effectiveness of ICT is most strongly seen in bridging the gap between abstract 
material and concrete thinking of elementary school students. One of the strongest 
pieces of evidence regarding the cognitive effectiveness of ICT is seen in quasi-
experimental studies that measure improved critical thinking skills, which are an integral 
part of the high-level cognitive domain. For example, a study using interactive multimedia 

Table 2. 
Summarizing the 

ICT taxonomy 
that has been 

found to be 
effective in 
Elementary 

Science Learning 
(2020–2025) 
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reported an average pre-test score of 34.75 and a post-test score of 82.05 (Taufiq, 2020). 
This increase was measured using an N-gain score, which reached 0.75 in the 
experimental group, categorized as "high". These results show that ICT not only improves 
scores but also achieves a substantial level of effectiveness in encouraging a deeper 
understanding of concepts.  

The main advantage of ICT in the cognitive dimension is its ability to offer visual and 
manipulative representations. Students who have difficulty understanding Newton's laws 
through oral explanations or textbooks can visually observe and manipulate variables in 
simulations, which directly supports their cognitive processes in understanding cause-
and-effect relationships. Other studies have also concluded that science learning using 
certain media (e.g., digital comics) is better than conventional media in terms of 
understanding concepts and application [44]. 

3.3 Evaluation of Psychomotor Effectiveness: Impact on Science Process Skills (SPS) 
ICT has proven to be very relevant in training Science Process Skills (SPS). Basic SPS 

(observation, measuring) and integrated SPS (formulating hypotheses, interpreting data) 
can be trained effectively through a simulated environment. ICT transforms the role of 
students from consumers of information to active investigators. A study examining the 
effectiveness of interactive multimedia in improving critical thinking skills strongly 
associated with integrated SPS found that the highest increase in N-gain occurred in the 
indicator "Formulating alternative solutions," reaching a value of 0.86. This indicates that 
ICT, particularly through simulations and virtual labs, facilitates students' training in data 
analysis and solution formulation skills, which are key components of an integrated SPS. 
By using ICT, obstacles that are often experienced in elementary schools, such as the 
limitations of laboratory equipment and the risk of experiments, can be overcome [45]. 
Students can run virtual experiments over and over again, test hypotheses, and interpret 
the results, without physical limitations, thus effectively encouraging the development of 
their scientific process skills. The ability to view and manipulate variables in real-time (as 
in PhET) directly supports basic and integrated SPS training. 

3.4 Evaluation of Affective Effectiveness: Motivation, Engagement, and Inclusion 
The evaluation of the effectiveness of ICT in elementary science learning is not only 

limited to cognitive and psychomotor outcomes but also includes affective dimensions, 
namely motivation, engagement, and inclusion. Meta-analysis showed a favorable effect 
for experimental groups that used ICT in science learning, especially in supporting student 
diversity. The use of ICTs, particularly mobile devices (tablets or mobile devices), has been 
shown to generate greater motivation among students. ICT positively affects students' 
learning interest and motivation questionnaire scores. This increase in motivation is not 
only superficial. By utilizing ICT, teachers can design activities tailored to students' 
individual interests and abilities, ultimately increasing their autonomy and active 
participation in the learning process. 

One of the most significant findings in the current literature is the role of ICT in 
creating educational equity, especially for students with Special Educational Needs 
(SENs). ICT serves as an important tool for attention to diversity. AI-based adaptive 
systems allow for personalization of instructions. These systems can tailor the material 
and learning pace according to the specific needs of the student, providing individual 
support and addressing certain learning difficulties, such as dyslexia, through intelligent 
tutoring systems. The personalization of this instruction ensures that ICT not only 
improves average performance but also reaches students who may be marginalized by 
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traditional methods. Effective use of ICT can foster meaningful and high-quality inclusion 
by supporting the active participation of SEN students. 

Dimension of 
Effectiveness 

Measurement 
Indicator 

Positive Outcome 
Range (2020–2025) 

Implications for 
Elementary School  

Ref. 

Cognitive N-Gain Score 
Pemahaman 
Konsep 

N-gain hingga 0,75 
(Kategori Tinggi) 

Overcoming the 
difficulty of 
understanding 
abstract concepts 
through visualization. 

[46] 

Psychomotor 
Skills (SPS) 

Skor Keterampilan 
Berpikir Kritis, 
Observasi 
Eksperimen 

Peningkatan N-gain 
tertinggi pada indikator 
"Merumuskan alternatif 
penyelesaian" (0,86) 

Develop data 
investigation and 
analysis skills, 
transforming the role 
of students into 
scientists. 

[47] 

Affective 
(Motivation) 

Angket Motivasi, 
Keterlibatan 
Partisipasi 

Efek yang 
menguntungkan 
(favorable effect) pada 
kelompok eksperimen 
TIK. 

Increase interest, 
autonomy, and create 
an enjoyable learning 
experience. 

[48] 

Inclusion Student 
Participation Rate 
SENs, Quality of 
Personalization 

ICT supports effective 
self-creation and 
increased active 
participation through 
adaptive systems. 

Creating a more 
inclusive and 
equitable learning 
environment. 

[49] 

3.5 Challenges and Key Factors for Successful Implementation 
The high effectiveness of ICT depends on how the technology is pedagogically 

integrated. There is strong agreement in the literature that digital media, such as virtual 
labs and AR/VR, become effective only when combined with constructivistic learning 
models such as PBL, Discovery Learning, PjBL. These models provide a framework that 
drives inquiry, so that technology is used as an investigative tool, not just a substitute for 
lectures. However, the implementation of ICT in elementary schools faces several main 
obstacles: 
1. Teacher Competence: The main problem experienced is the lack of teachers' 

understanding of the effective implementation of technology in science learning. 
Teachers may only be limited to presenting materials or conventional field practices, 
whereas ICT can be used to display more sophisticated educational videos or 
interactive slides. 

2. Student Readiness and Dependency: Although ICT increases autonomy, some 
experimental studies have noted that students are not used to independent learning 
and still tend to depend on teacher/lecturer instruction (Taufiq, 2020). ICT 
implementation must be accompanied by self-reliance training. 

3. Infrastructure Limitations: Although not explicitly measured in effectiveness metrics, 
uneven availability of devices, connectivity, and technical support across regions are 
structural challenges in achieving ICT effectiveness nationwide. 

A key factor of success lies in the understanding that technology must be used to 
strengthen pedagogical methodologies. The optimal implementation of ICT in elementary 
science must be able to connect technology, emotions, and student diversity , thereby 
facilitating effective and meaningful educational inclusion [50]. 

Table 3. 
Synthesis of Key 

Metrics and 
Indicators of ICT 
Effectiveness in 

Elementary 
Science 
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4. Conclusion 
Based on a systematic literature review of Scopus and SINTA-indexed journals for 

the 2020–2025 period, it can be concluded that the use of Information and 
Communication Technology (ICT) shows significant and multidimensional effectiveness in 
science learning in elementary schools. This effectiveness goes beyond the improvement 
of cognitive achievement alone, extending to the psychomotor (SPS) and affective 
(motivation and inclusion) dimensions. The most effective technologies are those that 
offer interactive and manipulative experiences, such as PhET simulations, Virtual Labs, 
and Immersive Reality (AR/VR), as these technologies manage to concretize abstract 
science concepts. Empirical evidence shows cognitive effectiveness through high N-gain 
scores (up to 0.75) and integrated SPS increases (with N-gain up to 0.86 on the indicators 
of alternative formulation of settlement) (Taufiq, 2020). Affectively, ICT has been shown 
to have a beneficial effect, especially as an inclusion tool that facilitates personalization 
and increases the participation of students with special needs. However, optimal 
effectiveness is only achieved when ICT is intentionally integrated with constructivist 
learning models such as PBL and PjBL. 

5. Acknowledgements 
were also extended to the committee and all parties who played an active role in 

realizing this community service activity as part of efforts to improve the quality of 
madrasah education based on innovation and reflection. 

6. Declaration 
Author contributions and responsibilities - The authors made substantial contributions to 
the conception and design of the study. The authors were responsible for the data 
analysis, interpretation, and discussion of the results. The authors read and approved the 
final manuscript. 
Funding - This study received no external funding. Availability of data and materials - All 
data are available from the authors. 
Conflict of interest - The authors declare no conflicts of interest. 
Did you use generative AI to write this manuscript? - I did not use AI assistance in my 
manuscript. 
Generative AI and AI-assisted technology statement in the writing process - During the 
preparation of this work, the authors did not use AI for writing, editing, or anything else 
related to the manuscript. 

7. How to Quote  
D. Wardani et al., The Effectiveness of Information and Communication Technology in 
Science Learning in Elementary Schools. Memoirs C 2025; 1 (2): era-51 - 
https://doi.org/10.59535/05xhhx11 

8. References 
[1] J. Osborne and D. Allchin, “Science literacy in the twenty-first century: informed trust and the competent 

outsider,” International Journal of Science Education, vol. 47, no. 15–16, pp. 2134–2155, Nov. 2025, doi: 
10.1080/09500693.2024.2331980. 

[2] J. Chubb, P. Cowling, and D. Reed, “Speeding up to keep up: exploring the use of AI in the research process,” AI & 
Soc, vol. 37, no. 4, pp. 1439–1457, Dec. 2022, doi: 10.1007/s00146-021-01259-0. 

[3] M. I. Baig and E. Yadegaridehkordi, “Flipped classroom in higher education: a systematic literature review and 
research challenges,” Int J Educ Technol High Educ, vol. 20, no. 1, p. 61, Nov. 2023, doi: 10.1186/s41239-023-
00430-5. 

https://doi.org/10.59535/05xhhx11


 

Page 8 of 10 © D. Wardani et al. 

O
p

en
 A

cc
es

s 
 

[4] G. M. Francom, S. J. Lee, and H. Pinkney, “Technologies, Challenges and Needs of K-12 Teachers in the Transition to 
Distance Learning during the COVID-19 Pandemic,” TechTrends, vol. 65, no. 4, pp. 589–601, July 2021, doi: 
10.1007/s11528-021-00625-5. 

[5] M. Nkadimeng and P. Ankiewicz, “The Affordances of Minecraft Education as a Game-Based Learning Tool for Atomic 
Structure in Junior High School Science Education,” J Sci Educ Technol, vol. 31, no. 5, pp. 605–620, Oct. 2022, doi: 
10.1007/s10956-022-09981-0. 

[6] H. A. Santos Garduño, M. I. Esparza Martínez, and M. Portuguez Castro, “Impact of Virtual Reality on Student 
Motivation in a High School Science Course,” Applied Sciences, vol. 11, no. 20, p. 9516, Jan. 2021, doi: 
10.3390/app11209516. 

[7] G. H. Roehrig, E. A. Dare, J. A. Ellis, and E. Ring-Whalen, “Beyond the basics: a detailed conceptual framework of 
integrated STEM,” Discip Interdscip Sci Educ Res, vol. 3, no. 1, p. 11, Dec. 2021, doi: 10.1186/s43031-021-00041-
y. 

[8] Y.-R. Ho, B.-Y. Chen, and C.-M. Li, “Thinking more wisely: using the Socratic method to develop critical thinking skills 
amongst healthcare students,” BMC Med Educ, vol. 23, no. 1, p. 173, Mar. 2023, doi: 10.1186/s12909-023-04134-
2. 

[9] P. Kwangmuang, S. Jarutkamolpong, W. Sangboonraung, and S. Daungtod, “The development of learning 
innovation to enhance higher order thinking skills for students in Thailand junior high schools,” Heliyon, vol. 7, no. 
6, June 2021, doi: 10.1016/j.heliyon.2021.e07309. 

[10] L. T. Nguyen et al., “How teachers manage their classroom in the digital learning environment – experiences from 
the University Smart Learning Project,” Heliyon, vol. 8, no. 10, Oct. 2022, doi: 10.1016/j.heliyon.2022.e10817. 

[11] A. L. Rossoni, E. P. G. de Vasconcellos, and R. L. de Castilho Rossoni, “Barriers and facilitators of university-industry 
collaboration for research, development and innovation: a systematic review,” Manag Rev Q, vol. 74, no. 3, pp. 
1841–1877, Sept. 2024, doi: 10.1007/s11301-023-00349-1. 

[12] M. M. Asad, A. Naz, P. Churi, and M. M. Tahanzadeh, “Virtual Reality as Pedagogical Tool to Enhance Experiential 
Learning: A Systematic Literature Review,” Education Research International, vol. 2021, no. 1, p. 7061623, 2021, 
doi: 10.1155/2021/7061623. 

[13] T. Evans, S. Pathak, H. Merzic, J. Schwarz, R. Tanno, and O. J. Hénaff, “Bad Students Make Great Teachers: Active 
Learning Accelerates Large-Scale Visual Understanding,” in Computer Vision – ECCV 2024, A. Leonardis, E. Ricci, S. 
Roth, O. Russakovsky, T. Sattler, and G. Varol, Eds., Cham: Springer Nature Switzerland, 2025, pp. 264–280. doi: 
10.1007/978-3-031-72643-9_16. 

[14] E. Justo, A. Delgado, C. Llorente-Cejudo, R. Aguilar, and J. Cabero-Almenara, “The effectiveness of physical and 
virtual manipulatives on learning and motivation in structural engineering,” Journal of Engineering Education, vol. 
111, no. 4, pp. 813–851, 2022, doi: 10.1002/jee.20482. 

[15] J. Poonyawatpornkul, S. Pitsamai, O. Methakesorn, and K. Mangmee, “Effectiveness of Online Experiments for 
Conceptual Understanding of Simple Pendulum by Physics Student-Teachers,” Journal of Learning for 
Development, vol. 12, no. 1, pp. 204–218, 2025. 

[16] Kriswantoro, B. Kartowagiran, and E. Rohaeti, “A Critical Thinking Assessment Model Integrated with Science 
Process Skills on Chemistry for Senior High School,” European Journal of Educational Research, vol. 10, no. 1, pp. 
285–298, 2021. 

[17] E. Ratinho and C. Martins, “The role of gamified learning strategies in student’s motivation in high school and 
higher education: A systematic review,” Heliyon, vol. 9, no. 8, Aug. 2023, doi: 10.1016/j.heliyon.2023.e19033. 

[18] K. Blind and A. Fenton, “Standard-relevant publications: evidence, processes and influencing factors,” 
Scientometrics, vol. 127, no. 1, pp. 577–602, Jan. 2022, doi: 10.1007/s11192-021-04210-8. 

[19] M. A. Paidican and P. A. Arredondo, “The Technological-Pedagogical Knowledge for In-Service Teachers in Primary 
Education: A Systematic Literature Review,” Contemporary Educational Technology, vol. 14, no. 3, 2022, Accessed: 
Dec. 02, 2025. [Online]. Available: https://eric.ed.gov/?id=EJ1351446 

[20] R. Chugh, D. Turnbull, M. A. Cowling, R. Vanderburg, and M. A. Vanderburg, “Implementing educational technology 
in Higher Education Institutions: A review of technologies, stakeholder perceptions, frameworks and metrics,” 
Educ Inf Technol, vol. 28, no. 12, pp. 16403–16429, Dec. 2023, doi: 10.1007/s10639-023-11846-x. 

[21] E. Navarrete, A. Nehring, S. Schanze, R. Ewerth, and A. Hoppe, “A Closer Look into Recent Video-based Learning 
Research: A Comprehensive Review of Video Characteristics, Tools, Technologies, and Learning Effectiveness,” Int 
J Artif Intell Educ, May 2025, doi: 10.1007/s40593-025-00481-x. 

[22] J. Han, G. Liu, X. Liu, Y. Yang, W. Quan, and Y. Chen, “Continue using or gathering dust? A mixed method research 
on the factors influencing the continuous use intention for an AI-powered adaptive learning system for rural 
middle school students,” Heliyon, vol. 10, no. 12, June 2024, doi: 10.1016/j.heliyon.2024.e33251. 

[23] A. Bhatia, P. Bhatia, and D. Sood, “Leveraging AI to Transform Online Higher Education: Focusing on Personalized 
Learning, Assessment, and Student Engagement,” Aug. 01, 2024, Social Science Research Network, Rochester, NY: 
4959186. doi: 10.2139/ssrn.4959186. 



 

Page 9 of 10 © D. Wardani et al. 

O
p

en
 A

cc
es

s 
 

[24] Z. Zen, Reflianto, Syamsuar, and F. Ariani, “Academic achievement: the effect of project-based online learning 
method and student engagement,” Heliyon, vol. 8, no. 11, Nov. 2022, doi: 10.1016/j.heliyon.2022.e11509. 

[25] A. Koomson, C. Y. Kwaah, and C. Adu-Yeboah, “Effect of Science Process Skills and Entry Grades on Academic 
Scores of Student Teachers,” Journal of Turkish Science Education, vol. 21, no. 1, pp. 118–133, 2024. 

[26] S. Q. Cornman, N. O’Reilly, O. Ampadu, M. Caskey, and P. Vidal, “The Feasibility of Collecting School Pension Data: 
An Evaluation of Data from the Pilot School Pension Survey (SPS) School Year 2016-17 (FY 17). Research and 
Development Report. NCES 2022-307,” National Center for Education Statistics, Feb. 2022. Accessed: Dec. 02, 
2025. [Online]. Available: https://eric.ed.gov/?id=ED617448 

[27] E. Chitra et al., “A 3-D interactive microbiology laboratory via virtual reality for enhancing practical skills,” Sci Rep, 
vol. 14, no. 1, p. 12809, June 2024, doi: 10.1038/s41598-024-63601-y. 

[28] A. Sakr and T. Abdullah, “Virtual, augmented reality and learning analytics impact on learners, and educators: A 
systematic review,” Educ Inf Technol, vol. 29, no. 15, pp. 19913–19962, Oct. 2024, doi: 10.1007/s10639-024-
12602-5. 

[29] E. Tait and C. M. Pierson, “Artificial Intelligence and Robots in Libraries: Opportunities in LIS Curriculum for 
Preparing the Librarians of Tomorrow,” Journal of the Australian Library and Information Association, vol. 71, no. 
3, pp. 256–274, July 2022, doi: 10.1080/24750158.2022.2081111. 

[30] J. A. López-Sánchez, J. C. Patiño-Vanegas, A. Valencia-Arias, and J. Valencia, “Use and adoption of ICTs oriented to 
university student learning: Systematic review using PRISMA methodology,” Cogent Education, vol. 10, no. 2, p. 
2288490, Dec. 2023, doi: 10.1080/2331186X.2023.2288490. 

[31] C. Jiao, K. Li, and Z. Fang, “How are exclusively data journals indexed in major scholarly databases? An examination 
of four databases,” Sci Data, vol. 10, no. 1, p. 737, Oct. 2023, doi: 10.1038/s41597-023-02625-x. 

[32] M. M. Ohashi, E. Togo, and Y. Iume, “Results of attending selective junior high schools on educational attainment 
and standard of living: a social survey in Japan,” Cogent Education, vol. 11, no. 1, p. 2298045, Dec. 2024, doi: 
10.1080/2331186X.2023.2298045. 

[33] J. Murphy, C. Mesquida, A. R. Caldwell, B. D. Earp, and J. P. Warne, “Proposal of a Selection Protocol for Replication 
of Studies in Sports and Exercise Science,” Sports Med, vol. 53, no. 1, pp. 281–291, Jan. 2023, doi: 10.1007/s40279-
022-01749-1. 

[34] J. Ditzen, Y. Karavias, and J. Westerlund, “Testing and estimating structural breaks in time series and panel data in 
Stata,” The Stata Journal, vol. 25, no. 3, pp. 526–560, Sept. 2025, doi: 10.1177/1536867X251365449. 

[35] S. Prihatiningtyas, N. Shofiyah, S. R. Yunus, I. B. Ma’arif, and I. A. Putra, “Enhancing science literacy through 
flipbook-based STEM Qur’an e-modules: a case study in Islamic boarding schools,” Humanit Soc Sci Commun, vol. 
12, no. 1, p. 841, June 2025, doi: 10.1057/s41599-025-05054-w. 

[36] N. K. Savita Radharani, Parno, P. Suwasono, and N. D. Nawi, “The Effect of STEAM-Integrated PBL-C Model with 
Formative Assessment on Increasing N-Gain of Students’ Scientific Literacy Skills on Statics Fluid Topic,” J. Phys.: 
Conf. Ser., vol. 3139, no. 1, p. 012099, Nov. 2025, doi: 10.1088/1742-6596/3139/1/012099. 

[37] H. Jiang, D. Zhu, R. Chugh, D. Turnbull, and W. Jin, “Virtual reality and augmented reality-supported K-12 STEM 
learning: trends, advantages and challenges,” Educ Inf Technol, vol. 30, no. 9, pp. 12827–12863, June 2025, doi: 
10.1007/s10639-024-13210-z. 

[38] P. D. Barua et al., “Artificial Intelligence Enabled Personalised Assistive Tools to Enhance Education of Children 
with Neurodevelopmental Disorders—A Review,” International Journal of Environmental Research and Public 
Health, vol. 19, no. 3, p. 1192, Jan. 2022, doi: 10.3390/ijerph19031192. 

[39] T. Jita and E. J. Sintema, “Pre-Service Teachers’ Self-Concept and Views toward Using ICT for Teaching Science,” 
EURASIA Journal of Mathematics, Science and Technology Education, vol. 18, no. 9, 2022, Accessed: Dec. 02, 2025. 
[Online]. Available: https://eric.ed.gov/?id=EJ1359182 

[40] V. V. Godase, A. Mulani, R. G. Ghodake, and S. R. Takale, “PLC-Assisted Smart Water Distribution with Rapid 
Leakage Detection and Isolation,” Aug. 25, 2025, Social Science Research Network, Rochester, NY: 5417135. doi: 
10.2139/ssrn.5417135. 

[41] X. Zhao, Y. Ren, and K. S. L. Cheah, “Leading Virtual Reality (VR) and Augmented Reality (AR) in Education: 
Bibliometric and Content Analysis From the Web of Science (2018–2022),” Sage Open, vol. 13, no. 3, p. 
21582440231190821, July 2023, doi: 10.1177/21582440231190821. 

[42] A. Létourneau, M. Deslandes Martineau, P. Charland, J. A. Karran, J. Boasen, and P. M. Léger, “A systematic review 
of AI-driven intelligent tutoring systems (ITS) in K-12 education,” npj Sci. Learn., vol. 10, no. 1, p. 29, May 2025, 
doi: 10.1038/s41539-025-00320-7. 

[43] R. L. Staberg, M. I. M. Febri, Ø. Gjøvik, S. A. Sikko, and B. Pepin, “Science teachers’ interactions with resources for 
formative assessment purposes,” Educ Asse Eval Acc, vol. 35, no. 1, pp. 5–35, Feb. 2023, doi: 10.1007/s11092-
022-09401-2. 

[44] J. Torous et al., “The growing field of digital psychiatry: current evidence and the future of apps, social media, 
chatbots, and virtual reality,” World Psychiatry, vol. 20, no. 3, pp. 318–335, 2021, doi: 10.1002/wps.20883. 



 

Page 10 of 10 © D. Wardani et al. 

O
p

en
 A

cc
es

s 
 

[45] E. Serrano-Ausejo and E. Mårell-Olsson, “Opportunities and challenges of using immersive technologies to support 
students’ spatial ability and 21st-century skills in K-12 education,” Educ Inf Technol, vol. 29, no. 5, pp. 5571–5597, 
Apr. 2024, doi: 10.1007/s10639-023-11981-5. 

[46] H.-Y. Chang, Y.-J. Chang, and M.-J. Tsai, “Strategies and difficulties during students’ construction of data 
visualizations,” IJ STEM Ed, vol. 11, no. 1, p. 11, Feb. 2024, doi: 10.1186/s40594-024-00463-w. 

[47] F. Almasri, “Exploring the Impact of Artificial Intelligence in Teaching and Learning of Science: A Systematic Review 
of Empirical Research,” Res Sci Educ, vol. 54, no. 5, pp. 977–997, Oct. 2024, doi: 10.1007/s11165-024-10176-3. 

[48] D. Checa, I. Miguel-Alonso, and A. Bustillo, “Immersive virtual-reality computer-assembly serious game to enhance 
autonomous learning,” Virtual Reality, vol. 27, no. 4, pp. 3301–3318, Dec. 2023, doi: 10.1007/s10055-021-00607-
1. 

[49] M. J. Jardinez and L. R. Natividad, “The Advantages and Challenges of Inclusive Education: Striving for Equity in the 
Classroom,” Shanlax International Journal of Education, vol. 12, no. 2, pp. 57–65, Mar. 2024. 

[50] H. Lin and Q. Chen, “Artificial intelligence (AI) -integrated educational applications and college students’ creativity 
and academic emotions: students and teachers’ perceptions and attitudes,” BMC Psychol, vol. 12, no. 1, p. 487, 
Sept. 2024, doi: 10.1186/s40359-024-01979-0. 

Publisher’s Note – Future Tecno-Science Publisher stays neutral with regard to jurisdictional claims in published maps 
and institutional affiliations. 


