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Abstract
This study aims to analyze the effectiveness of blended learning based on artificial intelligence (AI) on
students' science literacy. This type of research is called meta-analysis research. The data sources in the study
came from 14 national and international journals published from 2018 to 2023. Data sources were searched
through Google Scholar, ScienceDirect, Wiley, Eric, and ProQuest. Data source selection was carried out
using the PRISMA method. Data sources have a relationship with the effectiveness of AI-based blended
learning on students' science literacy. The data collection technique was direct observation through an online
database. Data analysis used quantitative analysis with the help of the OpenMEE application. The results of
this study showed that the AI-based blended learning model had a significant effect on students' science
literacy. The effect size value is 0.93 with high criteria. This finding helps potential students improve their
science literacy.
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INTRODUCTION
Science literacy is a student's knowledge in identifying a problem to gain new knowledge related to

science (Adiwiguna et al., 2019; Mariyam Shareefa, 2020; Ichsan et al., 2022; Legvart et al., 2021). Science
literacy is very important for students to solve problems in learning (Gao et al., 2022; Norton-Meier et al.,
2013). Students who have science literacy skills will be able to apply the knowledge they have in life. (Aiman
& Ahmad, 2020;Alatas & Fauziah, 2020; Suharyat et al., 2023; Cesljarev & Akerson, 2022). Science literacy
is key in education since students are 15 years old in implementing science learning. (Afriana et al., 2016;
Sutiani et al., 2021; Irby et al., 2021). In addition, students who have science literacy are able to encourage
critical thinking skills, creative, innovative, and scientifically empowered (Anggreni et al., 2020; Rahman et
al., 2023; Suhaimi et al., 2022; Zulkifli et al., 2022).

Based on the results of PISA-OECD, the level of science literacy of Indonesian students is still
relatively low (Supriyadi et al., 2023; Elfira & Santosa, 2023; Ichsan et al., 2023; Razak  et al., 2021).
According to the results of PISA in 2018, Indonesian students' literacy has a score of 396, ranked 73 out of
79 participating countries (Aiman & Ahmad, 2020). According to (Lendeon & Poluakan, 2022) students have
not been able to relate the science concepts learned to the real environment. In addition, students' interest in
learning science is still low (Jufrida et al., 2019; Dewi et al., 2021), causing students to be less interested in
learning (Razak et al., 2022). Furthermore, the low level of science literacy of Indonesian students is
influenced by the learning model, media, resources and teaching materials used by teachers in schools (Aulia
et al., 2021). One solution is to improve the learning model used by teachers.

Blended Learning is a learning model that can improve students' science literacy in learning (Rahmi
et al., 2022; Suparno et al., 2022). Blended learning is a learning model that can be done online and offline.
(Damanik, 2020; Choi & Park, 2022; Chuane et al., 2022). Selanjutnya, menurut (Bozkurt, 2022) Blended
learning is a learning model that can be done face to face and through the internet through a particular
platform. Blended learning model can improve student learning outcomes (Santosa et al., 2021), So that
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students are more active in learning. Blended learning model can improve students' problem solving ability
and concept understanding (Sudiarta & Sadra, 2016). (Nugraha et al., 2019). The blended learning model
based on Artificial intelligence (AI) is a new model that can improve student literacy in Indonesia.

Artificial Intelligence (AI) helps make student learning more effective and engaging ( Viktorivna et
al., 2022). Artificial Intelligence helps students more easily explain the subject matter (Pakpahan, 2021)
Artificial Intelligence helps students in overcoming students' science learning problems so as to make
students more creative and innovative. Artificial Intelligence encourages students to improve their 21st
century skills (Westman et al., 2021; Cope et al., 2021).

Previous research by (Sari & Wibowo, 2021) The blended learning model has a positive effect on
student achievement and motivation. Research by (Rahmi et al., 2022) blended learning model influences
students' and teachers' digital literacy (Soutthaboualy et al., 2021) blended learning model is effectively
applied in the learning process in supporting students' cognitive enhancement. Research by (Bayyat et al.,
2021) blended learning model can improve students' digital literacy (Prince et al., 2020) stated that the
blended learning model influences students' thinking skills in learning. Research by (Seage & Türegün,
2020). The blended learning model has a positive influence on students' science, technology and mathematics
levels. Based on the above problems, this study aims to analyze the effectiveness of blended learning based
on Artificial Intelligence (AI) on students' science literacy.

METHODS
This research is a type of meta-analysis research. Meta-analysis is a type of research that analyzes

studies that can be statistically analyzed (Supriyadi et al., 2023; Apra et al., 2021; Santosa & Sepriyani, et
al., 2021; Suharyat et al., 2022; Setiawan et al., 2022; Ichsan et al, 2022). The study was used to determine
the effect of AI-based blended learning model on students' science literacy. Meta-analysis research provides
a general evaluation through quantitative data analysis (Martin et al., 2022; Agussuryani et al., 2022). The
steps to conduct a meta-analysis are 1) determining the inclusion criteria to be analyzed; 2) Determine the
procedure for collecting empirical data and coding the variables to be studied and; 3) perform statistical
techniques to analyze the data.
Eligibility Criteria

All articles used as data sources in this study in the search process have been examined and assessed
for meta-analysis using eligibility criteria, namely 1) national and international journals published from 2018-
2023; 2) published articles come from journals and proceedings indexed by Scopus, SINTA, DOAJ and Web
of Science (WOS); 3) research journals have experimental classes that use blended learning models and
others use control classes and 4) all data studied attach data that can perform effect size transformations.

From the results of searching data sources, 14 national and international journals were obtained that
met the above standards with a publication range of 2018-2023.
Data Collection

The empirical data in this research comes from journals or studies on the effect of blended learning
model based on Artificial Intelligence (AI) on students' science literacy skills. The data used in this study
came from the identification of each study from the google scholar database, ScienceDirect, Eric, Sage and
Taylor of Francis. The keywords used in this study are the impact of blended learning model, blended
learning, AI-based learning, students' science literacy and the effect of blended learning on students' science
literacy.
Statistical Analysis

For data analysis in this meta-analysis research is the effect size (Li et al., 2022). The effect size in
this study is an index that describes the effect of blended learning model based on Artificial Intelligence (AI)
on students' science literacy skills. The method to calculate the effect size value follows Borenstein in (Funa
& Prudente, 2021) The data were analyzed using the following methods: 1) calculating the effect size of each
study; 2) conducting a heterogeneity test; 3) determining publication bias; 4) calculating the p-value to test
the research hypothesis. In this study, data analysis used OpenMEE. The effect size criteria can be seen
(Table.1).
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Table 1. Effect Size Value Criteria

Effect Size Criteria
ES ≤ 1.5

1.5 ≤ ES ≤ 0.40
0.40 ≤ ES ≤ 0.75
0.75 ≤ ES ≤ 1.10
1.10 ≤ ES ≤ 1.45

1.45 ≥ ES

Ignored
Small

Moderate
Hight

Veri Hight
High influence

Sumber : (Sofianora et al., 2023; Alqahtani, 2019;Suharyat et al., 2022;Karim  et al., 2022)

RESULTS AND DISCUSSION
From the analysis, there are 14 national and international journals related to the effect of blended

learning model based on Artificial Intelligence (AI) on students' science literacy, the effect size and standard
error of each study can be seen (Table.2).

Table 2. Effect Size and Standard Error of Each Study
No Author Year Effect size Standard Error Criteria
1 Kade et al 2019 0.92 0.61 Hight
2 Aritonang & Safitri, 2021 0.63 0.45 Moderate
3 Zulfa et al., 2022 1.10 0.31 Very Hight
4 Pratama & Zilhakim, 2022 0.98 0.29 Hight
5 Masitoh, 2018 0.55 0.20 Moderate
6 Nisrina et al., 2020 0.60 0.27 Moderate
7 Rohmawati et al., 2021 2.72 0.67 High

influence
8 Rahmi et al., 2022 0.52 0.18 Moderate
9 Chuane et al., 2022 1.50 0.35 Very hight
10 Katasila & Poonpon, 2022 0.70 0.21 Moderate
11 Li et al., 2022 0.37 0.10 Small
12 Seage & Türegün, 2020 1.15 0.40 Very Hight
13 Wirdayani et al., 2023 0.85 0.20 Hight
14 (Amelia et al., 2022) 2022 0.45 0.28 Moderate
Average effect size value 0.93 Tinggi

Based on Table 2. Explains the average effect size value of 0.93 with high criteria. It can be concluded
that each study in the research has an influence. Furthermore, the model used in this meta-analysis research
can be seen in Table 3.

Table 3. Fix and Random effect
Q DF P

Omnibus test of Coefficients Mode 34.780 < 0.001
Test of Residual Heterogeneity 178.201 14 < 0.001

Based on Table 3. The Q value of 178.201 is greater than the 95% degree of freedom in the distribution
table p-value <0.001. So, it can be concluded that the effect size distribution of the analyzed journals is
heterogeneous. Therefore, the random effect model is more suitable for estimating the average effect size of
the 14 studies analyzed.

Next, the issue of publication bias effect will be evaluated against the 14 analyzed studies. To assess
the possibility of publication bias problem, we can be analyzed by calculating the Rosenthal fail-safe N (FSN)
value. The results of the Rosenthal fail-safe N (FSN) test can be seen (Table 4.).

Table 4. Fail-Safe N
File Drawer Analysis

Fail-safe N Target Significance Observed Significance
Rosenthal 5043.000 0.50 <0.001
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Based on Table 4. Shows the value of K = 14 then 5K + 10 = 5 (14) + 10 = 80. The value of the N-

phase file obtained is 5043 with a sig value. 0.05 and p-value <0.001. Because the safe N file value > (5K +
10), it can be concluded that the meta-analysis study conducted does not have a publication bias problem and
can be scientifically justified. Furthermore, Table 5. Shows the average effect size of the 14 studies analyzed.

Table. 5 Summary/Mean Effect Size
Coeficients

Effect size Standar Error z P 95% Confidence Interval
Lower Upper

Intercept 0.93 0.25 6.210 < 0.001 1.002 1.270

Based on Table 5. Shows that using a random effect model with a 95% confidence level has a lower
limit of 1.002 and an upper limit of 1.270. With an average effect size of 0.93 and a standard error of 0.25
with high criteria. The Z test results show a value of 6,210 with a p-value <0.001. So, it can be concluded
that the AI-based blended learning model has a significant effect on students' science literacy.
Discussion

The application of blended learning model based on Artificial Intelligence (AI) to students' science
literacy has a positive influence on students' science literacy with an effect size value (ES = 0.93) with high
criteria. This is in line with (Alajmi, 2021) stated that AI-based blended learning model affects science
literacy and students' understanding in learning. (Mursid et al., 2022) blended learning model based on
Artificial Intelligence (AI) can improve students' creative thinking ability and learning outcomes. The
application of AI-based blended learning model is very necessary to be developed in student learning
activities in Indonesia. AI-based blended learning model can be conducted face-to-face with students and
indirectly through certain learning platforms (Shareefa, 2020; Uygur, 2022). Furthermore, the AI-based
blended learning model becomes the teacher's solution in improving the students' literacy level in school
(Bayyat et al., 2021; Soutthaboualy et al., 2021; Çiftçi, 2020).

Furthermore, the blended learning model based on Artificial Intelligence (AI) from various studies
analyzed has a positive impact on students' knowledge development. Knowledge is information obtained by
students from various sources (Ferry et al., 2020); Fradila et al., 2021; Santosa , et al., 2021). Students'
knowledge in student literacy is very important to achieve learning goals. Thus, the Artificial Intelligence
(AI)-based blended learning model provides benefits for students and teachers in promoting educational
progress (Triawang & Kurniawan, 2021; Sumarmi et al., 2021). According to (Damanik, 2020) Blended
learning model is the latest innovation in education.

The blended learning model provides many benefits in helping students' teaching and learning
activities at school. This is in line with (Prastyo et al., 2020) The blended learning model is able to increase
students' learning motivation. In addition, the blended learning model based on Artificial Intelligence (AI)
improves students' digital literacy skills and 21st century thinking skills. AI-based blended learning model
helps students to understand science literacy in all fields more easily.( ini et al., 2022; Tabieh & Hamzeh,
2022; Yang et al., 2022). AI-based blended learning improves students' critical thinking skills in learning
(Harahap et al., 2019).

Furthermore, science literacy is an important thing in facing the industrial revolution 4.0. Students
who have a high level of literacy will have younger adaptability.(Zulkifli et al., 2022; Santosa & Yulianti,
2020; Ichsan et al.,, 2023). Therefore, the blended learning model is a solution in helping teachers to develop
more science literacy with other countries. The Covid pandemic era - 19 AI-based blended learning model is
a very effective and efficient learning model in helping the learning process of students and teachers (Savitri
et al., 2022;Ayasrah et al., 2022; Zulyusri el at., 2020). In developing the AI-based blended learning model,
teachers must be able to apply science in everyday life. (Pinphet & Wasanasomsithi, 2022; Santosa &
epriyani, et al., 2021). Models can be developed with various Artificial Intelligence (AI)-based technologies,
saving teachers time and space to learn.

CONCLUSION
From this study, it can be concluded that the AI-based blended learning model has a significant effect

on students' science literacy. The Effect Size value is 0.93 with high criteria. This finding helps potential
students in improving their science literacy in learning. The AI-based blended learning model is very
effective in helping students and teachers in learning activities. Furthermore, this model really needs to be
developed in schools.



145
REFERENCE
Abdul Razak , Tomi Apra Santosa, Lufri , Z. (2021). Meta-Analysis: The Effect of HOTS (Higher Order

Thinking Skill) Questions on Students’ Science Literacy Skills and Lesson Study on Ecology and
Environmental Materials During the Covid-19 Pandemic Abdul. Bioedusiana: Jurnal Pendidikan
Biologi, 6(1), 79–87.

Abdul Razak, Tomi Apra Santosa, Lufri Lufri, & Irdawati Irdawati. (2022). The Influence of the Science
Technology Engineering and Mathematics Approach with Mind Maps on the Higher Order Thinking
Skills (HOTS) of Students in Biology Learning Class X SMA N 4 Kerinci. International Journal of
Education and Literature, 1(2), 77–82. https://doi.org/10.55606/ijel.v1i2.34

Adiwiguna, P. S., Dantes, N., & Gunamantha, I. M. (2019). Pengaruh Model Problem Based Learning (Pbl)
Berorientasi Stem terhadap Kemampuan Berpikir Kritis dan Literasi Sains Siswa Kelas V Sd di Gugus
I Gusti Ketut Pudja. Jurnal Pendidikan Dasar Indonesia, 3(2), 94–103.

Afriana, J., Permanasari, A., & Fitriani, A. (2016). Penerapan project based learning terintegrasi STEM untuk
meningkatkan literasi sains siswa ditinjau dari gender. Jurnal Inovasi Pendidikan IPA, 2(2), 202.
https://doi.org/10.21831/jipi.v2i2.8561

Agussuryani, Q., Sudarmin, S., Sumarni, W., Cahyono, E., & Ellianawati, E. (2022). STEM literacy in
growing vocational school student HOTS in science learning: A meta-analysis. International Journal
of Evaluation and Research in Education, 11(1), 51–60. https://doi.org/10.11591/ijere.v11i1.21647

Aiman, U., & Amelia Ramadhaniyah Ahmad, R. (2020). Model Pembelajaran Berbasis Masalah (Pbl)
Terhadap Literasi Sains Siswa Kelas V Sekolah Dasar. Jurnal Pendidikan Dasar Flobamorata, 1(1),
1–5. https://doi.org/10.51494/jpdf.v1i1.195

Alajmi, M. M. (2021). The Effect of Blended Learning on the Degree of Students’ Acquisition of Geography
Skills for the Eleventh Level at the Secondary Stage in Kuwait. Journal of Social Studies Education
Research, 12(4), 93–120.

Alatas, F., & Fauziah, L. (2020). Model problem based learning untuk meningkatkan kemampuan literasi
sains pada konsep pemanasan global. JIPVA (Jurnal Pendidikan IPA Veteran), 4(2), 102.
https://doi.org/10.31331/jipva.v4i2.862

Alqahtani, A. (2019). Journal of Technology and Science Education. Journal of Technology and Science
Education, 9(3), 326–339.

Amelia, I., Syamsuri, S., Santosa, C. A. H. F., & Fatah, A. (2022). Meta Analisis: Pengaruh Model
Pembelajaran Terhadap Kemampuan Literasi Matematis Siswa. Jurnal Cendekia : Jurnal Pendidikan
Matematika, 6(2), 1720–1730. https://doi.org/10.31004/cendekia.v6i2.1410

Anggreni, L. D., Jampel, I. N., & Diputra, K. . (2020). Pengaruh Model Project Based Learning Berbantuan
Penilaian Portofolio Terhadap Literasi Sains. Mimbar Ilmu, 25(1), 41.
https://doi.org/10.23887/mi.v25i1.24475

Apra, T., 1, S., Razak, A., Arsih, F., Sepriyani, E. M., & Hernaya, N. (2021). Meta-Analysis: Science
Learning Based on Local Wisdom Against Preserving School Environments During the Covid-19
Pandemic. Journal of Biology Education, 10(2), 244–251. http://journal.unnes.ac.id/sju/index.php/ujbe

Aritonang, I., & Safitri, I. (2021). Pengaruh Blended Learning Terhadap Peningkatan Literasi Matematika
Siswa. Jurnal Cendekia : Jurnal Pendidikan Matematika, 5(1), 735–743.
https://doi.org/10.31004/cendekia.v5i1.555

Aulia, D. M., Parno, & Kusairi, S. (2021). Pengaruh E-module Berbasis TPACK-STEM terhadap Literasi
Sains Alat Optik dengan Model PBL-STEM Disertai Asesmen Formatif. Jurnal Riset Pendidikan
Fisika, 6(1), 7–12. http://journal2.um.ac.id/index.php/jrpf/

Ayasrah, S., Alnasraween, M. S., Alshorman, A., & Aljarrah, A. (2022). Attitudes of Teachers and
Outstanding Students towards Blended Learning in Light of the Covid-19 Pandemic in Jordan. Pegem
Egitim ve Ogretim Dergisi, 12(1), 249–255. https://doi.org/10.47750/pegegog.12.01.26



146
Bayyat, M., Muaili, Z. A., & Aldabbas, L. (2021). Online component challenges of a blended learning

experience: A comprehensive approach. Turkish Online Journal of Distance Education, 22(4), 277–
294. https://doi.org/10.17718/tojde.1002881

Bozkurt, A. (2022). A Retro Perspective on Blended/Hybrid Learning: Systematic Review, Mapping and
Visualization of the Scholarly Landscape. Journal of Interactive Media in Education, 2022(1), 1–15.
https://doi.org/10.5334/jime.751

Cesljarev, C., & Akerson, V. (2022). Integrated Assessments of K-12 Students’ Science and Literacy
Knowledge. International Journal of Research in Education and Science, 8(3), 471–485.
https://doi.org/10.46328/ijres.2718

Choi, Y., & Park, N. (2022). The Improvement of Attitudes toward Convergence of Preservice Teachers:
Blended Learning versus Online Learning in Science Teaching Method Courses. Journal of
Curriculum and Teaching, 11(5), 87–94. https://doi.org/10.5430/jct.v11n5p87

Chuane, Q., Shukor, S. S., Singh, C. K. S., Guilin, W., Xiaofen, Z., & Yuehong, T. (2022). A Systematic
Review on the Effectiveness of Blended Learning on Learners’ EFL Vocabulary Performance. Pegem
Egitim ve Ogretim Dergisi, 12(4), 204–219. https://doi.org/10.47750/pegegog.12.04.21

Çiftçi, B. (2020). The Effect of Blended Learning on Academic Achievement and Attitudes at Social Studies
Courses. Open Journal for Educational Research, 4(2), 143–150.
https://doi.org/10.32591/coas.ojer.0402.05143c

Cope, B., Kalantzis, M., & Searsmith, D. (2021). Artificial intelligence for education: Knowledge and its
assessment in AI-enabled learning ecologies. Educational Philosophy and Theory, 53(12), 1229–1245.
https://doi.org/10.1080/00131857.2020.1728732

Damanik, E. L. (2020). Blended Learning: An Innovative Approach on Social Sciences at Indonesian Higher
Education. Education Quarterly Reviews, 3(1), 52–65. https://doi.org/10.31014/aior.1993.03.01.117

Dewi, C. A., Erna, M., Martini, Haris, I., & Kundera, I. N. (2021). Effect of Contextual Collaborative
Learning Based Ethnoscience to Increase Student’s Scientific Literacy Ability. Journal of Turkish
Science Education, 18(3), 525–541. https://doi.org/10.36681/tused.2021.88

Elfira, I., & Santosa, T. A. (2023). Literature Study : Utilization of the PjBL Model in Science Education to
Improve Creativity and Critical Thinking Skills. Jurnal Penelitian Pendidikan IPA, 9(1), 133–143.
https://doi.org/10.29303/jppipa.v9i1.2555

Ferry, D., Santosa, T., & Kamil, D. (2020). Pengetahuan Mahasiswa Institut Agama Islam Negeri Kerinci
Tentang Teori Asal Usul Manusia. BIOEDUCA : Journal of Biology Education, 1(1), 11.
https://doi.org/10.21580/bioeduca.v1i1.4945

Fradila, E., Razak, A., Santosa, T. A., Arsih, F., & Chatri, M. (2021). Development Of E-Module-Based
Problem Based Learning (PBL) Applications Using Sigil The Course Ecology And Environmental
Education Students Master Of Biology. International Journal of Progressive Sciences and
Technologies (IJPSAT, 27(2), 673–682. http://ijpsat.ijsht-journals.org

Funa, A. A., & Prudente, M. S. (2021). Effectiveness of problem-based learning on secondary students’
achievement in science: A meta-analysis. International Journal of Instruction, 14(4), 69–84.
https://doi.org/10.29333/iji.2021.1445a

Gao, S., Hall, J. L., Zygouris-Coe, V., & Grysko, R. A. (2022). Understanding the Role of Science-Specific
Literacy Strategies in Supporting Science Teaching and Student Learning: A Case Study of Preservice
Elementary Teachers in a Science Methods Course that Integrated a Disciplinary Literacy Framework.
Electronic Journal for Research in Science & Mathematics Education, 26(1), 33–55.
http://proxy.libraries.smu.edu/login?url=https://search.ebscohost.com/login.aspx?direct=true&db=eue
&AN=158222443&site=ehost-live&scope=site

Harahap, F., Nasution, N. E. A., & Manurung, B. (2019). The effect of blended learning on student’s learning
achievement and science process skills in plant tissue culture course. International Journal of
Instruction, 12(1), 521–538. https://doi.org/10.29333/iji.2019.12134a



147
Ichsan, Suhaimi, Amalia, K. N., Santosa, T. A., & Yulianti, S. (2022). Pengaruh Model Pembelajaran

Problem Based Learning Berbaisis TPACK Terhadap Ketrampilan Literasi Sains Dalam Pembelajaran
IPA Siswa Tingkat SD Sampai SMA: Sebuah Meta-Analisis. Jurnal Pendidikan Dan Konseling, 4(5),
2173–2181.

Ichsan, Tomi Apra Santosa, Ilwandri, Aulia Sofianora, U. Y. (2022). Efektivitas Evaluasi Model CIPP Dalam
Pembelajaran IPA di Indonesia : Meta- Analisis. Jurnal Pendidikan Dan Konseling, 5(2), 1349–1358.

Ichsan, Yayat Suharyat, Tomi Apra Santosa, E. (2023). The Effectiveness of STEM-Based Learning in
Teaching 21 st Century Skills in Generation Z Student in Science Learning : A. Jurnal Penelitian
Pendidikan IPA, 9(1), 150–166. https://doi.org/10.29303/jppipa.v9i1.2517

Irby, B. J., Tong, F., Lara-Alecio, R., Tang, S., Guerrero, C., Wang, Z., & Zhen, F. (2021). Investigating the
Impact of A Literacy-infused Science Intervention on Economically Challenged Students’ Science
Achievement: A Case Study from A Rural District in Texas. Science Insights Education Frontiers,
9(1), 1123–1141. https://doi.org/10.15354/sief.21.or033

Jendela Pendidikan ; Pratama, J., & Zilhakim, M. A. (2022). Pengaruh Model Pembelajaran Problem Based
Learning Berbasis Blended Learning Terhadap Literasi Sains Siswa di MTsN 1 Bengkulu Selatan.
Jurnal Jendela Pendidikan, 02(01), 54–60.

Jufrida, J., Basuki, F. R., Kurniawan, W., Pangestu, M. D., & Fitaloka, O. (2019). Scientific literacy and
science learning achievement at junior high school. International Journal of Evaluation and Research
in Education, 8(4), 630–636. https://doi.org/10.11591/ijere.v8i4.20312

Kade, A., Syamsu, & Syukur, M. S. (2019). Pengaruh model blended learning terhadap literasi sains dan
hasil belajar. Jurnal Pendidikan Fisika Tadulako Online (JPFT), 7(3), 51–55.
http://jurnal.untad.ac.id/jurnal/index.php/EPFT/article/view/14586/10915

Katasila, P., & Poonpon, K. (2022). The Effects of Blended Learning Instruction on Vocabulary Knowledge
of Thai Primary School Students. English Language Teaching, 15(5), 52.
https://doi.org/10.5539/elt.v15n5p52

Legvart, P., Kordigel Aberšek, M., & Kerneža, M. (2021). Primary School Students’ Natural Science Digital
Literacy Competence in Digital Learning Environments. Proceedings of the 4th International Baltic
Symposium on Science and Technology Education, BalticSTE2021, 105–114.
https://doi.org/10.33225/balticste/2021.105

Lendeon, G. R., & Poluakan, C. (2022). Pengaruh Model Problem Based Learning (PBL) Terhadap
Kemampuan Literasi Sains Siswa. SCIENING : Science Learning Journal, 3(1), 14–21.
https://doi.org/10.53682/slj.v3i1.1076

Lesia Viktorivna, K., Andrii Oleksandrovych, V., Iryna Oleksandrivna, K., & Nadia Oleksandrivna, K.
(2022). Artificial Intelligence in Language Learning: What Are We Afraid of. Arab World English
Journal, 8, 262–273. https://doi.org/10.24093/awej/call8.18

Li, B., Yu, Q., & Yang, F. (2022). The Effect of Blended Instruction on Student Performance: A Meta-
Analysis of 106 Empirical Studies from China and Abroad. Best Evidence in Chinese Education, 10(2),
1395–1403. https://doi.org/10.15354/bece.22.ar018

M. Karim , Syafrul Antoni2, Karlini Oktarina3, T. A. S. (2022). The Effect of Teacher Professionalism in
Islamic Religious Education in the Era of Society 5.0 in Indonesia: A Meta-Analysis. Jurnla
Pendidikan Dan Konseling, 5(2), 1349–1358.

Mariyam Shareefa, & V. M. (2020). European Journal of Educational Research. European Journal of
Educational Research, 9(1), 331–349.

Martin, F., Wu, T., Wan, L., & Xie, K. (2022). A Meta-Analysis on the Community of Inquiry Presences and
Learning Outcomes in Online and Blended Learning Environments. Online Learning Journal, 26(1),
325–359. https://doi.org/10.24059/olj.v26i1.2604



148
Masitoh, S. (2018). Blended Learning Berwawasan Literasi Digital Suatu Upaya Meningkatkan Kualitas

Pembelajaran dan Membangun Generasi Emas 2045. Proceedings of The ICECRS, 1(3), 13–34.
https://doi.org/10.21070/picecrs.v1i3.1377

Mursid, R., Saragih, A. H., & Hartono, R. (2022). The Effect of the Blended Project-based Learning Model
and Creative Thinking Ability on Engineering Students’ Learning Outcomes. International Journal of
Education in Mathematics, Science and Technology, 10(1), 218–235.
https://doi.org/10.46328/ijemst.2244

Nisrina, N., Jufri, A. W., & Gunawan, G. (2020). Pengembangan LKPD Berbasis Blended Learning untuk
Meningkatkan Literasi Sains Peserta Didik. Jurnal Pijar Mipa, 15(3), 192–199.
https://doi.org/10.29303/jpm.v15i3.1880

Norton-Meier, L. A., Hand, B., & Ardasheva, Y. (2013). Examining Teacher Actions Supportive of Cross-
Disciplinary Science and Literacy Development among Elementary Students. International Journal of
Education in Mathematics, 1(1), 43–55.

Nugraha, D. G. A. P., Astawa, I. W. P., & Ardana, I. M. (2019). Pengaruh model pembelajaran blended
learning terhadap pemahaman konsep dan kelancaran prosedur matematis. Jurnal Riset Pendidikan
Matematika, 6(1), 75–86. https://doi.org/10.21831/jrpm.v6i1.20074

Pakpahan, R. (2021). Analisa Pengaruh Implementasi Artificial. Journal of Information System, Informatics
and Computing, 5(2), 506–513. https://doi.org/10.52362/jisicom.v5i2.616

Pinphet, P., & Wasanasomsithi, P. (2022). The Effects of Project-Based Blended Learning with
Communication Strategy Instruction on English Oral Communication Ability of Undergraduate
Engineering Students. rEFLections, 29(1), 207–231.

Prastyo, G. M., Kurniawan, F., & Resita, C. (2020). Pengaruh Model Pembelajaran Blended Learning Dalam
Kebugaran Jasmani Terhadap Motivasi Belajar Siswa Kelas 12 Sekolah Ma Nurul Huda. Jurnal
Literasi Olahraga, 1(1), 60–65. https://doi.org/10.35706/jlo.v1i1.3979

Prince, D. E., Dewodo, C., & Atiglah, P. B. (2020). ICT skills, and benefits of teaching and learning animal
science with blended learning at colleges of education in Ghana. Journal of Education and Learning
(EduLearn), 14(2), 289–300. https://doi.org/10.11591/edulearn.v14i2.14921

Rahman, A., Santosa, T. A., Sofianora, A., Oktavianti, F., & Alawiyah, R. (2023). Systematic Literature
Review : TPACK-Integrated Design Thinking in Education. International Journal of Education and
Literature (IJEL), 2(1), 65–77.

Rahmi, U., Azrul, A., & Mahande, R. D. (2022). the Prototype of Blended Learning’S Support System To
Improve the Pre-Service Teacher’S Digital Literacy. Journal of Educators Online, 19(3).
https://doi.org/10.9743/JEO.2022.19.3.5

Rini, R., Mujiyati, Sukamto, I., & Hariri, H. (2022). The Effect of Self-Directed Learning on Students’ Digital
Literacy Levels in Online Learning. International Journal of Instruction, 15(3), 329–344.
https://doi.org/10.29333/iji.2022.15318a

Rohmawati, A., Holisin, I., & Kristanti, F. (2021). Model Pembelajaran Blended Learning: Kajian Meta-
Analisis. JPMI: Jurnal Pembelajaran Matematika Inovatif, 4(6), 1453–1464.
https://doi.org/10.22460/jpmi.v4i6.1453-1464

Santosa, T. A., Razak, A., Anhar, A., & Sumarmin, R. (2021). The Effectiveness of the Blended Learning
Model on Student Learning Outcomes in Zoology Subjects in the Covid-19 Era. Pendidikan Biologi,
7(1), 77–83.

Santosa, T. A., Razak, A., Lufri, L., Zulyusri, Z., Fradila, E., & Arsih, F. (2021). Meta-Analisis: Pengaruh
Bahan Ajar Berbasis Pendekatan STEM Pada Pembelajaran Ekologi. Journal of Digital Learning and
Education, 1(01), 1–9. https://doi.org/10.52562/jdle.v1i01.24

Santosa, T. A., Sepriyani, E. M., Lufri, L., & Zulyusri, Z. (2021). Meta-Analysis: Penggunaan Modul
Berbasis Hots Pada Materi Ekologi Dan Lingkungan Di Sma. Jurnal Eduscience, 8(1), 53–56.
https://doi.org/10.36987/jes.v8i1.1976



149
SANTOSA, T. A., & YULIANTI, S. (2020). Pengaruh Pemberian Kuis Terhadap Peningkatan Motivasi

Belajar Biologi Siswa Di Sma Negeri 7 Kerinci. Edusaintek : Jurnal Pendidikan, Sains Dan Teknologi ,
7(2), 1–18. https://doi.org/10.47668/edusaintek.v7i2.58

Sari, V. K., & Wibowo, A. (2021). Hubungan Kecerdasan Intrapersonal dengan Minat Belajar Matematika
Kelas V Madrasah Ibtidaiyah di Karanganyar. JENIUS (Journal of Education Policy and Elementary
Education Issues), 2(1), 1–9. https://doi.org/10.22515/jenius.v2i1.3647

Savitri, A. R. E., Rahman, A., & Hermawan, Y. (2022). Pengaruh Kecemasan dan Motivasi Belajar dalam
Pembelejaran Daring di Masa Pandemi Covid-19 Terhadap Hasil Belajar Sosiologi Siswa Kelas XII
SMA Batik 1 Surakarta. JISIP (Jurnal Ilmu Sosial Dan Pendidikan), 6(1), 2148–2155.
https://doi.org/10.36312/jisip.v6i1.2569

Seage, S. J., & Türegün, M. (2020). The effects of blended learning on STEM achievement of elementary
school students. International Journal of Research in Education and Science, 6(1), 133–140.
https://doi.org/10.46328/ijres.v6i1.728

Setiawan, A. A., Muhtadi, A., & Hukom, J. (2022). Blended Learning and Student Mathematics Ability in
Indonesia: A Meta-Analysis Study. International Journal of Instruction, 15(2), 905–916.
https://doi.org/10.29333/iji.2022.15249a

Sofianora, A., Suharyat, Y., & Santosa, T. A. (2023). PENGARUH PROFESIONALITAS GURU
MATEMATIKA DALAM MENINGKATKAN KOMPETENSI SISWA ERA REVOLUSI
INDUSTRI 5 . 0 DI INDONESIA : SEBUAH META-ANALISIS. Jurnal MATH-UMB.EDU, 10(2),
49–58.

Soutthaboualy, T., Chatwattana, P., & Piriyasurawong, P. (2021). The Blended Instruction on Cloud via an
Interactive Augmented Reality Technology Model to Enhance Digital Literacy. Higher Education
Studies, 11(3), 144. https://doi.org/10.5539/hes.v11n3p144

Sudiarta, I. G. P., & Sadra, I. W. (2016). Pengaruh Model Blended Learning Berbantuan Video Animasi
Terhadap Kemampuan Pemecahan Masalah Dan Pemahaman Konsep Siswa. Jurnal Pendidikan Dan
Pengajaran, 49(2), 48. https://doi.org/10.23887/jppundiksha.v49i2.9009

Suhaimi, Santosa, T. A., & Aprilisia, S. (2022). Analisis Pendekatan Saintifik Dalam Pembelajaran IPA
Selama Pandemi Covid-19 di Sekolah Dasar. Jurnal Didika: Wahana Ilmiah Pendidikan Dasar, 8(1),
92–101.

Suharyat, Y., Santosa, T. A., & Satria, E. (2023). The Effectiveness of STEM-Based Learning in Teaching
21 st Century Skills in Generation Z Student in Science Learning : A. Jurnal Penelitian Pendidikan
IPA, 9(1), 161–166. https://doi.org/10.29303/jppipa.v9i1.2517

Sumarmi, Bachri, S., Irawan, L. Y., & Aliman, M. (2021). E-module in blended learning: Its impact on
students’ disaster preparedness and innovation in developing learning media. International Journal of
Instruction, 14(4), 187–208. https://doi.org/10.29333/iji.2021.14412a

Suparno, S., Saptono, A., Febriantina, S., Narmaditya, B. S., & Disman, D. (2022). Macroeconomics E-book
development: The role of literacies in blended learning. Cypriot Journal of Educational Sciences,
17(7), 2274–2289. https://doi.org/10.18844/cjes.v17i7.7592

Supriyadi, A., Suharyat, Y., Santosa, T. A., & Sofianora, A. (2023). The Effectiveness of STEM-Integrated
Blended Learning on Indonesia Student Scientific Literacy : A Meta-analysis. International Journal of
Education and Literature (IJEL), 2(1), 41–48.

Sutiani, A., Situmorang, M., & Silalahi, A. (2021). Implementation of an Inquiry Learning Model with
Science Literacy to Improve Student Critical Thinking Skills. International Journal of Instruction,
14(2), 117–138. https://doi.org/10.29333/iji.2021.1428a

Tabieh, A. A. S., & Hamzeh, M. (2022). the Impact of Blended-Flipped Learning on Mathematical Creative
Thinking Skills. Journal of Educators Online, 19(3). https://doi.org/10.9743/JEO.2022.19.3.15



150
Triawang, G., & Kurniawan, E. (2021). The Effect of Digital Literacy Towards The Selection of Social

Science Teacher Learning Media. Pegem Egitim ve Ogretim Dergisi, 11(4), 316–319.
https://doi.org/10.47750/pegegog.11.04.30

Uygur, M. (2022). Applications of blended learning method enriched by developing materials and their
effects on students. International Journal of Curriculum and Instruction, 14(3), 2229–2249.

Westman, S., Kauttonen, J., Klemetti, A., Korhonen, N., Manninen, M., Mononen, A., Niittymäki, S., &
Paananen, H. (2021). Artificial intelligence for career guidance - current requirements and prospects
for the future. IAFOR Journal of Education, 9(4), 43–62. https://doi.org/10.22492/ije.9.4.03

Wirdayani, A., Kune, S., & Shaleh, S. F. (2023). Pengaruh Model Pembelajaran Blended Learning Berbasis
Literasi Digital Terhadap Motivasi Dan Hasil Belajar Ipa Kelas V Sekolah Dasar. Jurnal Pendidikan
Glasser, 7(1), 133–142. http://lonsuit.unismuhluwuk.ac.id/glasser/article/view/1844

Yang, Y., Dibyamandala, J., & Mangkhang, C. (2022). The Effects of Mobile Blended Active Language
Learning on the English Critical Reading Skills of High School Students in Thailand. Journal of
Curriculum and Teaching, 11(5), 1–14. https://doi.org/10.5430/JCT.V11N5P1

Yayat Suharyat et al. (2022). Meta-Analisis Penerapan Model Pembelajaran Problem Based Learning Untuk
Meningkatkan Ketrampilan Abad-21 Siswa Dalam Pembelajaran IPA Universitas Pahlawan Tuanku
Tambusai. Jurnal Pendidikan Dan Konseling, 4(5), 5081–5088.

Zulfa, E., Setiadi, D., Merta, I. W., & Sukarso, A. (2022). Pengaruh Pembelajaran Problem Based Learning
Berbasis Blended Learning dan Outcome Based Education terhadap Kemampuan Literasi Sains
Biologi Siswa di SMAN 7 Mataram. Jurnal Ilmiah Profesi Pendidikan, 7(2b), 559–564.
https://doi.org/10.29303/jipp.v7i2b.559

Zulkifli, Z., Satria, E., Supriyadi, A., & Santosa, T. A. (2022). Meta-analysis : The effectiveness of the
integrated STEM technology pedagogical content knowledge learning model on the 21st century skills
of high school students in the science department. Psychology, Evaluation, and Technology in
Educational Research, 5(1), 32–42.

Zulyusri el at. (2020). Problematika Dalam Pembelajaran Berbasis Virtual Learning Environmen t ( VLE )
Terhadap Siswa dan Guru SMA / MA Pada Materi Biologi. Journal of Education, 03(01), 93–103.


