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 Purpose of the study: This study aimed to investigate the impact of using 

computer simulation media on the learning achievement of elementary school 

students in natural sciences, particularly focusing on fourth-grade students at 

Madrasah Ibtidaiyah Ma'arif Global Blotongan Salatiga. 

Methodology: The study employed a quasi-experimental design using computer 

simulation media for experimental group teaching and conventional methods for 

the control group. The sample was taken using a purposive sampling technique, 

in which two classes were selected from the class IV population, namely one 

class as the experimental group and one class as the control group. Each class 

consists of 30 students. Data collection involved pre-tests, post-tests, and 

questionnaires to measure student interest and motivation. Analysis was 

conducted using descriptive and inferential statistical methods. 

Main Findings: The study found a significant increase in learning achievement 

among students who used computer simulation media compared to those who 

did not. Post-test results revealed higher scores for the experimental group. 

Questionnaire responses indicated increased student interest and motivation in 

the experimental group. 

Novelty/Originality of this study: This study contributes to the existing 

literature by specifically examining the effectiveness of computer simulation 

media in enhancing learning outcomes in natural sciences among elementary 

school students in a Madrasah setting. It fills a gap in research by providing 

empirical evidence of the positive impact of such media on student performance 

and motivation, thus advocating for the integration of technology in primary 

education. 
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1. INTRODUCTION 

In essence, the teaching and learning process is a communication process. Teaching and learning activities 

in the classroom are a separate world of communication where teachers and students exchange ideas to develop 

ideas and thoughts [1], [2]. In communication, deviations often arise and occur so that communication is not 

effective and efficient [3], [4]. One effort to overcome this situation is the integrated use of media in the teaching 

and learning process, because the function of media in these activities is not only to provide information stimuli, 
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attitudes, etc., but also to increase harmony in receiving information [5], [6]. In certain cases the media also 

functions to regulate progress steps and to provide feedback. 

Learning media is an inseparable unit that helps support the teaching and learning process [7], [8]. The 

school's physical facilities not only have a direct influence on children's absorption capacity, facilitate children's 

learning, but also act as stimulants for learning, and avoid boredom with varied media [9]. The use of media must 

be in accordance with the lesson and material to be taught by the teacher[10], [11]. Because not all subjects are 

suitable to be taught using media. The current development of media used varies greatly, not only books or other 

media [12], [13]. 

Along with the development of existing technology, teachers also use computer media for teaching. In 

urban schools this media is probably nothing new [14], [15]. There is not just one model taught, but various models. 

One of them is computer simulation media, the use of this media is to introduce students to current technological 

developments. Using computer simulation media provides students with the opportunity to learn dynamically, 

interactively and funly [16-18]. This media provides real experience to students without having to directly practice 

teaching. 

By using computer simulation media, it is hoped that it can help students improve their learning 

achievement in class. Especially for Natural Science subjects where there are many natural events that students 

need to know about without involving them directly [19-21]. Student achievement at Madrasah Ibtidaiyah Ma'arif 

Global Blotongan Salatiga is currently in the good category. Every time there is a competition, whether held at 

school or between schools, many students will definitely take part. 

The use of computer simulation learning media for students at Madrasah Ibtidaiyah Ma'arif Global 

Salatiga will attract more students' attention. Teachers use computer simulation learning media in the classroom 

so that students prefer the learning that will be delivered. This media will attract students' attention in class [22], 

[23]. Students who usually do not pay much attention to teachers during the teaching and learning process will pay 

attention to the lessons that the teacher has packaged to present to students. 

Learning achievements at Madrasah Ibtidaiyah Ma'arif Global Blotongan Salatiga, especially for class 

IV, have shown the level of students' abilities. Class IV is included in the high class category, students must be 

more familiar with technology so as not to miss out on advances in information technology. In learning, especially 

natural science (science) learning, teachers must be creative in presenting the material that will be conveyed to 

students. This is so that students become interested in the lessons so that they do not easily get bored with the 

lessons delivered by the teacher. Apart from attracting students' attention, students' interest in learning will also 

increase. Students' curiosity will make them want to learn, so that their curiosity will be answered. In science 

lessons, students usually get bored easily. So several media are needed that can support students so that their 

learning achievements can be further improved [24-26]. In the complete Indonesian dictionary, it is mastery of 

knowledge or skills that are developed through subjects which are addressed by test scores or numbers given by 

the teacher. 

Natural science is an orderly (systematic) science that can be tested and proven to be true. With the belief 

that nature can be understood. Natural science is a very important way to establish a relationship between humans 

and nature and their environment [27-29]. Achievement in learning material about parts of plants in this lesson. 

The media used is also suitable for use according to the material that will be presented by the teacher. Don't let the 

use of media actually reduce the level of student learning achievement. The media chosen should be in harmony 

with and support the learning objectives that have been set [30], [31]. Whether or not the material and learning 

objectives are appropriate will have an impact on student learning achievement results [32], [33]. The use of 

appropriate media for natural science lessons, especially for the material that will be provided, must be appropriate. 

Based on previous research, it was found that computer simulation media increases the level of 

conceptualization of natural science ideas through unlimited experience and provides tools for scientific 

investigation, problem solving, and the development of skills in hypothesis construction and graphical 

interpretation [34]. Thus, the use of media in learning natural knowledge can improve student learning 

achievement. It is expected that students will be able to understand complex concepts, conduct virtual experiments, 

and develop the analytical skills necessary for success in the subject. 

This research prioritizes the use of computer simulation media as a science learning tool at Madrasah 

Ibtidaiyah level, especially class IV at Madrasah Ibtidaiyah Ma'arif Global Blotongan Salatiga. This approach is 

considered innovative, a novelty because there has not been much research that specifically evaluates the impact 

of computer simulation media on science learning achievement at the basic education level in Indonesia. The focus 

on educational technology in the madrasa context also provides a new perspective on the application of technology 

in generally more traditional educational environments. 

The implications of the results of this research can provide valuable insight for educators and policy 

makers in the field of basic education regarding the importance of technology integration in learning. The findings 

show that increasing learning achievement through the use of computer simulation media can encourage other 

schools to adopt similar technology. Apart from that, this can be a basis for developing a more interactive and 
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dynamic curriculum, as well as enriching science teaching methods so that it can increase students' interest and 

understanding of the subject matter. 

The urgency of this research lies in the urgent need to improve the quality of basic education in Indonesia 

through the use of technology. With increasingly rapid technological developments, education must be able to 

adapt so that students are not left behind [23], [35]. This research is important to ensure that students in madrasas, 

who may have more limited access to technology than urban schools, still receive modern and relevant learning. 

It also highlights the need to train teachers in the use of computer simulation media so that they can be more 

effective in teaching and motivating students. 

The media chosen must also be able to explain what the teacher will convey to students. Effective teaching 

requires good planning. The media that will be used in the teaching process also requires good planning. The media 

used and selected should attract students' interest and attention. Apart from being appropriate, it is also beneficial 

for students so that it can be achieved optimally. With these existing problems, the researcher aims to determine 

the relationship between the use of computer simulation learning media and the science learning achievement of 

class IV students at Madrasah Ibtidaiyah Ma'arif Global Blotongan Salatiga. 

 

 

2. RESEARCH METHOD 

This research uses a quantitative approach with a quasi-experimental research design. This design was 

chosen to test the effect of using computer simulation learning media on student learning achievement in Natural 

Sciences subjects. A quasi-experiment is a research design used to evaluate the effect of a treatment or intervention 

when the researcher cannot fully control all relevant variables or cannot fully randomize the research subjects [36], 

[37]. In a quasi-experiment, an experimental group and a control group are used, but the assignment of subjects to 

the groups is not completely random. 

The population in this study were all class IV students at Madrasah Ibtidaiyah Ma'arif Global Blotongan 

Salatiga in the 2023/2024 academic year. The sample was taken using a purposive sampling technique, in which 

two classes were selected from the class IV population, namely one class as the experimental group and one class 

as the control group. Each class consists of 30 students. 

The independent variable in this research is the use of computer simulation learning media and the 

dependent variable in this research is student learning achievement in natural science subjects. The instruments in 

this research are student learning achievement tests (multiple choice test questions that have been validated to 

measure students' understanding of the science material being taught) and questionnaires to measure students' 

interest and motivation to learn before and after using computer simulation learning media. The following is a grid 

of this research instrument: 

 

Table 1. Research instrument grid 

Learning 

achievement 

test 

Indicator Questionnaire Indicator 

Plant Parts 

Photosynthesis 

Water cycle 

Ecosystem 

Students can explain the functions of 

roots, stems, leaves, flowers and fruit. 

Students can identify plant parts in 

pictures or descriptions. 

Students can explain the process of 

photosynthesis. 

Students can mention the role of 

chlorophyll in photosynthesis. 

Students can identify the products of 

photosynthesis. 

Students can explain the processes of 

evaporation, condensation, and 

precipitation. 

Students can describe the water cycle in 

diagram form. 

Students can identify biotic and abiotic 

components in an ecosystem. 

Students can explain food chains and 

food webs. 

Interest to 

learn 

Motivation 

Study 

The level of student interest in 

science lessons. 

The level of student enjoyment 

when taking science lessons. 

Students' desire to learn more 

deeply about science. 

Student interest in the learning 

media used. 

Student responses to science 

learning activities. 

The student's desire to get good 

grades in science. 

Students' efforts to understand 

science material. 

Students' persistence in 

completing science 

assignments. 

Students' readiness to take 

science lessons. 

Students' self-confidence when 

studying science. 
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This research procedure begins with preparing a lesson plan using computer simulation media, as well as 

creating and validating research instruments in the form of learning achievement tests, questionnaires and 

observation sheets. Next, the experimental group received science learning using computer simulation media for 

six weeks, while the control group studied using conventional methods. Data is collected through pre-tests and 

post-tests to measure learning achievement, questionnaires to assess interest and motivation, and observations to 

see student interactions. Data were analyzed using the t-test to evaluate significant differences between groups, 

and descriptive analysis to process questionnaire and observation data, in order to identify the effect of computer 

simulation media on student learning achievement. 

Data analysis techniques using descriptive analysis are used to interpret data from questionnaires and 

observations in order to see changes in students' interest and learning motivation. Followed by a normality test to 

ensure that the data obtained is normally distributed. This test uses the Kolmogorov-Smirnov method. Then a 

homogeneity test is carried out to ensure that the variance between the experimental and control groups is 

homogeneous. This test uses the Levene method. Then the hypothesis test, namely the two independent sample t-

test, is used to determine whether there is a significant difference between the learning achievements of students 

who use computer simulation media and those who do not use it. 

 

 

3. RESULTS AND DISCUSSION 

This research involved two IV classes at Madrasah Ibtidaiyah Ma'arif Global Blotongan Salatiga, each 

consisting of 30 students. The experimental class uses computer simulation media in science learning, while the 

control class uses conventional methods. The data collected includes the results of pre-test and post-test learning 

achievement, as well as questionnaires about interest and motivation to learn. 

 

3.1.  Pre-test and Post-test results 

Before treatment, a pre-test was carried out to determine the initial abilities of students in both groups. 

The pre-test results show that there is no significant difference between the experimental group and the control 

group, with the average pre-test scores as follows: 

 

Table 2. Description student pre-test results 

Class N Mean 

Experiment 30 66.4 

Control 30 65.8 

 

After knowing the students' initial abilities, they continued by giving treatment to the experimental group, 

namely using computer simulation media on learning material about plant parts. The following are the results of 

the post test, the results of measuring student learning achievement after five weeks of using computer simulation 

media. 

 

Table 3. Description student post-test results 

Class N Mean 

Experiment 30 85.4 

Control 30 75.3 

 

The post-test results showed a significant improvement in the experimental group compared to the control 

group. 

Questionnaires are used to measure students' interest and motivation to learn before and after using 

computer simulation media. The results of the descriptive analysis show an increase in interest and motivation to 

learn in the experimental group compared to the control group. The measured indicators show an increase as 

follows: 

• The level of interest in science lessons increased from 3.2 to 4.5 

• The level of enjoyment when taking science lessons increased from 3.1 to 4.6 

• Desire to learn more about science increased from 3.0 to 4.4 

• Interest in learning media increased from 3.3 to 4.7 

• Response to learning activities increased from 3.0 to 4.5 

 

3.2.  Hypothesis testing 

The normality test using the Kolmogorov-Smirnov method showed that the pre-test and post-test data 

from both groups were normally distributed (p > 0.05). The homogeneity test using the Levene method shows that 

the variance between the experimental group and the control group is homogeneous (p > 0.05). 



Jou. Ed. Tech. Lrng. Crtv ISSN: 3021-7865  

Learning Revolution: The Positive Impact of Computer Simulations on Science … (Muhammad Wahab Habibi) 

17 

The t-test for two independent samples was carried out to determine whether there was a significant 

difference between the learning achievements of students who used computer simulation media and those who did 

not. Testing in this research was carried out with the help of SPSS. Table 4 below is the t-test result of this research 

data which has been simplified in appearance: 

 

Table 4. T test results 

t-test for Equality of Means 

Sig. (2-tailed) Mean Difference Std. Error Difference 95% Confidence Interval of the Difference 

Lower Upper 

.004 -7.57143 2.55345 -12.66676 -2.47610 

 

The two-tailed significant value (Sig. (2-tailed)) is 0.004. This value is smaller than alpha (α) which is 

usually set at 0.05. This shows that there is a statistically significant difference between the learning achievements 

of students who use computer simulation media and those who do not use it. In other words, the null hypothesis, 

which states that there is no difference in learning achievement between the two groups, can be rejected. The 

average difference value (Mean Difference) is -7.57143. This means that the average learning achievement of 

students who use computer simulation media is 7.57143 points higher compared to students who do not use this 

media. The negative sign indicates that the experimental group (which used computer simulation media) had a 

higher average value than the control group. 

The 95% confidence interval of the mean difference in learning achievement is between -12.66676 and -

2.47610. Since this interval does not include zero, it strengthens the conclusion that there is a statistically 

significant difference between the two groups. This confidence interval indicates that we can be 95% confident 

that the difference in mean learning achievement is actually between -12.66676 and -2.47610 points. From the 

results of the t-test, it can be concluded that the use of computer simulation media in learning Natural Sciences has 

a significant positive influence on the learning achievement of class IV students at Madrasah Ibtidaiyah Ma'arif 

Global Blotongan Salatiga. Students who use computer simulation media show a higher increase in learning 

achievement compared to students who study using conventional methods.  

Based on the results of previous research by Çelik  [38] it was found that computer simulation media was 

integrated into the sequence of learning activities in the classroom and laboratory, and carried out at the students' 

own pace. Computer simulations raise the level of conceptualization of natural knowledge ideas through seamless 

experience and provide tools for scientific inquiry. Thus, the use of this media in learning natural knowledge can 

improve student learning achievement because they can learn independently according to the student's own 

understanding. According to Yang et al. [39] it was found that the main advantage of this computer simulation is 

that it provides learners with direct feedback and reinforcement from the computer. When students interact with a 

simulation, students can immediately see the results of the actions or decisions the student takes in the virtual 

environment. This feedback can take the form of information about mistakes students make, suggestions for 

improvement, or explanations about concepts being studied. 

This research provides a new contribution in the context of the use of computer simulation media in 

learning Natural Sciences at Madrasah Ibtidaiyah. The main breakthrough lies in the research focus which 

specifically explores the influence of computer simulation media on the learning achievement of fourth grade 

students [40], [41]. This research fills the literature gap by providing empirical evidence about the effectiveness 

of computer simulation media in increasing students' understanding of science material. Apart from that, this 

research also strengthens evidence that the use of technology in basic education, especially in the madrasa 

environment, can have a significant positive impact on the learning process. 

The novelty of this research lies in an intensive investigation of the influence of computer simulation 

media on academic achievement of class IV students in the madrasa environment, especially Madrasah Ibtidaiyah 

Maarif Global Brotongan Salatiga. In contrast to previous studies that broadly discuss technological integration 

into education, this study provides evidence that shows the effectiveness of computer simulations in increasing 

students' understanding of scientific content. This study shows a significant increase in learning performance and 

student interests and motivation, highlighting the unique benefits of the interactive learning environment and rich 

in feedback created through computer simulations. In addition, this technology has the potential to change 

traditional learning methods in basic education, especially in the context of madrasas, so as to fill in critical gaps 

in existing literature and provide practical implications for curriculum development and teaching strategies. 

The results of this research have significant practical implications for basic education, especially in 

madrasas. The use of computer simulation media in science learning can be an effective strategy for improving 

student learning achievement and also increasing their interest and motivation to learn. These implications 

underscore the importance of technology integration in madrasa curricula, which can help create a more dynamic 

and relevant learning environment for students. Apart from that, the results of this research can provide 

encouragement for other schools to adopt and develop the use of technology in learning. 
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Although this research provides a valuable contribution, there are several limitations that need to be noted. 

First, this research was conducted in only one madrasah in a particular location, so generalization of the findings 

needs to be done with caution to different contexts and populations. Second, the use of a quasi-experimental design 

causes limitations in controlling external variables that might influence research results. Furthermore, data 

collection methods that rely primarily on tests and questionnaires may not be able to fully capture students' learning 

experiences. 

For future research, it is recommended to conduct similar research with a larger sample and from various 

madrasas in various locations. This will allow broader generalization of the findings. In addition, longitudinal 

research involving long-term monitoring of the effects of using computer simulation media in learning can provide 

additional insight into the sustainability of its impact on student achievement. Furthermore, research can explore 

more deeply the contextual factors and interventions that can influence the effectiveness of using computer 

simulation media, such as teacher training, access to technology, and institutional support. 

 

 

4. CONCLUSION 

This research highlights the importance of using computer simulation media in learning natural sciences 

at Madrasah Ibtidaiyah. Through a quasi-experimental approach, this research shows that the use of computer 

simulation media has a significant positive impact on the learning achievement of class IV students. The post-test 

results showed a significant increase in the learning achievement of students who used computer simulation media 

compared to students who used conventional methods. In addition, questionnaire analysis showed an increase in 

students' interest and motivation to learn in the experimental group. In the context of further research, it is 

recommended to conduct a broader study with a larger sample and from various madrasas. Longitudinal research 

can also be conducted to monitor the long-term impact of using computer simulation media in learning. In addition, 

further research can explore more deeply the contextual factors that influence the effectiveness of using computer 

simulation media, as well as intervention strategies that can be implemented to improve learning outcomes. Thus, 

this research provides a strong foundation for further development in the field of madrasa education. 

 

 

ACKNOWLEDGEMENTS 

We would like to express our infinite gratitude to all parties who have participated in making this research 

a success. Thank you to the teachers and students who participated in this research with patience and cooperation. 

Our appreciation also goes to all parties who have provided support and assistance in the data collection and 

analysis process. Without the contribution and cooperation of these various parties, this research would not have 

been possible. Thank you for your dedication and support. 

 

REFERENCES 
[1] D. Kim, “Learning language , learning culture : teaching language to the whole student,” ECNU Rev. Educ., vol. 3, no. 

3, pp. 519–541, 2020, doi: 10.1177/2096531120936693. 

[2] L. J. Zhang and D. Zhang, “Dialogic discussion as a platform for constructing knowledge: student-teachers’ interaction 

patterns and strategies in learning to teach english,” Asian-Pacific J. Second Foreign Lang. Educ., vol. 5, no. 1, 2020, 

doi: 10.1186/s40862-020-00101-2. 

[3] C. Lange and J. Costley, “Improving online video lectures: learning challenges created by media,” Int. J. Educ. Technol. 

High. Educ., vol. 17, no. 1, 2020, doi: 10.1186/s41239-020-00190-6. 

[4] A. Bakar, K. Shah, and X. Qingyu, “the Effect of Communication Barriers on,” Rev. Argentina Clínica Psicológica, vol. 

29, no. 5, pp. 248–264, 2020, doi: 10.24205/03276716.2020.1027. 

[5] W. Winarto, A. Syahid, and F. Saguni, “Effectiveness the Use of Audio Visual Media in Teaching Islamic Religious 

Education,” Int. J. Contemp. Islam. Educ., vol. 2, no. 1, 2020, doi: 10.24239/ijcied.Vol2.Iss1.14. 

[6] S. O. Pela, N. N. Le, P. G. Kaboro, and A. Nurjamil, “Innovation of physics e-module : Utilizing local wisdom of 

Lampung ’ s handwritten batik in teaching heat and temperature material to foster students ’ scientific attitude,” 

SchrödingerJournal Phys. Educ., vol. 4, no. 4, pp. 132–138, 2023, doi: 10.37251/sjpe.v4i4.924. 

[7] I. I. Irvy, “Understanding the Learning Models Design for Indonesian Teacher,” Int. J. Asian Educ., vol. 1, no. 2, pp. 95–

106, 2020, doi: 10.46966/ijae.v1i2.40. 

[8] A. Alobaid, “Smart multimedia learning of ICT: role and impact on language learners’ writing fluency— youtube online 

english learning resources as an example,” Smart Learn. Environ., vol. 7, no. 1, 2020, doi: 10.1186/s40561-020-00134-

7. 

[9] M. Supraja, “Pandemic pressures: A study on the forms of violence against students during online learning,” Eur. Rev. 

Appl. Sociol., vol. 17, no. 28, pp. 25–40, 2024, doi: 10.2478/eras-2024-0003. 

[10] P. Muliyah and D. Aminatun, “Teaching English for Specific Purposes in Vocational High School: Teachers’ Beliefs and 

Practices,” JET (Journal English Teaching), vol. 6, no. 2, pp. 122–133, 2020, doi: 10.33541/jet.v6i2.1756. 

[11] M. Nurtanto, N. Kholifah, A. Masek, P. Sudira, and A. Samsudin, “Crucial problems in arranged the lesson plan of 

vocational teacher,” Int. J. Eval. Res. Educ., vol. 10, no. 1, pp. 345–354, 2021, doi: 10.11591/ijere.v10i1.20604. 

[12] J. Strömbäck et al., “News media trust and its impact on media use: toward a framework for future research,” Ann. Int. 

Commun. Assoc., vol. 44, no. 2, pp. 139–156, 2020, doi: 10.1080/23808985.2020.1755338. 



Jou. Ed. Tech. Lrng. Crtv ISSN: 3021-7865  

Learning Revolution: The Positive Impact of Computer Simulations on Science … (Muhammad Wahab Habibi) 

19 

[13] T. Aichner, M. Grünfelder, O. Maurer, and D. Jegeni, “Twenty-five years of social media: A review of social media 

applications and definitions from 1994 to 2019,” Cyberpsychology, Behav. Soc. Netw., vol. 24, no. 4, pp. 215–222, 2021, 

doi: 10.1089/cyber.2020.0134. 

[14] R. O. Welsh and W. A. Swain, “(Re)defining urban education: A conceptual review and empirical exploration of the 

definition of urban education,” Educ. Res., vol. 49, no. 2, pp. 90–100, 2020, doi: 10.3102/0013189X20902822. 

[15] J. van Hoof, H. R. Marston, J. K. Kazak, and T. Buffel, “Ten questions concerning age-friendly cities and communities 

and the built environment,” Build. Environ., vol. 199, no. April, p. 107922, 2021, doi: 10.1016/j.buildenv.2021.107922. 

[16] K. M. Stanney, A. Skinner, and C. Hughes, “Exercisable learning-theory and evidence-based andragogy for training 

effectiveness using XR (ELEVATE-XR): Elevating the ROI of immersive technologies,” Int. J. Hum. Comput. Interact., 

vol. 39, no. 11, pp. 2177–2198, 2023, doi: 10.1080/10447318.2023.2188529. 

[17] F. Jiang et al., “Interactive simulation of DNA structure for mobile-learning,” in 19th International Conference on 

Entertainment Computing (ICEC), 2022, pp. 0–11. doi: 10.1007/978-3-030-65736-9_16. 

[18] A. Mawardani, M. Mirunalini, C. Meechi, and S. Shah, “Development of Interactive Multimedia Based on Adobe Flash 

as a Learning Media Steps of Geographical Research,” vol. 1, no. 1, pp. 16–24, 2023, doi: 10.37251/jetlc.v1i1.620. 

[19] R. Rusli, A. Rahman, and H. Abdullah, “Student perception data on online learning using heutagogy approach in the 

Faculty of Mathematics and Natural Sciences of Universitas Negeri Makassar, Indonesia,” Data Br., vol. 29, p. 105152, 

2020, doi: 10.1016/j.dib.2020.105152. 

[20] D. Höttecke and D. Allchin, “Reconceptualizing nature-of-science education in the age of social media,” Sci. Educ., vol. 

104, no. 4, pp. 641–666, 2020, doi: 10.1002/sce.21575. 

[21] D. Lombardi et al., “The curious construct of active learning,” Psychol. Sci. Public Interes., vol. 22, no. 1, pp. 8–43, 

2021, doi: 10.1177/1529100620973974. 

[22] D. Ni, S. Wang, and G. Liu, “The EEG-based attention analysis in multimedia m-learning,” Comput. Math. Methods 

Med., vol. 2020, 2020, doi: 10.1155/2020/4837291. 

[23] H. Mardiana, “Lecturers’ adaptability to technological change and its impact on the teaching process,” JPI (Jurnal 

Pendidik. Indones., vol. 9, no. 2, p. 275, 2020, doi: 10.23887/jpi-undiksha.v9i2.24595. 

[24] M. H. Khoiruddin, Z. Hazmi, Z. Baharin, M. S. Kaka, and S. Saenpich, “Development of visual novel games as learning 

media for the history of Indonesia ’ s independence,” J. Educ. Technol. Learn. Creat., vol. 1, no. 1, pp. 33–41, 2023, doi: 

10.37251/jetlc.v1i1.622. 

[25] H. Abuhassna, W. M. Al-Rahmi, N. Yahya, M. A. Z. M. Zakaria, A. B. M. Kosnin, and M. Darwish, “Development of a 

new model on utilizing online learning platforms to improve students’ academic achievements and satisfaction,” Int. J. 

Educ. Technol. High. Educ., vol. 17, no. 1, 2020, doi: 10.1186/s41239-020-00216-z. 

[26] E. Lacka, T. Wong, and H. & M. Yacine, “Can digital technologies improve students’ efficiency? Exploring the role of 

Virtual Learning Environment and Social Media use in Higher Education,” Comput. Educ., pp. 1–12, 2021, doi: 

10.1016/j.compedu.2020.104099. 

[27] L. Chawla, “Childhood nature connection and constructive hope: A review of research on connecting with nature and 

coping with environmental loss,” People Nat., vol. 2, no. 3, pp. 619–642, 2020, doi: 10.1002/pan3.10128. 

[28] R. Hill et al., “Working with indigenous, local and scientific knowledge in assessments of nature and nature’s linkages 

with people,” Curr. Opin. Environ. Sustain., vol. 43, no. January, pp. 8–20, 2020, doi: 10.1016/j.cosust.2019.12.006. 

[29] J. P. W. Scharlemann et al., “Towards understanding interactions between sustainable development goals: The role of 

environment–human linkages,” Sustain. Sci., vol. 15, no. 6, pp. 1573–1584, 2020, doi: 10.1007/s11625-020-00799-6. 

[30] M. Daheri, I. Warsah, R. Morganna, O. A. Putri, and P. Adelia, “Strengthening religious moderation : learning from the 

harmony of multireligious people in Indonesia,” J. Popul. Soc. Stud., vol. 31, pp. 571–586, 2023, doi: 

10.25133/JPSSv312023.032. 

[31] M. D. Abdulrahaman et al., “Multimedia tools in the teaching and learning processes: A systematic review,” Heliyon, 

vol. 6, no. 11, p. e05312, 2020, doi: 10.1016/j.heliyon.2020.e05312. 

[32] M. M. Asad, R. B. Khan Soomro, A. Shamsy, and P. Churi, “Students’ satisfaction towards e-assessment for academic 

achievement in ESL at public schools and colleges,” Educ. Res. Int., vol. 2021, 2021, doi: 10.1155/2021/4576750. 

[33] P. Kumar et al., “Using empirical science education in schools to improve climate change literacy,” Renew. Sustain. 

Energy Rev., vol. 178, no. May 2022, p. 113232, 2023, doi: 10.1016/j.rser.2023.113232. 

[34] D. Hooshyar, L. Malva, Y. Yang, M. Pedaste, M. Wang, and H. Lim, “An adaptive educational computer game: Effects 

on students’ knowledge and learning attitude in computational thinking,” Comput. Human Behav., vol. 114, no. 

September 2020, p. 106575, 2021, doi: 10.1016/j.chb.2020.106575. 

[35] T. D. Oyedotun, “Sudden change of pedagogy in education driven by COVID-19: Perspectives and evaluation from a 

developing country,” Res. Glob., vol. 2, no. September, p. 100029, 2020, doi: 10.1016/j.resglo.2020.100029. 

[36] S. S. Bikar, B. Rathakrishnan, Z. Rabe, H. Mahat, S. Sharif, and R. Talin, “The impact of geography information system 

integrated teaching on underachieving students’ intrinsic motivation,” Int. Res. Geogr. Environ. Educ., vol. 31, no. 4, pp. 

304–319, 2022, doi: 10.1080/10382046.2021.2001983. 

[37] J. W. Creswell, Educational Research; Planning, Conducting, and Evaluating Quantitative and Qualitative Research 

(FOURTH EDITION). 2012. 

[38] B. Çelik, “The effects of computer simulations on students’ science process skills: Literature review,” Can. J. Educ. Soc. 

Stud., vol. 2, no. 1, pp. 16–28, 2022, doi: 10.53103/cjess.v2i1.17. 

[39] S. J. H. Yang, H. Ogata, T. Matsui, and N. Chen, “Human-centered artificial intelligence in education: Seeing the invisible 

through the visible,” Comput. Educ. Artif. Intell., vol. 2, no. January, p. 100008, 2021, doi: 10.1016/j.caeai.2021.100008. 

[40] L. D. C. Kabigting, “Computer simulation on teaching and learning of selected topics in physics,” Eur. J. Interact. 

Multimed. Educ., vol. 2, no. 2, p. e02108, 2021, doi: 10.30935/ejimed/10909. 

[41] J. Zeng, S. Parks, and J. Shang, “To learn scientifically, effectively, and enjoyably: A review of educational games,” 

Hum. Behav. Emerg. Technol., vol. 2, no. 2, pp. 186–195, 2020, doi: 10.1002/hbe2.188. 


