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Abstract: The fast growth of digital technology has changed how education is done, including 

how science is taught in college. Future teachers who want to work in elementary schools need to 

have skills that are important in the 21st century. These skills include thinking critically, being 

creative, working together with others, communicating effectively, and being able to use digital 

tools. This study looks at how using digital technology in science lessons can help improve 21st-

century skills for students studying to become primary school teachers. The study used a literature 

review approach by looking at important national and international articles about digital learning, 

science teaching, and skills needed in the 21st century. The results show that using digital tools in 

science classes helps students become more involved, better understand science, improve their 

ability to solve problems, and work better together in groups. Digital tools like learning 

management systems, interactive multimedia, virtual labs, and educational apps offer valuable 

learning experiences and help students develop stronger thinking skills. Using digital technology 

along with science education is a good way to help future elementary school teachers get ready 

for the challenges of teaching in the modern digital age.  
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INTRODUCTION 

Digital technology has made big changes in many areas of life, like education. Digital 

transformation in education is changing how learning takes place, moving the emphasis 

from teaching focused on the teacher to learning focused on the student (UNESCO, 2023). 

The use of technology in college education is becoming more important because teachers 

of the future need to know both how to teach effectively and how to use digital tools 

(Mishra & Koehler, 2020; Voogt et al., 2020). 

Studying science is a subject that can really help build important skills like thinking 

critically, solving problems, being creative, and understanding science better (Bybee, 

2021). Science learning helps students explore things, look at evidence, and build 

understanding by doing hands-on activities that encourage questioning and discovery 

(Lederman, 2020). Accordingly, the integration of digital technology into science 

learning is deemed a highly effective method for enhancing learning quality and student 

engagement. 

According to the OECD in 2023, the skills needed for the 21st century include thinking 

critically, communicating effectively, working together, coming up with new ideas, and 

being able to use digital tools. The acquisition of these proficiencies is crucial for 

equipping future educators to handle educational obstacles in the age of technology. 

Digital technology allows students to get information, work together online, and have 

learning experiences that are more flexible and interactive (Fraillon et al., 2020). 

METHODS 

This study used a literature review approach to look at how combining digital technology with 

science learning can help improve 21st-century skills in PGSD students. A literature review helps 

gather and understand the results from past studies and spot patterns or trends in a specific area 

of research (Snyder, 2019). The study used the methods suggested by Creswell and Creswell 

(2018), which involved finding relevant sources, checking them for suitability, grouping them 

into categories, understanding their meanings, and combining the information together. 

 

RESULTS 

Digital technology helps students get more involved in learning science by creating interactive 

and teamwork-based learning environments. Bond et al.(2020) say that using educational 

technology can help students get more involved, stay more interested, and feel more satisfied with 
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their learning when it's used properly in college courses. Digital platforms help learners take an 

active role in their learning by using discussion forums, group projects, and interactive tests. 

Using technology in teacher training helps build the skills needed to effectively use technology 

in teaching. Kimmons and their team in 2020 say that using technology well isn't just about 

replacing old teaching ways. Instead, it's about making learning more engaging and meaningful 

by changing how students interact with the material. This change helps future teachers learn how 

to use technology to support more meaningful learning and teaching that focuses on the students. 

Besides that, how well educational technology is used depends on how teachers feel about it, what 

they believe, and whether they are willing to use digital tools. Scherer and their team in 2019 

discovered that when teachers think a technology tool is useful and easy to use, they are more 

likely to include it in their teaching methods. Therefore, building digital skills should be a key 

part of training teachers. 

Research by Valtonen and others in 2021 shows that using technology in learning helps students 

develop important skills for today's world, like thinking critically, coming up with new ideas, 

working together, and communicating effectively. These skills are becoming more important for 

PGSD students, as they are meant to grow into creative teachers who can deal with the problems 

in today's education system. 

Uerz and other researchers in 2018 highlight that teacher educators are important in helping future 

teachers develop skills related to using technology. Having the right technology and learning 

opportunities can help students feel more confident when using digital tools for teaching. Ertmer 

and Ottenbreit-Leftwich (2019) say that using technology effectively needs more than just 

knowing how it works. It also needs good attitudes and a school environment that supports using 

technology. 

The results also match the Technological Pedagogical Content Knowledge (TPACK) framework 

introduced by Chai and others in 2013.This framework shows how important it is to combine 

knowledge about technology, teaching methods, and the subject being taught when planning 

lessons. By using science education that includes digital tools, PGSD students can build these 

related skills and get ready for their future work responsibilities. The results also show that digital 

tools help make group learning more effective and engaging. Online discussion forums, video call 

apps, and shared document tools help students share thoughts and work together to find solutions. 

These learning environments help build communication and teamwork skills that are important 

for future teachers. 

 

 

 



Integrating Digital Technology and Science Learning to Enhance 21st-Century… 193 

 

 

Table 1. Contributions of Digital Technology in Science Learning 

Digital Technology Learning Activities Competencies Developed 

Learning Management 

System (LMS) 

Online learning and 

assignments 

Digital literacy, self-regulated 

learning 

Virtual Laboratory Science experiments and 

simulations 

Critical thinking, scientific 

literacy 

Interactive Multimedia Concept visualization Creativity, conceptual 

understanding 

Educational Applications Problem-solving activities Innovation, analytical skills 

Online Collaboration 

Platforms 

Group discussions and 

projects 

Communication, collaboration 

 

Research shows that teaching science with digital tools helps students improve their ability to 

think critically. Students are encouraged to study data, verify scientific facts, create ideas to 

explain different things, and propose solutions for real problems. These activities help build the 

skill to think carefully and find solutions, which are important abilities in modern education. 

Valtonen and others in 2021 say that using technology in learning helps students do more complex 

thinking tasks, which support skills like thinking critically, being creative, working together, and 

communicating well. Martin et al.(2020) discovered that digital learning environments help 

students get more involved and think deeply about what they're learning. This makes it easier for 

them to understand information better and come up with ways to solve problems. Kimmons and 

their team in 2020 said that using technology in a meaningful way can change how students learn 

by turning regular lessons into activities where they ask questions and explore on their own. This 

helps them grow smarter and learn more by themselves. 

Another important finding is that scientific knowledge is better understood. Having access to 

digital tools lets students see scientific information from various places and determine if it is 

reliable. Because of this, students can understand science events better and make choices based 

on facts. This result matches what Bybee (2018) said, which is that being scientifically literate 

means being able to think carefully about scientific information and use scientific thinking in 

everyday choices. In addition, Lederman and his team in 2013 said that knowing what science is 

like is important for building scientific literacy and helping people be more informed citizens. 

Digital tools make it easier for students to access more scientific materials, computer models, and 

visual content, which helps them better understand ideas and develop skills in using evidence to 

support their thinking. Fraillon and others in 2020 pointed out that being able to use digital tools 

and tell good information from false stuff is more important than ever. This helps students deal 
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with a lot of online content and recognize reliable sources from fake ones. 

Table 2. Impact of Digital Technology Integration on 21st-Century Competencies 

Competency Contribution of Digital Technology 

Critical Thinking Data analysis, scientific inquiry, problem-solving 

Creativity Development of digital projects and multimedia products 

Communication Online discussions, presentations, and collaborative work 

Collaboration Team-based learning and digital cooperation 

Digital Literacy Effective use of digital tools and information resources 

Scientific Literacy Understanding scientific concepts and evidence-based reasoning 

 

DISCUSSION 

The findings indicate that incorporating digital tools into science teaching helps postgraduate 

students in science education build key abilities that are essential for success in the modern world. 

These results show that using technology in schools can lead to more interesting, active, and 

focused learning for students. Digital technologies offer students the chance to build their own 

knowledge by exploring, investigating, and getting involved actively, instead of just listening or 

watching without taking part. 

From a constructivist viewpoint, using digital technology in science learning helps students create 

knowledge by asking questions, doing experiments, and thinking about what they learn. Virtual 

labs, simulations, and interactive videos offer real learning experiences that link classroom ideas 

to actual situations in the world. These learning experiences help students understand scientific 

ideas better and remember them for a longer time. This result supports the idea that using 

technology in learning helps students learn more deeply and build knowledge actively. 

This study found that improving critical thinking skills matches what earlier research has shown, 

which emphasizes how inquiry-based science learning helps develop better thinking abilities. 

Digital tools give students access to scientific information, real-life issues, and different kinds of 

resources. This helps them look at evidence, come up with explanations, and think about other 

possible solutions. Because of this, students develop better skills in thinking critically and solving 

problems, which are important for doing well in school and succeeding in their future jobs. 

Another key result is about how scientific literacy is growing. In today's world, being 

scientifically literate is a key skill that people need. Citizens are expected to make smart choices 

using scientific information and evidence. Students can access the latest scientific information, 

digital tools, and multimedia materials thanks to digital technology, which help them think and 

reason using solid evidence. This finding agrees with Bybee (2018), who said that scientific 

literacy means being able to think carefully about scientific information and use scientific thinking 
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in daily life. Similarly, Lederman and his team in 2013 believed that knowing what science is 

really about is key to helping people become more scientifically informed. The results also show 

that digital tools help improve how people work together in learning activities. Working together 

has become a key skill in today's education because jobs today often need people to work in teams, 

talk clearly, and solve problems together. Online discussion forums, video conference tools, and 

shared document platforms let students talk and work together no matter where they are or what 

time it is. These kinds of settings help teachers learn from each other, share ideas, and work 

together to solve problems, which improves their ability to communicate and work as a team. 

Creativity became a major result of using technology to improve science education. Digital tools 

allow students to make presentations, build multimedia projects, make educational videos, and 

come up with new learning resources. These activities help students think creatively and come up 

with new ideas, and also teach them how to create interesting and effective lesson plans for 

elementary school classes. As future teachers, PGSD students need to be able to design interesting 

and creative learning activities that work for all different kinds of students. 

The results back up the Technological Pedagogical Content Knowledge (TPACK) framework that 

Mishra and Koehler introduced in 2006. The TPACK framework focuses on combining 

knowledge of technology, teaching methods, and subject matter to create better teaching 

strategies. By using digital tools for science learning, students gain not just a deep understanding 

of scientific subjects, but also the teaching methods and technology skills needed to successfully 

apply what they've learned in the classroom. This finding also agrees with Chai et al.(2013), who 

believed that TPACK is very important for helping future teachers use technology in a meaningful 

way during their teaching activities. 

The results also show that digital literacy is becoming more important in training teachers. 

Redecker (2017) says that digital competence means being able to get, check, make, and 

share information using digital tools in a responsible and effective way. In science classes, 

being able to use digital tools helps students check if information is trustworthy, find 

dependable sources, and make good choices using facts and evidence. So, using 

technology in education helps students do better in school and also teaches them how to 

be good digital citizens when they become teachers. 

Another important thing from this study is how it affects the way we prepare teachers for 

the future. Uerz et al.(2018) said that teacher training schools need to give future teachers 

real chances to use technology in ways that make learning meaningful. Ertmer and 

Ottenbreit-Leftwich (2019) said that using technology well isn't just about knowing how 

to use it, but also having a good attitude, beliefs that support it, and backing from the 
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institution. So, universities should create helpful learning spaces, make sure there's good 

technology available, and keep offering training on teaching with digital tools. Even 

though there are many good things to note, there are still some problems that need to be 

worked on. Not all students have the same access to technology, and differences in how 

well they know how to use digital tools can affect how well technology is used in learning. 

Poor infrastructure, weak internet access, and lack of enough technology help can stop 

the use of new digital learning ideas. Therefore, colleges and universities need to put 

money into better technology, teach students how to use digital tools, and create rules that 

help use technology well in teaching science. 

Using digital technology along with science learning can greatly help make teacher 

education programs better. The results show that using technology in science learning 

helps PGSD students improve their ability to think critically, be creative, work together, 

communicate effectively, understand science better, and become more skilled with digital 

tools. These skills are important for training future elementary teachers so they can create 

exciting, student-focused lessons that use technology to support learning. So, using digital 

tools in science teaching should be a key focus in training teachers, to meet the changing 

needs of education in the 21st century. 

REFERENCES  

Bond, M., Buntins, K., Bedenlier, S., Zawacki-Richter, O., & Kerres, M. (2020). Mapping 

research in student engagement and educational technology in higher education. 

International Journal of Educational Technology in Higher Education, 17(2), 1–30. 

https://doi.org/10.1186/s41239-019-0176-8 

Bybee, R. W. (2018). Scientific literacy. In B. Akpan (Ed.), Science Education in Theory 

and Practice (pp. 15–28). Springer. https://doi.org/10.1007/978-3-319-73921-1_2 

Chai, C. S., Koh, J. H. L., & Tsai, C. C. (2013). A review of technological pedagogical 

content knowledge. Educational Technology & Society, 16(2), 31–51. 

Creswell, J. W., & Creswell, J. D. (2018). Research Design: Qualitative, Quantitative, 

and Mixed Methods Approaches (5th ed.). Sage Publications. 

Darling-Hammond, L., Flook, L., Cook‐Harvey, C., Barron, B., & Osher, D. (2020). 

Implications for educational practice of the science of learning and development. 

https://doi.org/10.1186/s41239-019-0176-8
https://doi.org/10.1007/978-3-319-73921-1_2


Integrating Digital Technology and Science Learning to Enhance 21st-Century… 197 

 

 

Applied Developmental Science, 24(2), 97–140. 

https://doi.org/10.1080/10888691.2018.1537791 

Ertmer, P. A., & Ottenbreit-Leftwich, A. T. (2019). Teacher technology change: How 

knowledge, confidence, beliefs, and culture intersect. Journal of Research on 

Technology in Education, 42(3), 255–284. 

Fraillon, J., Ainley, J., Schulz, W., Friedman, T., & Duckworth, D. (2020). Preparing for 

Life in a Digital World: IEA International Computer and Information Literacy 

Study 2018 International Report. Springer. https://doi.org/10.1007/978-3-030-

38781-5 

Henderson, M., Selwyn, N., & Aston, R. (2017). What works and why? Student 

perceptions of useful digital technology in university teaching and learning. Studies 

in Higher Education, 42(8), 1567–1579. 

Hsu, Y. C., Hung, J. L., & Ching, Y. H. (2013). Trends of educational technology research: 

More than a decade of international research in six SSCI-indexed journals. 

Educational Technology Research and Development, 61(4), 685–705. 

Kimmons, R., Graham, C. R., & West, R. E. (2020). The PICRAT model for technology 

integration in teacher preparation. Contemporary Issues in Technology and Teacher 

Education, 20(1), 176–198. 

Koehler, M. J., Mishra, P., Kereluik, K., Shin, T. S., & Graham, C. R. (2014). The 

technological pedagogical content knowledge framework. In J. M. Spector et al. 

(Eds.), Handbook of Research on Educational Communications and Technology 

(pp. 101–111). Springer. 

Law, N., Woo, D., De La Torre, J., & Wong, G. (2018). A Global Framework of Reference 

on Digital Literacy Skills for Indicator 4.4.2. UNESCO Institute for Statistics. 

Lederman, N. G., Lederman, J. S., & Antink, A. (2013). Nature of science and scientific 

inquiry as contexts for the learning of science and achievement of scientific literacy. 

International Journal of Education in Mathematics, Science and Technology, 1(3), 

138–147. 

Martin, F., Sun, T., & Westine, C. D. (2020). A systematic review of research on online 

teaching and learning from 2009 to 2018. Computers & Education, 159, 104009. 

https://doi.org/10.1080/10888691.2018.1537791
https://doi.org/10.1007/978-3-030-38781-5
https://doi.org/10.1007/978-3-030-38781-5


198 Pertiwi, Afifah, Aliwibowo, & Mardianty 

 

Mishra, P., & Koehler, M. J. (2006). Technological pedagogical content knowledge: A 

framework for teacher knowledge. Teachers College Record, 108(6), 1017–1054. 

https://doi.org/10.1111/j.1467-9620.2006.00684.x 

Ng, W. (2012). Can we teach digital natives digital literacy? Computers & Education, 

59(3), 1065–1078. 

OECD. (2023). PISA 2022 Results (Volume I): The State of Learning and Equity in 

Education. OECD Publishing. https://doi.org/10.1787/53f23881-en 

Redecker, C. (2017). European Framework for the Digital Competence of Educators: 

DigCompEdu. Publications Office of the European Union. 

Sari, D. P., Nurhayati, S., & Widodo, A. (2023). Digital literacy and science learning in 

higher education: A systematic review. Journal of Science Learning, 6(2), 125–137. 

Scherer, R., Siddiq, F., & Tondeur, J. (2019). The technology acceptance model (TAM): 

A meta-analytic structural equation modeling approach to explaining teachers’ 

adoption of digital technology. Computers & Education, 128, 13–35. 

Siddiq, F., Gochyyev, P., & Wilson, M. (2017). Learning in digital networks: ICT literacy 

and educational outcomes. Computers & Education, 109, 11–25. 

Snyder, H. (2019). Literature review as a research methodology: An overview and 

guidelines. Journal of Business Research, 104, 333–339. 

https://doi.org/10.1016/j.jbusres.2019.07.039 

Teo, T. (2011). Factors influencing teachers’ intention to use technology: Model 

development and test. Computers & Education, 57(4), 2432–2440. 

Tondeur, J., Scherer, R., Siddiq, F., & Baran, E. (2020). Enhancing pre-service teachers’ 

technological pedagogical content knowledge (TPACK): A mixed-method study. 

Educational Technology Research and Development, 68(1), 319–343. 

Trust, T. (2018). Why do teachers use Twitter for professional development? Journal of 

Digital Learning in Teacher Education, 28(4), 133–145. 

Uerz, D., Volman, M., & Kral, M. (2018). Teacher educators’ competencies in fostering 

student teachers’ proficiency in teaching and learning with technology. Teaching 

and Teacher Education, 73, 12–23. 

UNESCO. (2023). Global Education Monitoring Report 2023: Technology in 

Education—A Tool on Whose Terms? UNESCO Publishing. 

https://doi.org/10.1111/j.1467-9620.2006.00684.x
https://doi.org/10.1787/53f23881-en
https://doi.org/10.1016/j.jbusres.2019.07.039


Integrating Digital Technology and Science Learning to Enhance 21st-Century… 199 

 

 

Valtonen, T., Sointu, E., Kukkonen, J., Kontkanen, S., Lambert, M., & Mäkitalo-Siegl, 

K. (2021). TPACK updated to measure pre-service teachers’ twenty-first century 

skills. Australasian Journal of Educational Technology, 37(3), 15–31. 

Voogt, J., Fisser, P., Roblin, N. P., Tondeur, J., & Van Braak, J. (2013). Technological 

pedagogical content knowledge—A review of the literature. Journal of Computer 

Assisted Learning, 29(2), 109–121. https://doi.org/10.1111/j.1365-

2729.2012.00487.x 

Zawacki-Richter, O., Marín, V. I., Bond, M., & Gouverneur, F. (2019). Systematic review 

of research on artificial intelligence applications in higher education. International 

Journal of Educational Technology in Higher Education, 16(39), 1–27. 

Zhao, Y., Pugh, K., Sheldon, S., & Byers, J. L. (2020). Conditions for classroom 

technology innovations. Teachers College Record, 104(3), 482–515. 

 

https://doi.org/10.1111/j.1365-2729.2012.00487.x
https://doi.org/10.1111/j.1365-2729.2012.00487.x

