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Abstract 
The integration of Information and Communication Technologies (ICT) in education has the 
potential to significantly enhance teaching and learning. While existing studies offer 
numerous recommendations for using ICT in education, they often lack a clear description of 
the didactic purposes and the specific 21st century skills that can be developed through these 
technologies. Moreover, many studies focus on the phenomenological aspects without 
addressing the psychological and physiological justification for the proposed methods. This 
study aims to address these gaps by conducting a comprehensive bibliographic analysis to 
determine the didactic goals of using ICT in physics lessons, to compare these goals with the 
21st century skills that can be developed through specific ICT tools. Our objective is to 
provide a clearer understanding of how ICT can be effectively employed to foster both 
subject mastery and essential modern skills. A systematic search was conducted across 
multiple academic databases, including Google Scholar, Web of Science, and Scopus, 
focusing on publications from the last 5 years. We identified 23 relevant studies and analyzed 
them using qualitative content analysis techniques. Our findings indicate that ICT in physics 
education serves multiple didactic purposes, which align closely with the development of 
21st-century skills. Despite these benefits, the analysis also highlighted a need for more 
research on the psychological and physiological impacts of ICT use in education. The study 
concludes with recommendations for clearly defining the didactic purposes of ICT tools and 
considering their broader implications on student development. 
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Introduction 
 
Modern education in the face of rapid technological advances is faced with the need to 
develop 21st century skills in students. These skills include critical thinking, creative problem 
solving, teamwork and effective communication, and digital literacy. In the context of 
teaching physics, these skills are particularly important because the subject area requires not 
only a deep understanding of fundamental concepts, but also the ability to apply knowledge 
to solve real-world problems closely related to modern technology. The use of information 
and communication technologies (ICT) in physics education has become an effective tool to 
promote the development of these skills, creating conditions for a more interactive, 
exploratory and practice-oriented approach to learning. 
 
In recent decades, steps have been taken in many countries to integrate ICT into physics 
education programmes, resulting in a significant increase in learning and teaching 
opportunities. However, exactly how ICT integration affects the development of 21st century 
skills in pupils and students remains under-researched. The current analysis aims to 
systematise and evaluate the existing research on this topic in order to identify the most 
effective approaches and technologies that contribute to the development of necessary 
competences in physics teaching. 
 
The research question that we have been trying to find an answer to was “How can 
Information and Communication Technologies (ICT) be effectively integrated into physics 
education to simultaneously enhance students' mastery of physics concepts and develop 
essential 21st-century skills such as critical thinking, problem-solving, and collaboration?” 
 
Existing research demonstrates the positive impact of ICT use on the educational process in 
physics, in particular on the development of students' research and experimentation skills. 
Authors such as Wang et al. (2024) and Becker et al. (2020) emphasise the use of mobile 
technology and virtual laboratories for experimentation, which promotes students' 
independent research and critical thinking skills. Rubio-Tamayo et al. (2017) and 
Ramankulov et al. (2016) highlight the role of digital simulations and multimedia in 
developing students' in-depth understanding of physical processes and their real-life 
applications. At the same time, Ouadoud et al. (2017, October) point out the importance of 
learning platforms and learning management systems for organising and structuring learning 
material to enhance topic mastery and develop self-management skills. 
 
Thus, current research substantiates the importance of ICT integration in creating an 
interactive learning environment that supports the development of key 21st century skills. 
However, to date, there is limited work focusing on systematically analysing these 
approaches and their role in physics teaching. The present study aims to fill this gap, thus 
enhancing the understanding of effective methods and technologies in this area, and 
suggesting directions for further research. 
 
Methodology 
 
In order to achieve the research objectives, a comprehensive bibliographic analysis was 
conducted to identify the didactic goals of ICT application in physics teaching and to relate 
them to the 21st century skills that can be developed with the help of various ICT tools. The 
methodology of this study consists of several stages and uses different methods of analysis to 
systematise and interpret the data obtained. 



 

To obtain up-to-date data, a systematic search of major academic databases such as Google 
Scholar, Web of Science and Scopus was conducted, focusing on publications from the last 5 
years. The main keywords and search terms included “ICT in physics teaching,” “21st 
century skills in education,” and “didactic goals of ICT.” After applying inclusion and 
exclusion criteria for relevant studies, 23 articles were selected to meet the aims of this 
analysis. Only articles directly related to the development of 21st century skills through the 
use of ICT in physics education were included. 
 
A qualitative content analysis method was used to structure the data from the selected articles 
to identify the didactic goals of ICT use and map them to specific 21st century skills. First of 
all, each article was analysed in terms of the use of ICT tools such as digital simulations, 
virtual laboratories, learning platforms, mobile applications and multimedia materials. 
Particular attention was paid to the purposes of using these technologies: supporting 
experimental activities, developing critical thinking, and increasing student interaction and 
collaboration. The data were then categorised into categories reflecting the main purposes of 
ICT use and related skills. 
 
Results and Discussion 
 
The qualitative content analysis of the 23 selected publications followed a structured process 
to ensure a thorough and systematic evaluation. The stages of the analysis included data 
preparation, coding, categorization, and interpretation, all aimed at understanding how ICT 
integration in physics education aligns with the development of 21st-century skills. 
 
The 23 publications were collected from databases such as Google Scholar, Web of Science, 
and Scopus, focusing on studies from the last five years. Each publication was reviewed to 
confirm its relevance to the research question, ensuring that it specifically addressed ICT 
integration in physics education or the development of 21st-century skills. 
 
Studies were included based on criteria such as publication date, relevance to ICT tools in 
physics education, and discussion of 21st-century skills. Initial coding is the first step in 
analyzing the data collected from the 23 selected publications. It involves breaking down the 
text into manageable pieces and assigning labels (codes) to capture key ideas, patterns, and 
concepts. 
 
A total of 58 initial codes were identified across the 23 studies. These codes covered a broad 
spectrum of ICT tools and didactic purposes, as well as specific 21st-century skills promoted 
through ICT in physics education. 
 
Codes that appeared frequently or addressed similar concepts were grouped into larger 
categories. This step aimed to create a clearer structure, where related ideas were connected. 
For instance, codes like “Simulations,” “Virtual Labs” and “Interactive Tools” were grouped 
under the broader category “ICT Tools for Conceptual Understanding.” Interpretation and 
thematic analysis is where the refined categories from the focused coding are analyzed in-
depth to identify larger themes, patterns, and relationships across the studies. 
 
In the context of this study, didactic goals refer to the specific educational objectives and 
outcomes that educators aim to achieve through the structured use of instructional methods 
and tools. These goals are centered on the effective teaching and learning of physics 
concepts, facilitated by the integration of ICT. 



 

In Figure 1, the VOSviewer visualization of first-stage articles is presented. The qualitative 
content analysis of the 23 studies reveals that ICT plays a crucial role in physics education, 
particularly in fostering 21st-century skills. Tools such as simulations, virtual labs, and 
collaborative platforms not only enhance students' conceptual understanding but also promote 
the development of essential competencies, including critical thinking, problem-solving, and 
collaboration. 
 

 
Figure 1: VOSviewer Visualization of First-Stage Articles 

 
Information and communication technology (ICT) integration into physics classes has grown 
to be a potent instrument in contemporary education for improving students' acquisition of 
subject-specific knowledge and the development of 21st-century skills. The didactic aims of 
ICT use in physics instruction frequently coincide with the overarching educational goal of 
equipping students with 21st-century skills including digital literacy, creativity, problem-
solving, critical thinking, and teamwork. This comparison examines how the development of 
these crucial skills is influenced by and overlaps with the pedagogical objectives of 
employing ICT in physics instruction. 
 
1. Didactic Goals: Enhancing Conceptual Understanding vs. 21st-Century Critical 
Thinking and Problem-Solving 
 
Improving conceptual understanding is the main didactic objective of ICT integration in 
physics education. Students find it challenging to understand physics' intricate and abstract 
ideas (such as electromagnetic and quantum mechanics) when receiving standard lecture-
based training. By enabling students to observe and change variables in real-time, ICT tools 
like interactive models, virtual laboratories, and simulations help make these abstract 
concepts more concrete. 
 
Specific ICT tools contribute to the development of critical thinking (Haryani et al., 2021) 
and problem-solving skills (Hasanah & Malik, 2019), which are key competencies in the 21st 



 

century. Tools like simulations and virtual experiments enable students to test hypotheses, 
experiment with different scenarios, and analyze data, promoting an inquiry-based approach 
to learning. 
 
For instance, by varying variables like length, mass, and gravity, students can model forces in 
a pendulum experiment in a virtual physics lab. Students are prompted to test hypotheses, 
critically examine the connections between variables, and hone their comprehension in light 
of experimental findings. Comparison: By compelling students to interact with the content, 
the pedagogic goal of improving conceptual comprehension through ICT naturally fosters 
critical thinking and problem-solving skills, even though it is centered on extending 
knowledge of physics. The same ICT tools are used to promote both the educational goal and 
the 21st-century skill of problem-solving, demonstrating a notable overlap in their results. 
 
2. Didactic Goals: Promoting Active Learning vs. 21st-Century Creativity and Innovation 
 
Another didactic goal is to foster active learning through student-centered approaches. ICT 
tools encourage students to take an active role in their learning rather than passively receiving 
information. Tools like interactive simulations, augmented reality (AR) applications, and 
game-based learning environments help students explore physics concepts in ways that are 
engaging and allow for experiential learning. 
 
These same tools promote creativity and innovation by providing students with opportunities 
to approach problems from multiple perspectives and experiment with different solutions. 
Game-based learning (Priyaadharshini et al., 2020), for example, introduces elements of 
design, allowing students to build models or create simulations that represent physical 
phenomena. 
 
For instance, students may create and test various structures to withstand simulated forces in 
an augmented reality environment, encouraging creativity in problem-solving and ingenuity 
in solution design. In contrast: Since ICT technologies like simulations and augmented reality 
allow students to investigate open-ended topics, the pedagogic objective of encouraging 
active learning is in line with the 21st-century abilities of creativity and invention. These 
technologies meet pedagogical and contemporary skill development goals by encouraging 
students to explore, invent, and come up with creative solutions through interactive 
platforms. 
 
3. Didactic Goals: Facilitating Collaborative Learning vs. 21st-Century Collaboration and 
Communication Skills 
 
The integration of ICT in physics lessons also aims to facilitate collaborative learning. 
Through tools such as online learning platforms, collaborative cloud-based applications, and 
discussion forums, students can work together to solve problems, share ideas, and engage in 
group-based experiments or projects. 
 
Collaboration is a cornerstone of 21st-century education (Sutarno et al., 2019), where the 
ability to work in teams and communicate effectively is increasingly important. Tools like 
Google Docs, Zoom, or shared simulations allow students to collaborate across different 
physical locations, promoting both collaborative problem-solving and communication skills. 
ICT platforms help students coordinate tasks, share data in real-time, and debate scientific 
ideas, mirroring real-world scientific collaboration. 



 

As an illustration of contemporary team-based scientific research, students can split tasks, 
upload data, and communicate discoveries in real-time while working on a group project to 
build a physics experiment utilizing a shared web platform. Comparison: The development of 
21st-century communication and collaboration abilities is directly supported by the 
instructional objective of encouraging collaboration through ICT. Students practice skills that 
are critical in both academic and professional contexts by utilizing ICT platforms that 
facilitate shared workspaces and real-time communication. Students' ability to work well in 
teams is developed using the same resources and techniques that are used to accomplish the 
educational goal of collaborative learning. 
 
4. Didactic Goals: Increasing Engagement and Motivation vs. 21st-Century Digital 
Literacy 
 
A crucial didactic goal is to increase student engagement and motivation through the use of 
multimedia and interactive tools. Physics can be perceived as difficult or abstract, but ICT 
tools like animations, video tutorials, and interactive simulations make learning more 
engaging by presenting information in dynamic and accessible ways. These tools help to 
demystify complex topics and keep students motivated. 
 
Through exposure to various ICT tools, students naturally develop digital literacy, which is 
an essential 21st-century skill. Digital literacy involves the ability to use digital tools 
effectively, understand digital content, and critically evaluate the use of technology (Misbah 
et al., 2024). By working with ICT in physics, students become familiar with software, 
simulations, and digital content that they will likely encounter in higher education and 
professional fields. 
 
Example: Students might use a multimedia platform to watch video tutorials on concepts like 
thermodynamics, after which they apply their knowledge through interactive quizzes and 
simulations. This not only boosts engagement but also enhances their digital fluency. 
Comparison: The didactic goal of increasing engagement through ICT aligns closely with the 
development of digital literacy. As students become more engaged through interactive tools, 
they simultaneously acquire the skills needed to navigate and use these technologies. The 
enhanced motivation from engaging multimedia tools fosters a hands-on learning experience, 
where digital literacy is an inherent outcome of the learning process. 
 
Conclusion 
 
In this article, a bibliographic analysis was conducted to explore the didactic goals of using 
ICT in physics education and their relationship to the development of 21st century skills. The 
analysis showed that the greatest attention in the literature is given to the use of ICT to 
enhance students' experimental and research skills and to improve interaction and co-
operation in the learning environment. The study highlighted effective approaches to the use 
of ICT in physics teaching that promote the simultaneous development of subject knowledge 
and competences required in the modern world. However, it was also identified that gaps 
remain in the literature regarding a systematic approach to assessing the impact of ICT on the 
development of selected 21st century skills. 
 
The findings emphasise the importance of further research and the development of 
methodologies that will effectively integrate ICT into physics teaching for students' all-round 
development as well as to enhance their readiness for the digital economy. 
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