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Abstract. This research aims to explore deeper into the perspectives of biology teachers in the Magelang city regarding the crucial of 

TPACK in post-pandemic learning to support the professional development of teachers and create more relevant and high-quality 

learning. The method applied in this research is qualitative interviews. The respondents in this study consisted of 9 biology teachers in 

Magelang city. The TPACK framework is essential for effectively integrating technology, pedagogy, and content, though challenges 

remain in selecting appropriate tools and ensuring student engagement. The COVID-19 pandemic accelerated technology adoption, and 

teachers emphasized the need for continuous training and support to improve technology integration. Overall, with adequate resources 

and training, technology can greatly transform biology learning. 
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INTRODUCTION 

In the modern era of globalization, the landscape of education is undergoing significant transformations, 

driven largely by rapid technological advancements. The demands of the twenty-first-century curriculum now 

go beyond traditional academic knowledge, incorporating essential skills such as digital literacy, critical 

thinking, teamwork, and problem-solving abilities. These competencies are considered fundamental for students 

to thrive in an increasingly interconnected and technology-driven world. As a result, educators are required to 

possess more than just a strong foundation in pedagogical knowledge (PK) and content knowledge (CK). 

Teachers must also develop technological knowledge (TK), which encompasses the ability to effectively 

integrate and utilize technology within the classroom setting. The Technological Pedagogical Content 

Knowledge (TPACK) framework emerges as a comprehensive model that combines the three pillars of CK, PK, 

and TK. Research has demonstrated that the synergy between these components can significantly enhance 

teaching effectiveness by facilitating the seamless incorporation of technology into the learning process. This 

integrated approach not only supports student learning but also equips educators with the tools necessary to 

navigate the evolving educational landscape. 

TPACK provides guidance to teachers in designing interactive, innovative, and relevant learning that meets 

students' needs (Gozali, 2022). Although the City of Magelang has good access to technological devices, and its 

teachers have received adequate technical training, challenges still arise in ensuring the effective integration of 

technology into the learning process. Teachers need to develop their competencies in optimally integrating 

technology, pedagogy, and content according to the characteristics of students and the local context. The great 

potential of Magelang City to develop technology-based learning (Mar’atussolichah et al., 2024) is also 

supported by various government programs that encourage digital education initiatives with the provision of 

supporting facilities (Sukarno & Haryati, 2015). 

Moreover, the COVID-19 pandemic has had a profound impact on the educational landscape, particularly in 

regions such as Magelang. Emphasizes that the pandemic significantly accelerated the adoption of technology 
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in educational settings, making it an indispensable tool, especially for enabling distance learning during periods 

of lockdown and social distancing. As schools transitioned to online platforms, the reliance on technology 

became more apparent and essential than ever before. However, as the world gradually moves into the post-

pandemic era, there are emerging challenges in maintaining the effective and sustainable integration of 

technology into traditional, in-person classroom environments. These ongoing challenges highlight the 

importance of understanding how educators view and utilize the TPACK framework as an effective teaching 

strategy in this new, digital age. It is essential to explore teachers' perspectives on the relevance of TPACK, as 

it can provide valuable insights into the long-term success and evolution of technology integration in education. 

Extensive research has demonstrated that the application of theTPACK framework not only contributes to 

the professional development of educators but also plays a critical role in enhancing student learning outcomes. 

The implementation of TPACK allows teachers to refine their instructional practices by integrating technology 

in a way that complements both their pedagogical approaches and subject-specific content knowledge (Chen et 

al., 2023). This holistic integration fosters a more effective and adaptive learning environment. Moreover, the 

strategic incorporation of technology alongside well-constructed pedagogical methods enables educators to craft 

dynamic, interactive, and student-centered learning experiences that actively engage learners in the process of 

knowledge acquisition. In the context of biology education, the TPACK approach proves particularly valuable 

as it empowers teachers to design more innovative and engaging instructional activities that can stimulate 

curiosity and promote deeper comprehension of complex biological concepts. By blending technological tools 

with appropriate teaching strategies, the TPACK framework facilitates the development of more interactive and 

immersive learning environments that encourage critical thinking, problem-solving, and collaboration among 

students. Furthermore, the integration of technology within the biological sciences classroom helps to create 

opportunities for students to visualize abstract concepts, conduct virtual experiments, and access a wealth of 

online resources, thus enhancing their understanding of the subject in a more comprehensive and meaningful 

way. Through this integrated approach, the TPACK framework not only strengthens teachers' ability to meet the 

diverse needs of their students but also leads to the creation of more engaging, effective, and enriching 

educational experiences. 

This research aims to delve deeper into the views of biology teachers in Magelang City regarding the 

importance of TPACK in learning. Their experiences during the pandemic serve as an important foundation for 

evaluating the relevance and effectiveness of TPACK in the post-pandemic period. By understanding this 

perspective, the research is expected to provide new insights into the application of TPACK to support the 

professional development of teachers and create more relevant and high-quality learning. With an integrated 

TPACK approach, education in the city of Magelang has a great opportunity to continue developing. This 

implementation will not only improve the quality of teaching but is also expected to prepare the younger 

generation to face global challenges. This research makes a significant contribution to understanding how 

TPACK can be effectively adopted by teachers to support more inclusive, adaptive, and innovative 21st-century 

learning. 

 

 

MATERIALS AND METHODS 

The method applied in this research is qualitative interviews to explore the experiences and perspectives of 

biology teachers in integrating technology into learning in grades X, XI, and XII at three high schools in 

Magelang City, namely SMAN 1, SMAN 3, and SMAN 5. This research was conducted in 2023, after the 

COVID-19 pandemic, with the aim of exploring the application of technology in biology teaching post-

pandemic. The respondents in this study consisted of 9 biology teachers, with one teacher from each grade level 

(X, XI, and XII) in each school. 

The researcher used semi-structured interviews, which allowed the researcher to delve into the personal 

experiences and views of the teachers more flexibly. The interviews were conducted by asking 10 main questions 

designed to gain insights into the application of technology in biology teaching and the challenges faced by 

teachers. Here are the 10 interview questions posed to the respondents: 

1. What is your view on the role of technology in supporting biology learning in the current digital era? 

2. In your opinion, how the TPACK concept help teachers integrate technology into biology teaching? 

3. How was your experience using technology for teaching during the COVID-19 pandemic? Did that 

experience change the way you view the use of technology in learning? 

4. What are the main challenges you face in integrating technology, pedagogy, and content in biology 

learning in the classroom? 

5. How often do you use technology, such as digital devices or learning applications, in the process of 

teaching biology? 
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6. How is the training support you received regarding technology mastery for learning? 

Was the training helpful enough in the implementation of TPACK? 

7. What strategies do you use to ensure that the technology used in biology learning can enhance students' 

understanding of the material? 

8. How do you adjust the use of technology in biology learning to the characteristics of students and local 

needs in the city of Magelang? 

9. According to you, what is the greatest benefit of applying TPACK in biology education? Have those 

benefits been felt in your daily practice? 

10. What are your hopes for the development of teacher professionalism in the City of Magelang, especially 

in enhancing the ability to integrate technology through the TPACK framework? 

Data Analysis 
The data obtained from the interviews will be analyzed using thematic analysis techniques, which are 

effective methods for analyzing qualitative data to identify patterns, themes, or main ideas that emerge from the 

respondents' answers. The data analysis process consists of the following steps: 

1. Interview Transcription: All conducted interviews will be transcribed verbatim to ensure that every piece of 

information provided by the respondents is recorded accurately. 

2. Initial Coding: After the transcription is complete, the researcher will conduct initial coding of the interview 

text. This involves assigning codes or labels to parts of the text that relate to specific themes, such as the use 

of technology, challenges in integrating TPACK, or the benefits of using technology. 

3. Grouping Codes into Themes: The identified codes will be grouped into larger themes. For example, codes 

related to the challenges of technology use can be combined into one theme that discusses "the challenges 

of technology integration in biology learning." 

4. Analysis and Interpretation of Themes: After the main themes are formed, the researcher will conduct an in-

depth analysis of each theme. These themes will be compared among respondents to see the general patterns 

that emerge, as well as differing views or experiences relevant to the research context. 

5. Conclusion: From the thematic analysis, the researcher will draw conclusions regarding how technology is 

integrated into biology learning in the City of Magelang, the benefits and challenges faced, and how the 

application of TPACK influences teaching. The results of this analysis will provide important insights into 

the practice of technology use in those schools. 

 

 
RESULTS AND DISCUSSION 

What is your view on the role of technology in supporting biology learning in the current digital 

era? 
Based on research involving 9 teachers as respondents, it was found that technology plays a very important 

role in supporting biology learning in the current digital era. All respondents agreed that the use of digital 

technology is crucial for improving the quality of learning. Technology, according to them, provides ease in 

delivering complex biology material, especially on topics that are difficult to observe or practice directly. The 

use of digital tools such as projectors, multimedia applications, and animated videos allows teachers to explain 

abstract biological concepts or those that cannot be directly observed by students, such as material about viruses 

or the mechanisms of body physiology. Another example, the material about viruses that requires an 

understanding of microscopic particles that cannot be directly observed by students, can be more easily 

understood with the help of technology. Through animated videos or digital 3D models, students can see the 

structure of the virus, how it works, and its interactions with human body cells. This helps students to understand 

concepts that should only be understood theoretically, (Maulana et al., 2022) with more concrete and easily 

comprehensible visualizations. With technology, understanding viruses, which was previously hard to imagine, 

becomes more tangible and accessible for students. 

Technology also greatly aids in the learning process by presenting materials more realistically (Ramaila & 

Molwele, 2022). This is certainly in line with biology learning that involves body mechanisms such as 

respiration, excretion, circulation, and other physiological processes. These materials are generally related to 

processes that cannot be directly observed by students in their daily lives. The use of digital simulations or 

animations allows students to visualize and understand the steps in these physiological processes (Muhazaroh, 

2023). For example, with animations, students can see how blood flows through the circulatory system or how 

oxygen is processed in the body during respiration. This provides a deeper learning experience and helps 

students understand the dynamics within the human body. 
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In your opinion, how does the TPACK concept help teachers integrate technology into biology 

teaching? 
Based on research involving 9 teachers as respondents, it was found that the concept of TPACK greatly 

assists teachers in integrating technology into biology learning. The respondents stated that understanding 

TPACK allows them to effectively integrate knowledge of technology, pedagogy, and content in the learning 

process. This is very important, considering that biology as a subject involves many scientific concepts that are 

difficult to understand without a deep understanding of how to teach them with the appropriate technology. The 

teachers explained that by understanding TPACK, they can choose technology that is appropriate for the biology 

material being taught. For example, in teaching abstract or microscopic concepts such as viruses or cell 

structures, teachers can utilize technology like 3D videos or interactive simulations that help students better 

understand these concepts visually and practically. TPACK also enables teachers to combine effective 

pedagogical methods with supporting technology, thereby creating a more engaging and in-depth learning 

experience. For example, when teaching the mechanisms of respiration or blood circulation, teachers can use 

animations to illustrate these processes in detail, which is difficult to achieve with just verbal explanations or 

static images. 

Teachers can adapt their usage of technology to fit the needs of their students by having a solid understanding 

of TPACK (Saharuddin et al., 2025). The respondents mentioned that with TPACK, they can assess which 

technology is most effective in enhancing students' understanding of specific biology material. In biology 

education, where many topics require detailed explanations and visualizations, such as the digestive or excretory 

systems, TPACK provides a strong foundation for teachers to select the appropriate tools and learning media, 

which will enhance student engagement and understanding of difficult-to-grasp material. However, despite the 

many advantages of TPACK, some respondents also expressed that mastering this concept requires time and 

intensive training. Some teachers still find it difficult to integrate technology in a pedagogical way that meets 

the needs of the biology content being taught. Therefore, they emphasize the importance of continuous training 

and support from schools or educational institutions to enhance understanding of TPACK, so that the use of 

technology in biology learning can be more optimal and effective. 

How was your experience using technology for teaching during the COVID-19 pandemic? Did 

that experience change the way you view the use of technology in learning? 
Based on a study involving 9 teachers as respondents, the experience of utilizing technology for teaching 

during the COVID-19 pandemic offered varied perspectives. Some respondents felt relatively comfortable with 

the integration of technology in online learning. For those already familiar with digital devices, the transition to 

online learning proceeded fairly smoothly. Technology, particularly in the form of online learning platforms, 

videos, and simulations, facilitates the delivery of biology content, such as the concept of viruses or respiratory 

mechanisms that require visual explanations (Roy, 2019). They believe that technology enables them to stay 

connected with students, distribute learning materials, and assign tasks and feedback efficiently. However, the 

majority of respondents expressed that they initially felt overwhelmed by the sudden shift to online learning. 

For teachers who previously prioritized face-to-face methods, adapting to technology posed a significant 

challenge. Some teachers found it difficult to manage online classes, especially when explaining complex 

biology topics that require hands-on demonstrations, such as microscopic observations or laboratory 

experiments. This aligns with the view of (Theodorio et al., 2024), that more creative approaches, such as 

animated videos or interactive simulations, are needed, though some teachers initially struggled to implement 

these methods effectively. 

Over the time, most respondents acknowledged that they were able to adapt more easily, largely due to the 

support provided by the school and the collaboration with fellow teachers and school leaders. The school offered 

technical training and adequate facilities, such as hardware, improved internet connectivity, and more stable 

online learning platforms. This support significantly helped teachers reduce the technical challenges they faced 

during the online learning process. As a result, teachers could focus more on developing teaching materials and 

engaging with students, rather than being preoccupied with technical difficulties. Additionally, the support and 

cooperation among teachers played a vital role in the adaptation process. Some respondents mentioned that they 

frequently shared experiences, strategies, and tips on using technology, which enabled them to more quickly 

master new methods of teaching biology online. Through group discussions or joint training sessions, teachers 

exchanged ideas on the most effective ways to explain complex biology concepts in an online setting. This 

collaborative environment made the adaptation process smoother and more enjoyable for many teachers. 

The experience during the COVID-19 pandemic has also brought significant changes in the perspective of 

most respondents towards the use of technology in learning. Although initially burdened, they now realize that 

technology not only facilitated teaching during emergencies but also has the potential to enhance the quality of 
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learning in the long term. The use of technology provides students with the opportunity to learn more flexibly 

and independently, with access to various learning resources such as educational videos, digital materials, and 

online discussion forums that can be accessed anytime and anywhere (Khong et al., 2023). Thus, the teaching 

experience during the pandemic not only helped teachers adapt to technology but also changed their views on 

the importance of technology in education. Many teachers are now more open to integrating technology into 

their teaching, even after the pandemic has ended. They see technology as an effective tool to enrich students' 

learning experiences, make learning more interactive, and open up opportunities for the development of more 

creative and engaging teaching materials. With a better understanding of technology usage, teachers are 

becoming more confident in implementing various digital tools to support more innovative biology learning. 

 

What are the main challenges you face in integrating technology, pedagogy, and content in 

biology learning in the classroom? 
A study involving nine teacher respondents revealed that the primary challenge in integrating technology, 

pedagogy, and content in biology education lies in selecting appropriate technological tools and aligning them 

with effective pedagogical strategies. Several teachers reported difficulties in identifying the most suitable 

technology for specific biology topics. For instance, highly microscopic concepts such as viral structures or 

respiratory mechanisms require applications or tools capable of delivering detailed and accurate visual 

representations. The challenge for educators is to identify technologies that are not only engaging but also 

enhance students' conceptual understanding of these topics. Furthermore, respondents highlighted challenges in 

merging technology with pedagogical approaches that align with the unique characteristics of biology content. 

Biology education often involves holistic concepts, such as ecosystem dynamics or metabolic processes, which 

demand comprehensive teaching methods. The role of technology should extend beyond information delivery 

to fostering students' ability to comprehend and apply these concepts. Some teachers struggled to balance the 

use of interactive technologies with in-depth instructional methods, ensuring that learning objectives are met 

effectively without compromising the depth of understanding. 

Another challenge faced is the difference in students' abilities to access and master technology. Although the 

infrastructure at the school is adequate, not all students have the same ability to use technology. Some students 

adapt more quickly to digital tools, while others take longer to understand how to use them optimally. This 

requires teachers to adjust their teaching methods to reach all students, both those who are already skilled in 

technology and those who are less accustomed to it. Teachers also need to provide additional guidance or create 

materials that can be accessed in various formats to ensure that every student can follow the lessons well. 

Additionally, the respondents expressed challenges in the limited time to master new technologies and prepare 

for lessons. Although the technological facilities are adequate, many teachers feel pressured by the demands to 

continuously learn and adapt to rapidly evolving learning devices and applications. Teachers find it difficult to 

make use of their limited time to learn the new features of the technology being used, even though a deep mastery 

of technology is crucial for effectively integrating it with content and pedagogy. 

The biggest challenge faced by most teachers is how to maintain student interaction and engagement in online 

learning. Although technology allows for efficient delivery of material, keeping students engaged in learning 

and ensuring they actively participate in discussions or assignments remains a challenge. Some teachers find it 

difficult to maximize the use of technology without losing an important element in the learning process, which 

is direct interaction with students. Therefore, although technology provides many benefits, teachers must 

continue to find ways to balance the use of technology and student engagement in more in-depth biology 

learning. 

 

How often do you use technology, such as digital devices or learning applications, in the process 

of teaching biology? 
A study conducted with nine biology teachers as participants highlights a significant shift in the integration 

and frequency of technology usage in the teaching of biology before and after the onset of the COVID-19 

pandemic. The majority of respondents indicated a substantial increase in their reliance on digital tools, such as 

tablets, computers, and various educational applications, following the pandemic. This transition to frequent 

technology use has been particularly evident in the adoption of online learning platforms, educational videos, 

interactive simulations, and other digital resources designed to support remote learning. These tools have proven 

instrumental in ensuring that students remained engaged with the curriculum, even in the absence of face-to-

face instruction. Prior to the pandemic, the use of such technologies in biology classrooms was limited; however, 

the necessity of adapting to a remote learning environment significantly accelerated their incorporation into 

everyday teaching practices. The integration of technology has not only facilitated the continuity of education 

during periods of physical school closures but also enhanced the delivery of complex and abstract biological 
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concepts. Teachers reported that digital tools, such as simulations and interactive visualizations, have been 

particularly beneficial in clarifying difficult-to-understand topics like viruses, the respiratory system, and 

metabolic processes. These technologies enable more dynamic and detailed explanations, offering students a 

deeper understanding of biological phenomena that may have been challenging to convey through traditional 

teaching methods. Furthermore, the shift towards technology-enhanced teaching has contributed to a more 

personalized learning experience, allowing students to explore topics at their own pace while accessing a wide 

range of educational resources. 

A small proportion of teachers reported that prior to the pandemic, they rarely utilized technology in their 

biology instruction. The majority of these teachers expressed a preference for face-to-face teaching methods, as 

they felt more comfortable delivering biology lessons in person. They argued that direct interaction with students 

facilitated easier explanation of complex biological concepts that required real-time engagement. Several 

teachers emphasized the effectiveness of traditional teaching methods, such as class discussions, experimental 

demonstrations, and the use of the blackboard, in enhancing students' understanding of intricate biological 

topics. At that time, technology was perceived as a supplementary tool, not deemed essential for biology 

education, which focused more on understanding through direct, in-person teaching. However, the respondents 

who favored direct teaching acknowledged that the pandemic compelled them to integrate technology into their 

instructional practices more frequently. As a result, they began to recognize the advantages of using digital tools 

in their teaching. The use of technology provided new, engaging, and interactive ways to present material—

methods that had not been previously considered. Despite initial challenges in adapting to new technologies, 

these teachers reported that the experience broadened their perspectives, revealing the potential of digital tools 

in enhancing biology education. Consequently, they became more open to incorporating technology into their 

future teaching practices, recognizing its potential to offer innovative and dynamic approaches to delivering 

biological content. 

The majority of teachers have now come to fully recognize the critical role that technology plays in enhancing 

the quality of their teaching, especially for subjects or topics that demand complex visualizations or simulations 

that are difficult to achieve through traditional, direct instruction. These teachers have progressively integrated 

various learning applications into their teaching practices, using them to deliver content in a more interactive 

and engaging manner, facilitate online discussions, and provide timely and effective feedback to students. This 

shift towards technology adoption is particularly evident in the context of biology education, where concepts 

such as cellular processes, genetic mechanisms, and ecological systems can benefit greatly from dynamic 

visualizations and interactive simulations. By incorporating these tools, teachers can offer students a richer, 

more immersive understanding of complex biological phenomena that might otherwise be difficult to convey 

through conventional methods alone. As a result, despite some teachers' previous preference for face-to-face, 

traditional instructional methods, the pandemic has significantly altered their approach to teaching. The 

necessity of adapting to remote learning and hybrid environments has fostered a change in mindset, increasing 

the frequency of technology use in biology instruction. Teachers who once favored in-person interaction have 

reported a growing appreciation for the value of digital tools in enhancing learning outcomes. They have 

acknowledged that the integration of technology not only supports remote learning but also enriches in-person 

teaching by offering diverse, innovative approaches to presenting content, engaging students, and providing 

additional resources for deeper learning. Furthermore, this transformation in teaching practices aligns with the 

findings of (Bueno et al., 2023), who asserts that technology has become an indispensable tool in supporting 

biology instruction, both in remote learning contexts and in traditional face-to-face classrooms. According to 

Rafael, the integration of digital tools has proven essential in maintaining educational continuity during periods 

of disruption, while also enhancing the quality of teaching and learning experiences. The pandemic has thus 

acted as a catalyst, encouraging educators to adopt technology more frequently and fostering a deeper integration 

of digital tools into their instructional strategies. This ongoing shift towards technology-driven education is 

expected to continue, as teachers increasingly recognize its potential to offer new, innovative, and effective 

methods of delivering biology content, promoting student engagement, and facilitating a more interactive and 

dynamic learning environment. 

 

How is the training support you received regarding technology mastery for learning? Was the 

training helpful enough in the implementation of TPACK? 
Based on research involving 9 teachers as respondents, the majority stated that the training support they 

received related to technology mastery for learning was very adequate and quite helpful in the implementation 

of TPACK. The respondents expressed that the school leadership provided high support in the training process 

and the development of technological skills for the teachers. The school actively provides training opportunities, 

both internal and external, to enhance teachers' abilities in using technology in biology teaching. This greatly 
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assists teachers in integrating technology with pedagogical approaches and content that aligns with the material 

being taught. 

Several respondents indicated that the training they received encompassed a comprehensive range of aspects 

related to the integration of technology into the learning process, from the utilization of learning applications to 

the innovative use of technology in conveying complex biological concepts. This professional development 

provided educators with the opportunity to familiarize themselves with a diverse array of digital tools and 

platforms that are essential for enhancing biology instruction, including simulations, educational videos, and 

interactive applications. Through this training, teachers not only gained proficiency in navigating and employing 

these technological resources but also developed the confidence necessary to incorporate them effectively into 

their teaching practices. Consequently, the training significantly contributed to the teachers' ability to implement 

the TPACK framework, facilitating a more seamless integration of technology, pedagogy, and content 

knowledge within the classroom setting. The ability to apply TPACK more effectively was particularly evident 

in the teachers’ increased engagement with students and the enhanced learning experiences facilitated by the 

use of digital tools. Overall, this professional development process has proven instrumental in equipping teachers 

with the skills and knowledge required to leverage technology in ways that align with pedagogical goals and 

enhance the teaching of biology. 

The support provided by school leadership is also clearly reflected in the allocation of necessary resources 

to facilitate the integration of technology into teaching practices. This includes the provision of adequate digital 

devices, reliable internet access, and digital learning materials, all of which are essential for effective technology 

use in the classroom. School leadership has shown a strong commitment to fostering the professional growth of 

teachers by actively supporting their initiatives to enhance their technological competencies. This support is 

further demonstrated through the consistent provision of time for training sessions and workshops, which enable 

teachers to refine their skills and deepen their understanding of technology integration. In addition to individual 

professional development, the administration promotes a collaborative environment among teachers, 

encouraging the exchange of experiences, strategies, and best practices related to the use of technology in 

biology instruction. This collaborative culture not only enhances individual teachers' abilities to integrate 

technology but also strengthens the overall teaching community, fostering a shared commitment to improving 

educational outcomes through innovative technological applications. 

While the majority of respondents expressed that the training they received was highly beneficial, several 

teachers noted that it did not comprehensively address all aspects essential for the optimal implementation of 

the TPACK framework. Some teachers reported that the training primarily emphasized the use of specific digital 

tools, without sufficiently focusing on the pedagogical strategies required to integrate technology effectively 

with the content being taught. This gap in coverage led to concerns that while technological proficiency was 

enhanced, the pedagogical integration of technology with the curriculum remained underdeveloped. Despite 

these limitations, the teachers acknowledged that the training provided a solid foundation, enabling them to build 

upon their existing knowledge and continue developing their ability to integrate technology with the appropriate 

pedagogical approaches. Consequently, while the training was a crucial first step, the need for more 

comprehensive professional development that balances technological tools with pedagogical theory and practice 

was highlighted as a key area for future improvement. Overall, the training support provided by the school and 

leadership greatly assists teachers in mastering technology and implementing TPACK in biology teaching. 

Although there are still some areas that need improvement, the majority of teachers feel that the training provided 

has significantly benefited them in enhancing their ability to integrate technology, pedagogy, and biology 

content more effectively. 

 

What strategies do you use to ensure that the technology used in biology learning can enhance 

students' understanding of the material? 
A study involving nine teachers as participants revealed that most educators employ a variety of strategies to 

ensure that technology enhances students' comprehension of biological concepts. One of the most frequently 

employed strategies involves the use of educational videos and interactive simulations. Several teachers 

indicated that they leverage videos to clarify complex and abstract biological concepts, such as cellular 

respiration or virus replication. These educational videos provide students with a visual representation of the 

processes, making challenging material more accessible and engaging. Additionally, interactive simulations are 

incorporated to offer students virtual, hands-on experiences, allowing them to actively engage with biological 

phenomena. For example, simulations enable students to explore and manipulate aspects of the circulatory 

system, thereby deepening their understanding through interactive learning. This combination of visual and 

interactive technological tools not only facilitates the understanding of intricate biological processes but also 
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fosters a more dynamic and engaging learning environment for students. The integration of such technologies 

highlights the potential of digital resources in enhancing biology instruction and improving student outcomes. 

Many respondenses have increasingly adopted quiz-based learning applications or interactive question 

exercises as effective tools for directly assessing students’ understanding of the material. These applications, 

such as Kahoot and Quizizz, allow educators to design engaging quizzes that provide immediate insights into 

how well students comprehend the content being taught. This approach not only enhances the interactivity of 

the learning process but also facilitates the provision of real-time feedback, enabling students to identify any 

misconceptions or errors and correct them promptly. The immediate nature of this feedback helps reinforce the 

learning process, ensuring that students are able to address gaps in their understanding before they progress 

further in the material. In addition to improving students' comprehension, the use of interactive quizzes has been 

shown to significantly boost student motivation. Teachers report that students are more engaged and willing to 

participate in lessons when these quizzes are incorporated, as the competitive and game-like nature of platforms 

such as Kahoot or Quizizz makes learning more enjoyable and dynamic. This increase in student engagement 

can result in more focused attention during lessons, fostering a greater sense of participation and enthusiasm for 

learning. The interactive and competitive elements of these quizzes promote a sense of achievement and 

encourage students to approach learning in a more active and self-directed manner. This approach aligns with 

the research of (David & Weinstein, 2024) and (Agustriana et al., 2022), who emphasize that enjoyable and 

engaging learning experiences contribute significantly to increased student motivation. According to their 

findings, when students find learning to be fun and interactive, they are more likely to invest effort into their 

studies, leading to improved academic outcomes. These findings support the idea that the integration of gamified 

learning tools, such as quiz-based applications, plays a crucial role in enhancing students’ overall learning 

experiences. By combining immediate feedback, interactive content, and increased motivation, quiz-based 

learning applications provide a robust framework for not only assessing but also enhancing students’ 

understanding and engagement with educational material. Consequently, this strategy aligns with contemporary 

pedagogical theories that advocate for the integration of technology to foster active learning environments and 

improve student performance. 

Several respondents reported adopting a blended learning approach, which integrates traditional face-to-face 

instruction with technology-enhanced learning. In this model, teachers dedicate part of the instructional time to 

direct classroom teaching, where they can elaborate on the material in detail and interact with students. The 

remainder of the learning time is spent utilizing technology, such as e-learning platforms, which enable students 

to independently access learning resources. This combination of in-person and online learning allows students 

the flexibility to learn at their own pace while still benefiting from the guidance and support of their teachers. 

By incorporating both face-to-face and digital learning components, this strategy ensures that all students have 

the opportunity to fully understand the material, regardless of whether they are participating in physical or virtual 

learning environments. Some teachers use technology to assign project-based tasks that encourage students to 

apply biological concepts to real-world situations. For example, students may be given assignments to create 

presentations or videos on specific topics in biology, such as ecosystems, evolution, or environmental issues. 

These project-based assignments not only evaluate students’ grasp of the biological content but also engage 

them in developing technological skills, such as creating digital presentations or editing videos. This approach 

ensures that technology is not only used to deliver educational content but also to foster the development of 

important skills needed in today’s digital world. This method aligns with the work of who emphasize that 

technology in education should extend beyond content delivery to include the cultivation of skills that are 

essential for students' success in a technology-driven society. By incorporating technology into project-based 

learning, teachers promote a more hands-on, interactive learning experience, allowing students to engage deeply 

with the subject matter while developing transferable digital skills. Ultimately, the blended learning strategy, 

coupled with project-based assignments, offers a well-rounded educational approach that enhances both content 

mastery and the acquisition of critical 21st-century skills, equipping students for future challenges in both 

academic and professional contexts. 

Several respondents emphasized the importance of using online discussion forums and virtual classes to 

ensure student understanding. They utilize platforms such as Google Classroom or Microsoft Teams to create 

discussion spaces where students can ask questions and discuss the biology material that has been taught. This 

discussion provides students with the opportunity to share their understanding and delve into specific topics that 

may still be confusing. Teachers are also actively involved in this discussion, providing clarifications and 

enriching students' insights with additional explanations, thereby deepening their understanding of the material. 

Overall, the strategies used by teachers to integrate technology into biology learning are very diverse, but they 

all aim to ensure that technology is not only used as a tool for delivering material but also as a means to enhance 
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students' understanding, encourage their engagement, and provide a deeper learning experience (Romano et al., 

2023). 

 

How do you adjust the use of technology in biology learning to the characteristics of students and 

local needs in the city of Magelang? 
A study involving nine teachers as participants revealed that the majority of respondents found it relatively 

easy to adapt the use of technology in biology instruction to the needs and characteristics of the tech-savvy 

Generation Z and Alpha students. Teachers leverage digital devices that are commonly used by students, such 

as smartphones and tablets, to facilitate access to learning materials and interactive quizzes. Given that students 

are already well-versed in using technology, the integration of applications and digital learning platforms, 

including educational videos and simulations, has proven to be highly effective in capturing students' attention 

and fostering greater engagement in the learning process. The familiarity of students with digital tools enhances 

the effectiveness of technology-based learning strategies, making it easier for educators to create interactive, 

compelling learning experiences that resonate with modern learners. Consequently, the use of technology not 

only facilitates content delivery but also plays a crucial role in maintaining student interest and participation in 

the learning environment. 

Several teachers have incorporated social media platforms, which are highly popular among students, such 

as Instagram and YouTube, as part of their teaching strategy to share videos that explain biology concepts in a 

more engaging and accessible manner. These platforms, familiar and easily accessible to students, provide a 

unique opportunity for teachers to create content that is both visually stimulating and easily digestible. Through 

the use of videos, teachers can break down complex biological topics into more manageable segments, 

incorporating visual elements and interactive features that appeal to students’ learning preferences. These 

platforms not only facilitate engagement but also allow students to access educational content in a more dynamic 

way compared to traditional methods. The integration of Artificial Intelligence (AI) in the classroom has 

emerged as another compelling tool to enhance the learning experience. AI offers students innovative ways to 

gather information, making the process of acquiring knowledge faster and more efficient. With AI, students can 

quickly access and process vast amounts of data, enabling them to engage with learning materials in real-time 

and at their own pace. The use of AI in education not only streamlines the research process but also helps in 

personalizing learning experiences, as AI can be used to provide tailored feedback and recommendations based 

on individual student performance. This increased accessibility and ease of use make AI an attractive tool for 

students, as it facilitates more interactive and autonomous learning. This approach to teaching, utilizing social 

media and AI, offers significant flexibility, allowing students to access learning materials anytime and anywhere. 

The convenience of accessing educational content in a relaxed environment, yet still receiving effective 

instruction, supports the learning preferences of modern students. This is particularly beneficial for Generation 

Z and Alpha, who are accustomed to consuming content on-demand and are highly engaged by visual and 

interactive formats. As these generations tend to gravitate toward digital content that is visually rich and 

interactive, the integration of social media platforms and AI in biology instruction is seen as highly effective in 

optimizing their understanding of complex biological concepts. The interactive nature of these technologies 

enhances student engagement, provides opportunities for self-paced learning, and fosters a more personalized 

learning experience, making them well-suited to meet the needs of today’s tech-savvy learners. 

The teachers also adjusts the lessons to the local needs in the city of Magelang by relating biology material 

to the students' daily life context. For example, when teaching ecosystems or the environment, the teacher often 

uses local examples, such as mountain ecosystems or agriculture found around Magelang. This approach makes 

the material more relevant and easier for students to understand, and enriches their learning experience with a 

direct connection to the surrounding environment. 

 

According to you, what is the greatest benefit of applying TPACK in biology education? Have 

those benefits been felt in your daily practice? 
Based on research involving 9 teachers as respondents, most teachers stated that the greatest benefit of 

applying TPACK (Technological Pedagogical Content Knowledge) in biology learning is the ability to 

effectively integrate technology with appropriate pedagogical approaches and relevant content. The application 

of TPACK allows teachers to present biology material in a more engaging and interactive way, utilizing various 

digital tools to visualize concepts that are difficult to understand directly, such as the processes of metabolism, 

respiration, or the structure of viruses. Technology used appropriately helps clarify the material, making it easier 

for students to understand and actively engage in learning. Some respondents also expressed that the benefits of 

implementing TPACK are felt in daily practice, especially in increasing student engagement and making 

learning more enjoyable. By using technology, such as interactive learning applications, educational videos, and 
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simulations, students can learn in a more creative way and are not limited to just textbooks. Teachers find it 

easier to motivate students to learn and understand the material more deeply, because technology provides a 

variety of tools that can be tailored to the different needs and learning styles of students. 

Furthermore, the application of the TPACK (Technological Pedagogical Content Knowledge) framework 

significantly enhances teachers' flexibility in managing both time and teaching methods, whether in face-to-face 

or online settings. By integrating technology into the instructional process, teachers are able to deliver content 

in multiple formats, such as videos, simulations, and interactive quizzes, which accommodates diverse learning 

styles and promotes deeper student comprehension. The ability to present material through various technological 

tools allows for a more dynamic and engaging learning experience, ultimately facilitating better retention and 

understanding of complex concepts. While the initial adoption of TPACK may require considerable time and 

effort, particularly in terms of familiarizing oneself with new technological tools and integrating them into 

established teaching practices, many teachers report that the long-term benefits far outweigh these initial 

challenges. Over time, the use of TPACK enables educators to design more relevant and meaningful learning 

experiences that are closely aligned with the needs of modern students. It allows for the creation of learning 

environments that are not only more engaging but also better suited to fostering critical thinking, creativity, and 

problem-solving skills—skills that are increasingly important in today’s rapidly evolving educational landscape. 

Moreover, the integration of TPACK helps teachers to adapt their instructional strategies based on the specific 

needs of their students, whether they are engaging in traditional classroom learning or remote education. The 

flexibility provided by this framework ensures that teachers can continue to offer high-quality education 

regardless of the mode of delivery. In the long run, teachers who successfully implement TPACK find that it 

not only enhances their teaching effectiveness but also promotes more student-centered learning, where students 

are active participants in their own educational journey. Thus, while the initial implementation may present 

challenges, the sustained application of TPACK empowers educators to create more engaging, interactive, and 

impactful learning experiences, benefiting both students and teachers alike. 

 

What are your hopes for the development of teacher professionalism in the City of Magelang, 

especially in enhancing the ability to integrate technology through the TPACK framework? 
Based on research involving 9 teachers as respondents, most teachers have high hopes for the development 

of teacher professionalism in the City of Magelang, particularly in enhancing the ability to integrate technology 

through the TPACK framework. They hope for more in-depth and continuous training on how to integrate 

technology with appropriate pedagogical approaches in biology teaching. Training that can help teachers further 

understand how to effectively use various digital tools to deliver complex biology material and facilitate students 

in understanding difficult concepts. With the ongoing development of professionalism, it is hoped that teachers 

will be better prepared to face the challenges of integrating technology into learning. 

In addition to advocating for ongoing professional development, respondents also expressed a desire for 

stronger collaboration among teachers in the City of Magelang to share experiences and best practices related 

to the implementation of the TPACK framework. They believe that fostering a collaborative environment would 

allow educators to exchange valuable insights and strategies for effectively integrating technology into their 

teaching practices, particularly within the context of biology instruction. Collaboration plays a critical role in 

expanding teachers' understanding of innovative and contextually appropriate ways to utilize technology in the 

classroom. By engaging in collective discussions, teachers can explore new technological tools, pedagogical 

approaches, and challenges specific to biology education, which can ultimately enhance their overall teaching 

effectiveness. Some respondents specifically hoped that the teacher community in Magelang City could become 

more proactive in organizing workshops, seminars, or discussion forums focused on the application of TPACK. 

These events would provide teachers with opportunities to come together, share their successes and challenges, 

and collaboratively explore how best to incorporate technology into biology lessons. Such gatherings would not 

only facilitate the exchange of practical knowledge but also create a supportive network of educators who can 

learn from one another and continuously refine their teaching methods. Furthermore, the respondents 

emphasized that these collaborative efforts would not only improve individual teaching skills but also contribute 

to a broader, more cohesive approach to technology integration within the local education system. By learning 

from one another and sharing expertise, teachers can collectively enhance their ability to integrate technology 

effectively, making it a more seamless and impactful component of their teaching. In this way, collaboration 

among educators in Magelang City is seen as a key factor in advancing the successful implementation of 

TPACK, ultimately leading to more effective and engaging learning experiences for students. 

The teachers hope that the government and related parties can provide more resources to support the 

development of teacher professionalism in technology integration. This includes providing easier access to 

training, more adequate equipment (García-Martínez et al., 2022). There is a need for a platform that supports 
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collaboration among teachers so that it can be conducted online. With strong support from various parties, 

teachers in the city of Magelang will be better prepared to develop their TPACK skills and create better and 

more relevant biology learning experiences for students. 

 

 
CONCLUSION 

The research highlights the significant role of technology in enhancing biology learning, particularly in the 

digital era, by providing tools like animations, simulations, and interactive platforms that make complex and 

abstract concepts more accessible and engaging for students. The TPACK framework is crucial for effectively 

integrating technology, pedagogy, and content, enabling teachers to create more dynamic and interactive 

learning experiences. However, challenges such as selecting appropriate technological tools, ensuring student 

engagement, and addressing varying levels of technological proficiency among students remain. The COVID-

19 pandemic accelerated the adoption of technology in teaching, shifting perspectives on its importance and 

leading to increased use of digital tools even post-pandemic. Teachers emphasized the need for continuous 

training, collaboration, and support from schools and governments to further develop their TPACK skills and 

improve technology integration in biology education. Overall, the research underscores the transformative 

potential of technology in biology learning, provided that teachers receive adequate training and resources to 

implement it effectively. 
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