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Abstract 

To get science teachers ready for 21st-century 

classrooms, they need to know a lot about how 

technology, teaching methods, and subject matter 

knowledge (TPACK) all work together in the real 

world. This study looks into how ready future 

science teachers at Calabanga Community 

College in the Philippines are to teach well and 

meet current educational standards. The research 

sought to evaluate the TPACK competencies of 

prospective science educators and ascertain their 

readiness for inquiry-based, technology-

enhanced instruction. Utilizing the tenets of 

Constructivism, Connectivism, and Thorndike’s 

Law of Readiness, the study aimed to discern the 

strengths and weaknesses in instructional 

readiness. A descriptive quantitative design was 

utilized, involving 35 mentor evaluations—

consisting of college instructors and cooperating 

teachers—who evaluated pre-service teachers in 

five domains: science content knowledge, 

pedagogical principles, technology integration, 

classroom management, and the interrelationship 

among TPACK elements. Mean scores and 

comparisons between mentor groups were used 

to look at the data. The findings indicated that 

pre-service teachers possessed a commendable 

level of TPACK (overall mean score = 3.87), yet 

they were only moderately prepared to implement 

inquiry-based teaching, formative assessment 

strategies, and adaptive technologies.There were 

no statistically significant differences between 

the evaluations of college instructors and 

cooperating teachers, which means that all 

mentor groups had the same ideas about the 

evaluations. The study concludes that 

foundational TPACK competencies exist; 

however, specific interventions are required to 

augment conceptual fluency and improve 

instructional responsiveness. In response, the 

STEP-UP (Science Teacher Empowerment 

Program – Uplifting Potential) is suggested as a 

structured professional development program 

that focuses on workshops, peer feedback, and 

hands-on learning. These results show how 

important it is to intentionally develop TPACK in 

order to create science teachers who are 

knowledgeable about science, good with 

technology, and adaptable in their teaching.
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INTRODUCTION 

Background and rationale 

The needs of science education in the 21st century have changed what teachers are expected 

to do, especially when it comes to combining technology with teaching and learning. Effective 

teaching no longer depended only on knowing a lot about the subject; it also needed the ability to 

create learning experiences that were inquiry-driven, digitally enhanced, and adaptable to different 

types of learners. In the Philippines, the K–12 curriculum, ASEAN integration, and the global push 

for digital literacy have all made it even more important for science teachers to be knowledgeable, 

flexible in their teaching, and good with technology.  

Even with these changes, many new teachers still didn't have much experience using educational 

technologies in a meaningful way when they started teaching. Their teaching methods were often 

still centered on the teacher, and they didn't have the flexible techniques they needed to encourage 

scientific reasoning, student engagement, and understanding of concepts. This gap between what 

they learned in theory and how they used it in the classroom made people worry about whether 

they were ready to meet the changing needs of science education.  

The Technological Pedagogical Content Knowledge (TPACK) framework offered a 

thorough perspective for assessing teacher proficiency. It focused on the overlap of three main 

areas: technology, pedagogy, and content, and how bringing them all together helped with good 

teaching. TPACK had become known around the world, but it was still not well understood how to 

use it in local teacher education programs, especially in provincial colleges. These institutions 

frequently encountered difficulties in resource accessibility, professional development, and 

exposure to novel instructional models.  

Based on Constructivism, Connectivism, and Thorndike's Law of Readiness, this study 

looked at the TPACK skills of future science teachers at Calabanga Community College. The goal 

was to find out what was good and bad about the teaching, especially in areas like inquiry-based 

learning, formative assessment, and using technology in the classroom. The results led to the 

creation of STEP-UP (Science Teacher Empowerment Program – Uplifting Potential), a structured 

intervention meant to improve conceptual fluency, responsiveness to instruction, and reflective use 

of technology. In the end, the study added to the larger conversation about how to prepare teachers 

by calling for intentional, evidence-based methods that help teachers in the Philippines become 

more scientifically literate, digitally skilled, and adaptable in their teaching.  

 

Review of related literature 

 

Technology has become a key part of teaching in the 21st century, especially in science 

classes where new ways of teaching are often needed to help students understand abstract ideas. 

Mishra and Koehler (2006) came up with the Technological Pedagogical Content Knowledge 

(TPACK) framework, which is a strong way to understand how teachers combine their knowledge 

of content, teaching methods, and technology to make learning experiences that matter. This review 

integrates contemporary literature pertaining to the fundamental domains of TPACK—

technological knowledge, pedagogical knowledge, and content knowledge—along with their 

intersections, emphasizing both international and Philippine studies pertinent to the preparation of 

pre-service science teachers. 
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 Technological Knowledge 

  

  Teachers must now be technologically fluent in order to create interactive, inquiry-based 

learning environments. Boz and Özerbaş (2020) stressed that the beliefs and self-evaluated skills 

of pre-service teachers greatly affect how willing they are to use technology. Memis et al. (2023) 

discovered that although pre-service science teachers acknowledged the significance of digital 

tools, their utilization was superficial, frequently restricted to presentation software rather than 

instruments that promote scientific inquiry. Laius and Pressman (2024) demonstrated that a limited 

number of pre-service teachers recognized the pedagogical potential of ICT, with numerous 

individuals unable to perceive its significance in inquiry-based learning.  

Duan and Exter (2024) investigated idealized notions of technology integration, noting that 

while pre-service teachers displayed enthusiasm, their pedagogical beliefs showed considerable 

variability. Concerns about fairness, safety, and distraction persisted, suggesting that digital 

proficiency must be coupled with critical evaluation. Siregar et al. (2024) and Prachagool et al. 

(2022) demonstrated that, notwithstanding improvements in digital literacy among pre-service 

teachers, challenges such as limited access, diminished confidence, and inadequate institutional 

support continued to hinder substantial integration. 

  

 Pedagogical Knowledge 

  

  Pedagogical knowledge includes the ways that teachers help students learn, keep their 

classrooms in order, and change their lessons. Carlson and Daehler (2019) underscored the 

significance of pedagogical content knowledge (PCK) in customizing instruction to align with 

student cognition. Nevertheless, studies conducted by Juhji and Nuangchalerm (2020) and Adu 

(2020) indicated that numerous pre-service teachers faced challenges in applying pedagogical 

theory to practice, especially in inquiry-based science education. Lekhu (2023) found that beliefs 

about how well teachers could teach were closely linked to how well they were prepared, and that 

there were still problems with classroom management and assessment design in training programs.  

Absolor (2023) emphasized that although pre-service teachers exhibited confidence in 

instructional strategies and classroom management, they demonstrated a deficiency in 

comprehensive curriculum understanding. Weyer et al. (2024) validated that initial exposure to 

pedagogical content in teacher education exerted an enduring influence, while underscoring the 

necessity for longitudinal tracking to evaluate developmental progress over time. 

 

 Content Knowledge 

  

 Knowledge of the subject matter is still the most important part of teaching science well. 

Salinas (2022) advocated for inquiry-based methods courses to enhance scientific comprehension, 

whereas Long et al. (2019) illustrated that microteaching and feedback enhanced content mastery 

and certification results. Talib et al. (2023) identified enduring misconceptions among pre-service 

teachers, especially regarding mathematical and scientific concepts such as rate of change and 

motion. These results corroborated Shulman's (1986) assertion that content knowledge must be 

profoundly intertwined with pedagogical expertise to facilitate student learning. 

 

 

Integration of TPACK Elements 

 

  TPACK is known for combining technology, teaching, and content. Mishra and Koehler 

(2006) asserted that effective teaching arises not from isolated domains but from their 
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convergence. Memis et al. (2023) and Teknowijoyo (2024) found that even though pre-service 

teachers were good at using digital platforms, they often didn't have the reflective practice they 

needed to make sure that the tools they used were in line with their learning goals. Cojorn and 

Sonsupap (2024) emphasized that genuine TPACK integration requires deliberate design and 

contextual awareness, rather than mere operational competence. 

Espinosa et al. (2024) and Kesawan et al. (2024) pinpointed difficulties in classroom 

management, formative assessment, and inquiry facilitation—domains requiring dynamic 

application of TPACK. Investigations conducted by Tanak (2020), Sari and Wulandari (2022), and 

Carré et al. (2023) corroborated the application of inquiry-based and reflective methodologies to 

augment instructional adaptability and professional insight. 

 

 Implications for Philippine Education 

 

  In the Philippines, it is very important to prepare teachers with TPACK. The Philippine 

Professional Standards for Teachers (DepEd Order No. 42, s. 2017) and CHED Memorandum 

Order No. 104, s. 2017 stress the importance of being able to use ICT in the classroom and being a 

good teacher. However, research conducted by Ramos et al. (2020) and Santos & Castro (2021) 

indicated that numerous pre-service teachers still exhibited a deficiency in confidence and practical 

experience in implementing TPACK in actual classroom settings. Antonio (2024) advocated for 

structured interventions and adaptable training models to rectify these deficiencies, particularly in 

provincial colleges where resource accessibility may be constrained. 

 

 

Statement of the problem 

 

This study investigated how prepared pre-service science teachers in an in-depth 

understanding of science concepts, select appropriate teaching strategies and approaches, and using 

technologies and laboratory equipment that suit science lessons.  The result of this study was used 

to design a teacher education training program to strengthen student teachers' TPACK development 

to optimize students' learning experiences and outcomes.  

Specifically, it sought to answer the following questions: 

1. What is the level of Technological, Pedagogical, and Content Knowledge of the science 

pre-service teachers along  

                 1.1 Depth of Science Knowledge 

                   1.2 Teaching and Learning Principles  

                   1.3 Technology Integration into Science Lessons  

1.4 Skills in Classroom Management, Assessment, and Differentiation  

1.5  Interplay Among Technology, Pedagogy, and Content  

2.  What is the extent of Technological, Pedagogical, and Content Knowledge 

preparedness of the science pre-service teachers as revealed by the assessment of the 

mentors along with 

                  2.1 Mastery of Science Concepts and Principles  

                  2.2 Breadth of Pedagogical Strategies  
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                  2.3 Technology Integration to Science Teaching  

2.4 Application of Skills in Classroom Management, Assessment, and 

Differentiation  

      2.5 Integration of TPACK into Science Teaching  

3. What is the significant difference in the level of Technological, Pedagogical, and Content 

Knowledge of the science pre-service teachers between the two groups of mentors? 

4. What is the significant difference in the extent of preparedness of the science pre-

service teachers between the assessment of the two groups of mentors? 

5. Based on the results, what intervention plan can be proposed? 

Hypotheses  

The following hypotheses guided this study:  

1. There is no significant difference in the level of Technological, Pedagogical, and Content 

Knowledge of the science pre-service teachers between the two groups of mentors. 

2. There is no significant difference in the extent of preparedness of the science pre-service 

teachers between the assessments of the two groups of mentors. 

 

MATERIALS AND METHODS 

This study utilized a descriptive quantitative research design to assess the Technological, 

Pedagogical, and Content Knowledge (TPACK) of pre-service science teachers and their readiness 

for classroom instruction. The design was selected to systematically collect mentor evaluations and 

produce empirical data that could guide the formulation of a targeted intervention program. The 

study included 35 mentors who were directly responsible for overseeing pre-service teachers during 

their internships. These mentors included 15 college instructors, such as Teaching Internship 

Coordinators from Calabanga Community College, and 20 cooperating teachers from different high 

schools in Calabanga, Camarines Sur. Their insights were deemed essential in evaluating the 

instructional competencies of the pre-service teachers.  

The researcher created a 50-item Likert scale questionnaire to collect data. Experts in 

education and statistics checked it for accuracy. The instrument was divided into two main parts. 

The first part looked at TPACK in five areas: science content knowledge, pedagogical principles, 

technology integration, classroom management, and the connections between TPACK elements. 

The second part looked at how ready the teacher was to teach using a four-point scale from "Not 

Prepared" to "Fully Prepared."  

The research process started by getting permission from the schools that were going to take 

part and getting approval from the institution. After the instrument was validated, the questionnaire 

was given out online using Google Forms. We gathered, encoded, and organized the answers so 

that we could do statistical analysis on them. The findings subsequently informed the design of the 

STEP-UP (Science Teacher Empowerment Program – Uplifting Potential) intervention plan.  The 

analysis of the data used both descriptive and inferential statistics. We used frequency counts, 

percentages, and weighted means to find out how high TPACK and instructional readiness were 
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overall. Independent samples t-tests were performed at a 0.05 level of significance using SPSS 

software to analyze variations in mentor evaluations. 

 

RESULTS 

Table 1 shows the level of Technological, Pedagogical, and Content Knowledge of the 

science pre-service teachers, along with depth of science knowledge, teaching and learning 

principles, technology integration into science lessons, skills in classroom management, 

assessment, and differentiation, and interplay among technology, pedagogy, and content. This table 

is perceived by the mentors of the pre-service teachers and it was interpreted as emerging, 

developing, proficient, and advanced. 

Table 1.1. The Level of Technological, Pedagogical, and Content Knowledge of the Science Pre-service 

Teachers, along with the Depth of Science Knowledge  

Indicators 
W

M 

Ran

k 

Interpretatio

n 

1.Demonstrates a comprehensive 

understanding of core scientific concepts, 

principles, and theories 

2.83 3 Proficient 

2. Identifies and effectively addresses common 

misconceptions in science. 
2.80 4 Proficient 

3. Possesses a broad and deep knowledge 

based on science relevant to their teaching area 
2.91 1 Proficient 

4. Applies scientific reasoning and critical 

thinking skills effectively. 
2.86 2 Proficient 

5. Displays proficiency in scientific inquiry 

processes and methods. 
2.77 5 Proficient 

General Weighted Mean 2.83  Proficient 

Table 1.1 shows how much Technological, Pedagogical, and Content Knowledge (TPACK) 

science pre-service teachers have, focusing on the Depth of Science Knowledge dimension. The 

general weighted mean of 2.83 showed that pre-service teachers have a good understanding of 

scientific content knowledge that is necessary for effective teaching. The top-rated sign, "Possesses 

a broad and deep knowledge based on science relevant to their teaching area" (WM = 2.91), shows 

that these future teachers know a lot about the subjects they will be teaching. This finding aligns 

with Salinas (2022), who highlighted that inquiry-based science methods courses substantially 

improve pre-service teachers' content mastery and instructional confidence. The second-highest 

indicator, "Applies scientific reasoning and critical thinking skills effectively" (WM = 2.86), 

reinforced the idea that pre-service teachers can get students to think critically and analytically. 

Wangchuk et al. (2023) contend that scientific reasoning is an essential competency for promoting 

conceptual understanding and inquiry in science classrooms, underscoring the significance of this 

skill in teacher preparation. Nonetheless, the least-rated indicators—“Displays proficiency in 
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scientific inquiry processes and methods” (WM = 2.77) and “Identifies and effectively addresses 

common misconceptions in science” (WM = 2.80)—underscore domains necessitating focused 

assistance. These results corroborate the findings of Suprapto (2020), who observed that 

misconceptions endure in the absence of diagnostic strategies and inquiry facilitation skills among 

educators. The literature indicates that although pre-service teachers possess sufficient theoretical 

knowledge, their capacity to convert this into inquiry-based, student-centered instruction is still 

lacking (Tanak, 2020; Carré et al., 2023). Sari and Wulandari (2022) pinpointed prevalent 

instructional challenges, including difficulties in facilitating student inquiries, maintaining 

engagement, and cultivating confidence skills intricately linked to inquiry proficiency. To fill these 

gaps, teacher education programs need to offer scaffolded, hands-on learning experiences that focus 

on formative assessment, strategies for changing concepts, and real scientific investigation. Cojorn 

and Sonsupap (2024) say that to improve TPACK in science education, teachers need to know the 

material well, be flexible in their teaching methods, and be comfortable using technology to help 

students learn more deeply and become more scientifically literate.  

 

Table 1.2. The Level of Technological, Pedagogical, and Content Knowledge of the Science Pre-service 

Teachers along with Teaching and Learning Principles  

Indicators WM Rank Interpretation 

1. Applies a range of effective instructional 

strategies appropriate for diverse learners. 
3.00 1 Proficient 

2. Develops engaging and well-structured 

lesson plans that promote student learning. 
2.97 2.5 Proficient 

3. Demonstrates understanding and 

application of various learning theories. 
2.97 2.5 Proficient 

4. Adapts content representation to meet the 

needs and learning styles of diverse learners. 
2.91 4 Proficient 

5. Anticipates and addresses common student 

understandings and misconceptions. 
2.86 5 Proficient 

General Weighted Mean 2.94  Proficient 

  Table 1.2 showed how much science pre-service teachers knew about technology, teaching, 

and content (TPACK) in relation to the principles of teaching and learning. The overall weighted 

mean of 2.94, which is considered "Proficient," showed that the pre-service teachers had a good 

understanding of the basic teaching methods needed for effective science instruction. The top-rated 

indicator, "Applied a range of effective instructional strategies appropriate for diverse learners" 

(WM = 3.00), showed that they could change their teaching style to fit the needs of different 

students. This finding corroborated Blaz (2023), who asserted that differentiated instruction 

improved engagement and equity in heterogeneous classrooms. The indicators “Developed 

engaging and well-structured lesson plans” and “Demonstrated understanding and application of 

various learning theories” (WM = 2.97) showed that the pre-service teachers could make coherent, 

learner-centered lessons based on solid theoretical frameworks. This aligns with the conclusions of 
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Weyer et al. (2024) regarding the enduring influence of pedagogical knowledge acquired during 

initial teacher training.  

The indicators with the lowest scores—"Adapted content representation to meet the needs and 

learning styles of diverse learners" (WM = 2.91) and "Anticipated and addressed common student 

understandings and misconceptions" (WM = 2.86)—indicated areas that required further 

improvement. These findings support the concerns expressed by Addido et al. (2022), who noted 

that the complexity and counterintuitive nature of various scientific concepts, such as forces and 

motion, often lead to students retaining misconceptions unless explicitly addressed. Shaaban et al. 

(2019) emphasized that pre-service teachers required a profound comprehension of concepts to 

identify and rectify these errors. Numerous pre-service teachers encountered challenges in 

facilitating students' comprehension of science accurately, lacking targeted assistance in conceptual 

change pedagogy and formative assessment strategies.  

The results showed that even though science pre-service teachers were good at basic 

instructional design and pedagogical theory, they still needed to work on their ability to see and fix 

cognitive barriers in student learning. This gap underscored the imperative for teacher education 

programs to integrate diagnostic teaching strategies, conceptual change models, and reflective 

practice into both academic curricula and practical experiences. Carlson and Daehler (2019) argued 

that pedagogical content knowledge (PCK) must be contextualized and aligned with student 

cognition, particularly in science education, where misconceptions are both persistent and intricate. 

If pre-service teachers had been able to get better at these skills, they could have done more than 

just teach procedures; they could have helped their students become more scientifically literate. 

Table 1.3. The Level of Technological, Pedagogical, and Content Knowledge of the Science Pre-service 

Teachers along Technology Integration into Science Lessons  

Indicators WM Rank Interpretation 

1. Possesses the technical skills to effectively 

utilize relevant educational technologies. 
2.97 3 Proficient 

2. Selects and utilizes appropriate online 

resources and digital platforms for science 

instruction. 

3.03 1.5 Proficient 

3. Troubleshoots technical issues effectively and 

independently. 
2.83 5 Proficient 

4. Integrates technology to enhance student 

learning and engagement in science lessons. 
3.03 1.5 Proficient 

5. Evaluates and selects teaching technologies 

aligned with learning objectives and student 

needs. 

2.91 4 Proficient 

General Weighted Mean 2.95  Proficient 

 

   Table 1.3 showed how much science pre-service teachers knew about using technology in 

science lessons in terms of Technological, Pedagogical, and Content Knowledge (TPACK). The 

overall weighted mean of 2.95 showed a "Proficient" level, which meant that the pre-service teachers 

had shown that they were good at using digital tools and platforms in their teaching. The two highest-

rated indicators—“Selected and utilized appropriate online resources and digital platforms for 
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science instruction” and “Integrated technology to enhance student learning and engagement in 

science lessons” (WM = 3.03)—demonstrated their ability to leverage available technologies to 

facilitate student-centered learning. This finding aligned with Memis et al. (2023), which 

emphasized that pre-service teachers recognized the importance of technology in enhancing 

instructional effectiveness and student engagement. 

Even though these indicators were the lowest-ranked, "Evaluated and selected teaching 

technologies aligned with learning objectives and student needs" (WM = 2.91) and "Troubleshot 

technical issues effectively and independently" (WM = 2.83), they still showed that there were gaps 

in important digital literacy and technical independence. These results were similar to what Yoo 

and Jin (2024) found. They said that pre-service teachers were often good with technology on the 

surface, but they didn't have the analytical skills to match tools with different types of learners and 

teaching goals. Also, the fact that they couldn't fix technical problems on their own very well 

showed that they needed more training in how to use technology and solve problems on their own—

skills that are very important for keeping lessons going in tech-rich classrooms.  

The results showed that science pre-service teachers had reached a good level of 

technology integration, but they were not equally ready in all of the important skills. It was clear 

that they were comfortable using digital platforms and online resources, but they still needed to 

work on their ability to critically evaluate tools and solve technical problems. Duan and Exter 

(2024) emphasize that successful technology integration necessitates operational proficiency, 

pedagogical insight, and reflective practice. To make science education technology users more 

flexible and responsive, teacher education programs need to focus on experiential learning, 

scaffolded digital decision-making, and real-time troubleshooting. 

Table 1.4. The Level of Technological, Pedagogical, and Content Knowledge of the Science Pre-service 

Teachers along Skills in Classroom Management, Assessment, and Differentiation  

Indicators WM Rank Interpretation 

1. Maintains a well-organized and positive 

learning environment. 
3.09 2 Proficient 

2. Adapts teaching methods and materials to 

meet the diverse learning needs of students. 
3.09 2 Proficient 

3. Employs a variety of assessment methods to 

accurately gauge student understanding. 
3.03 4.5 Proficient 

4. Demonstrates an understanding of diverse 

learning styles and individual student needs. 
3.03 4.5 Proficient 

5. Utilizes technology to create differentiated 

learning activities based on student needs. 
3.09 2 Proficient 

General Weighted Mean 3.07  Proficient 

  Table 1.4 showed how well science pre-service teachers knew how to use technology, 

teach, and test students in the areas of classroom management, assessment, and differentiation. The 

overall weighted mean of 3.07 showed a "Proficient" level, which meant that the pre-service 

teachers had shown that they could make lessons that worked for all students and set up learning 

spaces that worked for everyone.The highest-rated indicators—“Maintained a well-organized and 

positive learning environment,” “Adapted teaching methods and materials to meet the diverse 

learning needs of students,” and “Utilized technology to create differentiated learning activities 

based on student needs” (WM = 3.09)—showed that they could create fair and responsive 
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classrooms. These results were in line with Blaz (2023), who said that differentiated instruction and 

a positive classroom environment were important for getting students to be more involved and do 

better in science class.  

The indicators that got the lowest scores—"Employed a variety of assessment methods to 

accurately gauge student understanding" and "Demonstrated an understanding of diverse learning 

styles and individual student needs" (WM = 3.03)—showed that more work needs to be done. Even 

though they were still considered proficient, these scores showed that pre-service teachers had not 

yet fully developed their skills in comprehensive assessment literacy or being able to respond to 

individual learning profiles. Kesawan et al. (2024) noted that effective classroom management must 

be accompanied by a nuanced understanding of student variability to ensure substantial learning 

outcomes. Carlson and Daehler (2019) asserted that pedagogical content knowledge (PCK) should 

include the ability to evaluate student cognition using various assessment techniques, especially in 

science, where misconceptions and conceptual gaps are prevalent. The results showed that even 

though science pre-service teachers were good at managing a classroom and adapting lessons to 

different students' needs, they still needed to work on their ability to accurately assess learning and 

meet each student's needs. This gap emphasized the imperative for teacher education programs to 

integrate formative assessment design, reflective practice, and culturally responsive pedagogy into 

their curricula. Weyer et al. (2024) emphasized that early exposure to diverse assessment tools and 

student-centered strategies in teacher preparation significantly influenced pedagogical adaptability 

and enduring instructional effectiveness. If pre-service teachers had been better at these skills, they 

could have made classrooms that were really different. This means that they not only accepted 

diversity, but they also used it to help students learn more about science. 

Table 1.5. The Level of Technological, Pedagogical, and Content Knowledge of the Science Pre-service 

Teachers along with Interplay Among Technology, Pedagogy, and Content 

Indicators WM Rank Interpretation 

1. Demonstrates understanding of how 

technology can transform teaching practices and 

content representation in science. 

2.97 4 Proficient 

2. Effectively evaluates the potential and 

limitations of various technologies in science 

education. 

2.86 5 Proficient 

3. Purposefully integrates technology to support 

learning objectives and enhance student 

understanding. 

3.00 2 Proficient 

4. Utilizes technology to enhance students' 

understanding of complex science concepts. 
3.00 2 Proficient 

5. Uses technology to facilitate scientific inquiry 

and problem-solving in the classroom. 
3.00 2 Proficient 

General Weighted Mean 2.97  Proficient 

 

  Table 1.5 showed how much science pre-service teachers knew about how technology, 

pedagogy, and content work together. The overall weighted mean of 2.97 showed a "Proficient" 

level, which means that the pre-service teachers were able to use digital tools in ways that were 

useful for science content and teaching. The indicators that got the best scores—"Purposefully 
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integrated technology to support learning objectives and enhance student understanding," "Utilized 

technology to enhance students' understanding of complex science concepts," and "Used 

technology to facilitate scientific inquiry and problem-solving in the classroom" (WM = 3.00)—

showed that they could connect technology to learning goals. These findings correspond with the 

research conducted by Teknowijoyo et al. (2024), which indicated that teachers equipped with 

TPACK were more proficient in utilizing technology to facilitate inquiry-based learning and 

enhance scientific reasoning.  

  The lowest-ranked indicators—“Demonstrated understanding of how technology can 

transform teaching practices and content representation in science” (WM = 2.97) and “Effectively 

evaluated the potential and limitations of various technologies in science education” (WM = 

2.86)—identified areas requiring further improvement. These results confirmed the findings of 

Paidican and Arredondo (2022), who noted that many pre-service teachers did not possess the 

evaluative skills necessary to critically assess the pedagogical advantages and disadvantages of 

educational technologies. Without this insight, incorporating technology might have been 

superficial or misaligned with educational objectives. Furthermore, Cojorn and Sonsupap (2024) 

argued that authentic TPACK proficiency required not only operational fluency but also reflective 

discernment in the choice of tools that enrich conceptual depth and cater to learner diversity.  

The results showed that even though science pre-service teachers had a good level of 

TPACK integration, they still didn't fully understand how technology could change things or how 

to judge things. This gap underscored the imperative for teacher education programs to integrate 

reflective practice, technology evaluation frameworks, and scenario-based training into their 

curricula. Mishra and Koehler (2006) initially posited that the efficacy of TPACK derives from the 

interaction among its three domains, rather than their mere coexistence. If this interaction had been 

stronger, pre-service teachers could have made science lessons that were more flexible and based 

on questions, using technology not just as a tool but also as a way to help students learn more 

deeply. 

Table 1.6. The Summary of the Technological, Pedagogical, and Content Knowledge level of the 

science pre-service teachers 

Indicators WM rank Interpretation 

1. Depth of Science Knowledge  2.83 5 Proficient 

2. Teaching and Learning Principles  2.94 4 Proficient 

3. Technology Integration into Science Lessons  2.95 3 Proficient 

4. Skills in Classroom Management, Assessment, and 

Differentiation  
3.07 1 Proficient 

5. Interplay Among Technology, Pedagogy, and Content 2.97 2 Proficient 

 Grand Mean  2.95  Proficient 

 

  Table 1.6 shows a summary of the science pre-service teachers' levels of technological, 

pedagogical, and content knowledge. The top rank was "Skills in Classroom Management, 

Assessment, and Differentiation," with a weighted mean of 3.07, which means that the person was 

proficient. The second rank, "Interplay Among Technology, Pedagogy, and Content," had a 

weighted mean of 2.97, which is also seen as proficient. The third rank, "Technology Integration 

into Science Lessons," had a weighted mean of 2.95, which was also seen as proficient. The fourth 

rank was "Teaching and Learning Principles," which had a weighted mean of 2.94 and was also 



 

 

 

 

 

 
 

613 

Volume 1 Issue 9 (2025) 

seen as proficient. The last rank indicator was "Depth of Science Knowledge," which had a 

weighted mean of 2.83. This is also seen as proficient, even though it was the lowest. The science 

pre-service teachers' technological, pedagogical, and content knowledge level has a grand mean of 

2.95, which means they are proficient. These results showed that the science pre-service teachers 

have a good mix of knowledge and skills that will help them teach science well. The findings of 

the current study align with previous research, demonstrating that pre-service teachers possess a 

high level of proficiency in TPACK. A study at Agusan del Sur State College found a strong link 

between pre-service teachers' 21st Century Teaching Skills and their high level of TPACK (Soncio 

et al., 2024). Likewise, a study involving pre-service English as a Foreign Language (EFL) teachers 

in Turkey revealed that the participants exhibited a generally elevated level of TPACK proficiency 

(Farhadi & Öztürk, 2023; Genç & Dülger, 2024). 

Table 2 presented the extent of Technological, Pedagogical, and Content Knowledge 

preparedness of the science pre-service teachers as revealed by the assessment of the mentors along 

mastery of science concepts and principles, breadth of pedagogical strategies, technology 

integration to science teaching, application of skills in classroom management, assessment, and 

differentiation, and integration of TPACK into science teaching. This table was interpreted as not 

prepared, moderately prepared, somewhat prepared, and fully prepared.  

Table 2.1. The Extent of Technological, Pedagogical, and Content Knowledge Preparedness of the 

Science Pre-Service Teachers along with Mastery of Science Concepts and Principles  

Indicators WM Rank Interpretation 

1. Demonstrates a thorough understanding of science 

concepts and principles relevant to the grade level. 
3.14 1 

Moderately 

Prepared 

2. Clearly and accurately explain complex scientific 

ideas to students. 
2.97 3 

Moderately 

Prepared 

3. Effectively facilitates hands-on investigations that 

enhance critical thinking and problem-solving. 
2.94 4.5 

Moderately 

Prepared 

4. Proactively identifies and addresses common 

student misconceptions in science. 
2.94 4.5 

Moderately 

Prepared 

5. Applies scientific knowledge to real-world 

contexts and examples. 
3.06 2 

Moderately 

Prepared 

General Weighted  Mean 3.01  Moderately 

Prepared 

 

 Table 2.1 showed how well science pre-service teachers were prepared in terms of Technological, 

Pedagogical, and Content Knowledge (TPACK) and their understanding of science concepts and principles. 

The overall weighted mean of 3.01 showed that the people who answered were "Moderately Prepared" on 

all of the indicators that were looked at. The highest-rated item, "Demonstrated a thorough understanding 

of science concepts and principles relevant to the grade level" (WM = 3.14), indicated that pre-service 

teachers had gained foundational content knowledge suitable for instructional delivery. Their ability to 

"Apply scientific knowledge to real-world contexts and examples" (WM = 3.06) also showed that they were 

getting better at linking abstract ideas to real-life situations, which is an important skill for building 

scientific literacy (Salinas, 2022). These results were consistent with Long et al. (2019), who highlighted 

those specific interventions like microteaching and contextualized feedback improved pre-service teachers' 

comprehension of scientific material.  
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The indicators with the lowest scores—"Effectively facilitated hands-on investigations that 

enhance critical thinking and problem-solving" and "Proactively identified and addressed common student 

misconceptions in science" (WM = 2.94)—showed that there were still gaps in how well teachers used what 

they learned in the classroom. The respondents exhibited moderate preparedness; however, their inadequate 

capacity to facilitate inquiry-based learning and identify misconceptions indicated a necessity for enhanced 

engagement with conceptual change strategies and experiential teaching methodologies. Suprapto (2020) 

and Guerra-Reyes et al. (2024) observed that misconceptions in science are frequently entrenched and 

necessitate deliberate instructional design for effective remediation. The results highlighted the necessity 

of integrating diagnostic teaching, formative assessment, and reflective practice into teacher education 

programs to enable pre-service teachers to convert their content knowledge into significant, inquiry-based 

learning experiences. 

 

Table 2.2. The Extent of Technological, Pedagogical, and Content Knowledge Preparedness of the 

Science Pre-Service Teachers along the Breadth of Pedagogical Strategies  

 

Indicators WM Rank Interpretation 

1. Employs various effective instructional 

strategies appropriate for science teaching. 
3.17 1 

Moderately 

Prepared 

2. Designs and implements engaging 

technology-integrated learning experiences. 
3.06 3 

Moderately 

Prepared 

3. Creates effective learning activities that align 

with science content standards and learning 

objectives. 

3.11 2 
Moderately 

Prepared 

4. Anticipates and addresses potential learning 

challenges related to specific science content. 
2.97 5 

Moderately 

Prepared 

5. Adapts instruction based on ongoing 

assessment of student understanding. 
3.03 4 

Moderately 

Prepared 

General Weighted Mean 3.07  Moderately 

Prepared 

 

Table 2.2 showed how well science pre-service teachers were ready to use different 

teaching methods to teach Technological, Pedagogical, and Content Knowledge (TPACK). The 

overall weighted mean of 3.07 showed that the people who answered were "Moderately Prepared" 

on all counts. The highest-rated item, "Employed various effective instructional strategies 

appropriate for science teaching" (WM = 3.17), showed that the pre-service teachers could use 

different ways to teach that worked for both science content and the classroom setting. They could 

"Create effective learning activities that aligned with science content standards and learning 

objectives" (WM = 3.11), which showed that they knew how to make lessons flow smoothly and 

fit with the curriculum. These findings align with Weyer et al. (2024), who emphasized that early 

exposure to pedagogical content in teacher education significantly impacted instructional agility 

and long-term teaching efficacy. 
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The lowest-rated indicators—“Anticipated and addressed potential learning challenges 

related to specific science content” (WM = 2.97) and “Adapted instruction based on ongoing 

assessment of student understanding” (WM = 3.03)—exposed significant deficiencies in diagnostic 

and responsive teaching methodologies. The respondents exhibited moderate preparedness; 

however, their insufficient capacity to foresee conceptual challenges and modify instruction 

according to formative data indicated a necessity for enhanced engagement with assessment-

informed pedagogy. Carlson and Daehler (2019) contended that pedagogical content knowledge 

should encompass the capacity to interpret student cognition and respond adaptively, especially in 

science education, where misconceptions endure. To remedy these deficiencies, teacher education 

programs must integrate scaffolded opportunities for the design of formative assessments, 

reflective practice, and focused feedback. As Absolor (2023) pointed out, it is important to prepare 

teachers to meet the changing and diverse needs of science learners by strengthening their 

pedagogical knowledge through structured intervention. 

 

 

Table 2.3. The Extent of Technological, Pedagogical, and Content Knowledge Preparedness of the 

Science Pre-Service Teachers along Technology Integration to Science Teaching  

 

Indicators WM Rank Interpretation 

1. Selects and evaluates appropriate technology tools 

and resources aligned with learning objectives. 
3.03 4.5 

Moderately 

Prepared 

2. Utilizes technology to represent science content in 

engaging and innovative ways. 
3.14 3 

Moderately 

Prepared 

3. Uses technology to actively engage students in the 

learning process. 
3.23 1 

Moderately 

Prepared 

4. Effectively uses technology to facilitate scientific 

inquiry and exploration. 
3.17 2 

Moderately 

Prepared 

5. Independently troubleshoots minor technical 

difficulties. 
3.03 4.5 

Moderately 

Prepared 

General Weighted Mean 3.12  Moderately 

Prepared 

  Table 2.3 demonstrated that science pre-service teachers were adequately equipped to 

incorporate technology into science instruction, achieving a general weighted mean of 3.12. The 

two indicators that got the most votes were "Used technology to actively engage students in the 

learning process" (WM = 3.23) and "Effectively used technology to facilitate scientific inquiry and 

exploration" (WM = 3.17). These results indicated that pre-service teachers possessed a solid 

understanding of utilizing digital tools to enhance the interactivity and inquiry-based nature of 

science lessons. This aligned with Teknowijoyo's (2024) findings, which emphasized that 

technology-enhanced inquiry cultivates the advancement of profound scientific reasoning and 

engagement among students.  
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The indicators that scored the lowest, "Selected and evaluated appropriate technology tools 

and resources aligned with learning objectives" and "Independently troubleshot minor technical 

difficulties" (both WM = 3.03), showed where things could be better. Pre-service teachers knew 

how to use technology, but they weren't sure how to choose the right tools or fix simple tech 

problems. Yoo and Jin (2024) said that being digitally competent means more than just knowing 

how to use tools. It also means knowing how to match them with learning goals and fix issues. 

Teacher education programs should put more emphasis on teaching students how to use technology 

in science classes in a way that is both useful and smooth. 

Table 2.4. The Extent of Technological, Pedagogical, and Content Knowledge Preparedness of the 

Science Pre-Service Teachers along with Application of Skills in Classroom Management, 

Assessment, and Differentiation  

Indicators WM Rank Interpretation 

1. Creates an inclusive and equitable learning 

environment that fosters student success. 
3.20 1 

Moderately 

Prepared 

2. Designs and implements a variety of assessment 

strategies to evaluate student learning effectively. 
3.09 4 

Moderately 

Prepared 

3. Effectively manages classroom resources, materials, 

and student behavior. 
3.00 5 

Moderately 

Prepared 

4. Differentiates instruction to meet the diverse 

learning needs of learners. 
3.14 2 

Moderately 

Prepared 

5. Uses multiple assessment methods to gain a 

comprehensive understanding of student learning. 
3.11 3 

Moderately 

Prepared 

General Weighted Mean 3.11  Moderately 

Prepared 

   

Table 2.4 demonstrated that science pre-service teachers were moderately prepared to 

employ skills in classroom management, assessment, and differentiation, yielding a general 

weighted mean of 3.11. The indicators that got the best scores were "Created an inclusive and 

equitable learning environment that fostered student success" (WM = 3.20) and "Differentiated 

instruction to meet the diverse learning needs of learners" (WM = 3.14). These results showed that 

the pre-service teachers had a strong understanding of inclusive teaching and adaptive instruction. 

This was in line with what Blaz (2023) said, which was that differentiated instruction helps meet 

each student's learning needs and makes science classrooms fairer.  

The two indicators that got the lowest scores—"Designed and implemented a variety of 

assessment strategies to evaluate student learning effectively" (WM = 3.09) and "Effectively 

managed classroom resources, materials, and student behavior" (WM = 3.00)—showed where 

things could be better. Pre-service teachers appeared to require additional assistance in establishing 

classroom routines and utilizing various assessment tools, despite being somewhat prepared. 

Kesawan et al. (2024) noted that effective classroom management and assessment practices are 

essential for maintaining order and accurately assessing learning. To improve these areas, teacher 

education programs should include more hands-on training in how to handle classroom dynamics 

and create formative assessments that help students learn and grow. 
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Table 2.5. The Extent of Technological, Pedagogical, and Content Knowledge Preparedness of the 

Science Pre-Service Teachers along Integration of TPACK into Science Teaching  

Indicators WM Rank Interpretation 

1. Consistently integrates science content, 

technology, and effective pedagogical approaches 

in teaching. 

3.20 1 
Moderately 

Prepared 

2. Selects and uses technology that enhances 

teaching methods, content delivery, and student 

learning. 

3.14 2.5 
Moderately 

Prepared 

3. Designs technology-integrated learning activities 

that promote higher order thinking skills. 
3.03 4 

Moderately 

Prepared 

4. Uses technology to enhance content delivery and 

increase student engagement and motivation. 
3.14 2.5 

Moderately 

Prepared 

5. Regularly reflects on their teaching practice, 

including technology use and determine areas for 

improvement. 

3.00 5 
Moderately 

Prepared 

General Weighted Mean 3.10  Moderately 

Prepared 

 

Table 2.5 indicated that science pre-service teachers were moderately equipped to 

incorporate Technological, Pedagogical, and Content Knowledge (TPACK) into science 

instruction, achieving a general weighted mean of 3.10. The most highly rated indicator was 

"Consistently integrated science content, technology, and effective pedagogical approaches in 

teaching" (WM = 3.20). This was followed by "Selected and used technology that enhanced 

teaching methods, content delivery, and student learning" and "Used technology to enhance content 

delivery and increase student engagement and motivation" (both WM = 3.14). These results showed 

that pre-service teachers had developed a basic ability to combine scientific content with 

technology and pedagogy in important ways. This aligns with the findings of Cojorn and Sonsupap 

(2024), who contended that effective TPACK integration promotes inquiry-based learning and 

increases student engagement in science classrooms.  

The two lowest-rated indicators were "Designed technology-integrated learning activities that 

promoted higher-order thinking skills" (WM = 3.03) and "Regularly reflected on their teaching 

practice, including technology use, and determined areas for improvement" (WM = 3.00). These 

showed that there was still work to be done. 

 The pre-service teachers were somewhat ready, but they needed more help with creating 

tasks that were mentally challenging and getting into the habit of thinking about their work. 

Teknowijoyo (2024) said that higher-order thinking and reflective practice are important for deep 

learning and making science teaching better all the time. Teacher education programs should thus 

enhance training in lesson design, the integration of critical thinking, and self-assessment to enable 

future educators to utilize TPACK not merely functionally, but also transformative. 
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Table 2.6. The Summary of the Extent of Technological, Pedagogical, and Content Knowledge 

Preparedness of the science Pre-Service Teachers  

Indicators WM rank Interpretation 

1. Mastery of Science Concepts and Principles  3.01 5 
Moderately 

Prepared 

2. Breadth of Pedagogical Strategies  3.07 4 
Moderately 

Prepared 

3. Technology Integration to Science Teaching 3.12 1 
Moderately 

Prepared 

4. Application of Skills in Classroom Management, 

Assessment, and Differentiation  
3.11 2 

Moderately 

Prepared 

5. Integration of TPACK into Science Teaching  3.10 3 
Moderately 

Prepared 

 Grand Mean 3.08  Moderately 

Prepared 

 

  Table 2.6 presents the summary of the extent of technological, pedagogical, and content 

knowledge preparedness of the science pre-service teachers. Data revealed that all indicators were 

moderately prepared with the grand mean of 3.08. It was found out that among five indicators the 

top rank was “Technology Integration to Science Teaching” with 3.12 weighted mean. The second 

rank was “Application of Skills in Classroom Management, Assessment, and Differentiation” with 

3.11 weighted mean. Third rank was “Integration of TPACK into Science Teaching” with 3.10 

weighted mean. The fourth rank was “Breadth of Pedagogical Strategies” with 3.07 weighted mean. 

The lowest rank was “Mastery of Science Concepts and Principles” with 3.01 weighted mean. 

Overall, thi findings suggest that pre-service teachers demonstrate moderate level of preparedness 

in the essential domains of Technological, Pedagogical, and Content Knowledge. This indicates a 

promising foundation however they need to enhance their readiness for effective science teaching 

in technologically enriched environment.  

The comprehensive summary reveals that science pre-service teachers are generally 

moderately prepared across all facets of Technological, Pedagogical, and Content Knowledge 

(TPACK). This implies that even while they are becoming more proficient with technology, they 

have an inadequate core understanding of the very subject area they will be teaching. Although a 

fundamental foundation is in place, more substantial development is required in responsive 

teaching, efficient assessment, and using technology to foster higher-order thinking, as further 

supported by the moderate scores in pedagogical strategies, TPACK integration, and classroom 

management and assessment. In the end, research suggests that improving practical, integrated 

TPACK abilities and strengthening scientific subject understanding should be given top priority in 

teacher education programs. Even highly advanced technical or pedagogical strategies may not be 

sufficient to promote accurate, in-depth learning in future students if they lack a solid understanding 

of scientific principles. 
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Table 3. Significant Difference in the level of technological, pedagogical, and content knowledge of 

the science pre-service teachers between the two groups of respondents 

 tc 𝛼 Df tt Decision Interpretation 

College 

Instructors 

 vs. Cooperating 

Teachers 

-0.321 0.05 14 ±2.145 Accept Ho 
No Significant 

Differences 

 

Table 3 presents the significant difference in the level of technological, pedagogical, and 

content knowledge of the science pre-service teachers between the two groups of respondents. Data 

revealed that the computed value of t(tc) is -0.321, at 5% level of significance. (𝛼) And the degree 

of freedom is 14, the critical t-value (tt) is ±2.145. The computed value of t is less than its critical 

value; thus, the null hypothesis is accepted. Therefore, there is no significant difference among the 

perceptions of respondents on the level of technological, pedagogical, and content knowledge of 

the science pre-service teachers. Both the college instructors and cooperating teachers share similar 

perceptions regarding the TPACK level of the science pre-service teachers. These results implied 

the consistency and alignment in the evaluation criteria of the two groups; thus, it strengthened the 

validity of these findings regarding the pre-service teachers' TPACK level.  

Table 4. Significant Difference in the extent of preparedness of the science pre-service teachers 

between the assessments of the two groups of respondents 

 tc 𝛼 Df tt Decision Interpretation 

College 

Instructors  

vs. Cooperating 

Teachers 

0.167 0.05 14 ±2.145 Accept Ho 
No Significant 

Differences 

 

Table 4 presents the significant difference in the extent of preparedness of the science pre-

service teachers between the assessments of the two groups of respondents- college instructors and 

cooperating teachers. Data revealed that the computed value of t (tc) is 0.167, at 5% level of 

significance. (𝛼) And the degree of freedom is 14, the critical t-value (tt) is ±2.145. The computed 

value of t is less than its critical value; thus, the null hypothesis is accepted. Therefore, there is no 

significant difference among the perceptions of respondents on the extent of preparedness of the 

science pre-service teachers. Therefore, both groups of respondents share a consistent perception 

of the extent of technological, pedagogical, and content knowledge preparedness of the science pre-

service teachers. This finding supports the reliability and consistency of the evaluations of the two 

groups of respondents and suggests a common understanding of the competencies demonstrated by 

the pre-service teachers across the assessed indicators. 

DISCUSSION 

The study's results showed that the pre-service science teachers at Calabanga Community 

College had a good level of Technological, Pedagogical, and Content Knowledge (TPACK) overall. 

Their readiness to teach science well, on the other hand, was only rated as moderate. They were 
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good at things like managing a classroom and making sure everyone got the same amount of work, 

but they had trouble with inquiry-based instruction, formative assessments, and using adaptive 

technologies. These findings indicated that while foundational knowledge existed, the capacity to 

implement it in dynamic, student-centered learning environments necessitated additional 

development.  

Mentor evaluations, sourced from both college instructors and cooperating teachers, 

revealed no significant discrepancies, suggesting a consensus regarding the pre-service teachers’ 

strengths and weaknesses. This consistency made the assessment more reliable and showed that we 

need to work together to improve instructional readiness.  

The results were in line with what other studies had found about the same gaps in teacher training. 

Memis et al. (2023) and Laius & Pressman (2024) discovered that although pre-service teachers 

frequently possessed robust content knowledge, they encountered difficulties in incorporating 

technology in pedagogically significant manners. Duan & Exter (2024) contended that digital 

fluency should encompass not only fundamental tool utilization but also critical assessment and 

alignment with educational objectives—domains in which study participants exhibited moderate 

competence. It was hard to deal with students' misunderstandings and create assessments that were 

different for each student. This was similar to what Suprapto (2020) and Carlson & Daehler (2019) 

found, who stressed how important diagnostic teaching and pedagogical content knowledge are in 

science education.  

The study made it clear that teacher education programs need to have specific interventions. The 

proposed STEP-UP (Science Teacher Empowerment Program – Uplifting Potential) sought to 

rectify these deficiencies through workshops, peer evaluation, and experiential learning centered 

on conceptual fluency, instructional adaptability, and reflective technology integration. This 

method provided a feasible strategy for improving TPACK skills and ensuring that teacher training 

meets the needs of 21st-century science education.  

Although the study made valuable contributions, it was constrained by its sample size and 

geographical focus, concentrating exclusively on mentors from Calabanga Community College and 

adjacent high schools. There may have been bias because the data came from self-reports, and the 

descriptive design didn't let us figure out what caused what. Moreover, the absence of classroom 

observations and longitudinal tracking constrained the analytical depth. Future research could 

improve its findings by utilizing larger samples, mixed-method approaches, and longitudinal 

designs to accurately document the progression of TPACK competencies over time. 

 

Conclusion 

This study examined the Technological, Pedagogical, and Content Knowledge (TPACK) 

of pre-service science teachers at Calabanga Community College and evaluated their preparedness 

for effective science instruction. The results showed that the participants had a good level of 

TPACK in all five areas: science content knowledge, pedagogical principles, technology 

integration, classroom management, and the relationships between TPACK elements. However, 

they were only moderately ready to teach. They had a lot of trouble with inquiry-based instruction, 

formative assessments, and adaptive technologies in particular.  

The minimal differences between the evaluations of college instructors and cooperating teachers 

indicated a consensus on the pre-service teachers' competencies, thereby improving the 

assessment's reliability. These findings indicated that organized interventions are necessary to 
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bridge the disparity between individuals' knowledge and its practical application. In response, the 

study proposed the STEP-UP (Science Teacher Empowerment Program – Uplifting Potential), a 

professional development framework designed to enhance conceptual fluency, instructional 

responsiveness, and reflective technology integration. The program emphasized experiential 

learning, peer feedback, and scaffolded inquiry to enhance TPACK skills in authentic teaching 

contexts.  

Because of the study's limitations and scope, it is best for future research to use a bigger 

sample size and follow TPACK development over time during the internship phases. Mixed-

method approaches that incorporate classroom observations and student performance data would 

enhance our understanding of the impact of TPACK on instruction. Moreover, teacher education 

institutions may consider incorporating reflective practice, formative assessment design, and 

technology evaluation frameworks into their curriculum to ensure that pre-service teachers are not 

only proficient in theory but also adaptable and responsive in practice. 
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