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ABSTRACT 

The government's action to improve the quality of education is carried out by initiating an independent learning 

curriculum. The 21st century skills are skills related to critical thinking, creative thinking, innovation, problem 

solving, communicative and collaborative. These abilities can be trained and developed in teaching and learning 

activities at school. To train and develop these abilities, a big role is needed from educators. Educators should 

master four competencies which include professional, personality, pedagogical and social competencies. The 

framework that can facilitate the four competencies, especially pedagogical and professional competencies, is 

Technological, Pedagogical and Content Knowledge (TPACK). Mastery of TPACK is very important to be 

owned by educators and prospective educators, including pre-service teacher professional education students of 

the UNESA PGSD Study Program, who are prospective elementary school teachers. The aim to be achieved in 

this study is to describe the Technological, pedagogical and content knowledge (TPACK) abilities of pre-service 

teacher professional education students of PGSD Study Program in the Perspective of Mastery of 21st Century 

Skills. The urgency of this research is as a reference for developing a professional elementary school teacher 

candidate program. This research is descriptive which is exploratory in nature to explore the TPACK knowledge 

of pre-service teacher professional education students who are prospective elementary school teachers. Data 

collection techniques were carried out using test and FGD methods. The data analysis technique uses the Miles 

and Huberman model. which includes data collection, data condensation, data presentation and conclusion 

drawing. Triangulation of data using triangulation of sources and techniques 

Keywords— TPACK, 21st Century Skills, Pre-service Teacher Professional Education Students 

INTRODUCTION 

Improving the quality of education in Indonesia continues to be pursued through various strategic policies, one 

of which is through the implementation of the Merdeka Belajar Curriculum. This curriculum aims to produce a 

superior generation that is adaptive to the times and able to face global challenges (Hunaepi & Suharta, 

2024),(Hadi et al., 2023). The main essence of the Merdeka Belajar Curriculum is to provide freedom of thought 

for teachers and students. With this freedom, students can develop cognitive, affective, and psychomotor 

potential, while teachers have the space to innovate in learning. Another positive impact of this curriculum is 

the improvement of students' self-quality, self-confidence, and social care (Mustaghfiroh, 2020). Therefore, 

Merdeka Belajar Curriculum is considered in line with 21st century skill needs. 

21st century skills include critical thinking, creativity, problem solving, communication, and collaboration. 

These skills are important provisions for students to be able to compete in the era of the Industrial Revolution 
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4.0 and adapt in social life. Recent research shows that the Project-Based Learning model is effective in fostering 

4C skills (critical thinking, creativity, collaboration, communication) in students from an early age (Shiddiq et 

al., 2024). In addition, the STEAM-PjBL approach is proven to strengthen 21st century skills through cross-

disciplinary project-based learning (Suryaningsih et al., 2024). This confirms that teachers play an important 

role in designing learning that not only transfers knowledge, but also encourages the development of higher 

order thinking skills (HOTS). 

In the context of teacher professionalism, Law No. 14/2005 on Teachers and Lecturers emphasizes that educators 

must master four competencies, namely pedagogical, professional, personality, and social (Fatma Yulita et al., 

2025). One framework that supports the strengthening of pedagogical and professional competencies is 

Technological, Pedagogical, and Content Knowledge (TPACK). This framework emphasizes the integration of 

mastery of technology, content, and pedagogical strategies so that learning is more relevant to the needs of the 

21st century. Research showed that TPACK integration can improve content and technology mastery while 

strengthening teachers' confidence in designing lessons (Rahayu et al., 2024), (Arifuddin et al., 2025). Recent 

studies have also revealed that micro-teaching activities play a significant role in improving the TPACK skills 

of student teachers (Humaera et al., 2024). 

However, although research on TPACK is growing, the focus of studies on the pre-service realm, especially Pre-

service education students in the PGSD Study Program, is still limited. In fact, Pre-service education students 

are prospective elementary school teachers who are expected to be able to implement the Merdeka Curriculum 

while fostering 21st century skills in students (Husnul Haq & Wakidi, 2024). Research trends show that there 

are new dynamics in the integration of TPACK in Indonesia, especially regarding the implementation of the 

Merdeka Curriculum (Utari et al., 2025),(Feifei & Abdullah, 2023). Therefore, it is very important to explore 

the TPACK abilities of Pre-service education students in the PGSD Study Program to fill this void. 

In addition, the development of digital technology has significantly changed the paradigm of education. The 

presence of technology is no longer just a tool, but the main means in 21st century learning. Teachers are now 

required to have qualified digital literacy in order to design technology-based learning according to the needs of 

students. Research asserts that the use of Artificial Intelligence (AI) in learning has proven effective in improving 

creativity, collaboration, and critical thinking skills of elementary school students (Susanti, 2025),(Prayoga et 

al., 2025). This condition shows that mastering TPACK for prospective teachers cannot be delayed, considering 

that technology is increasingly becoming the core of the modern learning process. 

Changes in teacher competency needs require universities, especially PPG organizing institutions, to provide 

comprehensive provisions for pre-service students. Research showed that micro-teaching activities have a major 

role in strengthening pedagogical skills as well as technology integration. Through this activity, student teachers 

can practice TPACK skills in a simulated situation so that they are better prepared when they go directly to 

school (Humaera et al., 2024). Thus, the exploration of Pre-service education students' TPACK skills is not only 

academically important, but also practical in supporting their readiness as prospective professional teachers. 

Furthermore, mastery of TPACK has been shown to have a close relationship with the development of 21st 

century skills in students. Research in a systematic review found that TPACK facilitates collaborative learning, 

utilizes interactive technology, and encourages students to think critically (Humaera et al., 2024),(Ma et al., 

2024). This is in line with the objectives of the Merdeka Curriculum, which emphasizes students' freedom, 

creativity, and active participation in the learning process. Therefore, research on the TPACK of Pre-service 

education students in the PGSD Study Program is very relevant to determine the extent of their readiness to meet 

the demands of the curriculum. 

In addition to TPACK, teachers also need to have sensitivity to the characteristics of elementary school students. 

Another research explained that STEAM-based learning is able to integrate various disciplines while still paying 

attention to students' cognitive, social and emotional development (Mussey, 2022),(Thi Nho & Thi Thiep, 2024). 

This emphasizes that prospective teachers need to master innovative learning models that can accommodate 

students' needs holistically. In this case, TPACK serves as a framework that brings together technology, 

pedagogy, and content, so that teachers can adjust teaching strategies according to the diverse characteristics of 
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students. 

Finally, research on the exploration of the TPACK abilities of Pre-service education students in the UNESA 

PGSD Study Program has a strong urgency. The results of this study are expected to not only provide theoretical 

contributions, but also become material for evaluation as well as development of the PPG curriculum. With a 

good understanding of TPACK, prospective teacher students can improve their professionalism, support the 

implementation of the Merdeka Curriculum, and contribute to producing a generation with resilient and adaptive 

21st century skills. 

METHOD 

This study used an exploratory descriptive approach with the subject of 30 PPG Pre-Service students of PGSD 

Study Program at Surabaya State University. Data were collected through TPACK learning performance, Focus 

Group Discussion (FGD) which explored the results of student learning practices and interviews. Data analysis 

used the Miles & Huberman model which includes four stages: data collection, data condensation, data 

presentation, and conclusion drawing (Santika et al., 2023) . Data validity was tested through source triangulation 

and technique triangulation. 

Data Collection Instruments and Procedures 

Three main instruments were used to collect data: 

1. Questionnaire on TPACK and 21st Century Skills – The questionnaire consisted of 20 items covering seven 

TPACK domains (TK, PK, CK, TPK, TCK, PCK, and TPACK integration) and four 21st-century skill 

domains (communication & collaboration, creativity & innovation, critical thinking & problem-solving, and 

digital literacy). Each item used a five-point Likert scale (1 = strongly disagree to 5 = strongly agree). 

2. Validity and Reliability: The questionnaire underwent expert validation by three university lecturers 

specializing in educational technology and pedagogy. The content validity index (CVI) reached 0.87, 

categorized as “high,” and internal consistency reliability was tested using Cronbach’s Alpha = 0.91, 

indicating strong reliability. 

3. Classroom Observation Sheet – Used to evaluate how participants applied TPACK principles during their 

microteaching sessions and school practice. The observation focused on indicators of technological 

integration, pedagogical strategy, and content relevance. Two observers conducted the evaluations to 

enhance inter-rater reliability, achieving a Cohen’s Kappa value of 0.82, which indicates substantial 

agreement. 

4. Focus Group Discussion (FGD) and Semi-Structured Interviews – Conducted to gain qualitative insights 

into students’ experiences, perceptions, and challenges in applying TPACK. FGDs were organized in groups 

of five to seven participants and lasted approximately 60–90 minutes per session. Interview guides were 

developed based on themes emerging from questionnaire responses. 

Data Analysis Techniques 

Data were analyzed using the Miles & Huberman interactive model, which includes (Asipi et al., 2022),(Mustadi, 

Wibowo, et al., 2024),(Erislan, 2023): 

(1) Data collection, 

(2) Data condensation, 

(3) Data display, and 

(4) Conclusion drawing and verification. 
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Quantitative data from the questionnaire were analyzed using descriptive statistics (mean, standard deviation, 

and category interpretation), while qualitative data from FGDs and observations were coded thematically. The 

integration of quantitative and qualitative findings followed a convergent parallel mixed-method logic, allowing 

both data strands to complement each other for a more comprehensive understanding. 

Data Validity and Triangulation 

Data credibility was ensured through triangulation of sources (questionnaire, observation, FGD) and 

triangulation of methods. Triangulation is widely recognized as a key strategy for enhancing the credibility, 

validity, and trustworthiness of research findings by integrating multiple data sources (such as questionnaires, 

observations, and focus group discussions) and methods (qualitative and quantitative) (Noble & Heale, 2019), 

(Santos et al., 2020), (Vivek et al., 2023). When findings from various sources and methods converge, this 

strengthens the credibility of the conclusions; however, even when data diverge, triangulation provides a 

framework for understanding inconsistencies and identifying areas for further investigation (Campbell et al., 

2020), (Kern, 2018) 

FINDING AND DISCUSSION 

A. Finding 

Learning outcomes that apply TPACK in differentiated learning of the first group on behalf of : Difky Aldi 

Mahendra, a student of pre-service teacher professional education, PGSD study program. 

This learning observation was conducted to analyze the implementation of Technological, Pedagogical, and 

Content Knowledge (TPACK) in teaching and learning activities in the classroom. The implementation of 

TPACK is one of the important demands for prospective teachers in integrating mastery of technology, 

pedagogy, and learning content harmoniously. This observation activity focuses on how educators utilize digital 

technology as a presentation medium, manage the class interactively, and link learning materials with relevant 

pedagogical strategies. 

In the implementation, teachers are seen utilizing projector technology to present materials visually. This 

supports the technological knowledge (TK) aspect, where digital media plays a role in clarifying the information 

presented (Al-Rahmi et al., 2023). Furthermore, teachers use a small group discussion approach to actively 

engage students. This strategy reflects pedagogical knowledge (PK) which emphasizes student involvement in 

building knowledge through interaction and collaboration. 

In terms of content knowledge (CK), teachers try to explain the material according to the structure and context 

of ongoing learning (Hastie, 2022). The material is presented systematically, then connected to real life to make 

it more meaningful to students. The integration of these three aspects shows that TPACK can facilitate the 

creation of learning that is more interesting, contextual, and in accordance with 21st century needs. 

In general, the observation results show that the application of TPACK is able to increase student activeness, 

clarify concept delivery, and strengthen collaborative skills. However, development is still needed in the aspect 

of creativity in using digital learning media and strengthening technology-based evaluation. This is important so 

that learning is not only informative, but also transformative in fostering critical, creative, communicative, and 

collaborative thinking skills (4C). 
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Fig. 1 Exploring the TPACK abilities of pre-service teachers in an active discussion, essential for mastering 

21st century skills. 

  

Fig. 2 Collaboration and communication sessions, reflecting efforts to develop TPACK and 21st century skills 

for future educators. 

 

Fig. 3 Interactive learning activities as part of efforts to improve the TPACK of Pre-service education students, 

in line with the demands of 21st century skills. 
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Table 1 Indicators of TPACK Components Observed in Teaching Practice 

Code Indicator Description 

TK 1 Insights related to technology both low-

tech (paper, pencil, etc) and digital 

technology (software, internet, etc). 

In the learning process carried out by the 

teacher, it is already low-tech. Because the 

process already features digital technology. For 

example, the teacher displays a learning video 

through a projector in the classroom. 

TK 2 Insights related to the ability to use 

technology. 

In the learning process, teachers have used 

technology in learning well and correctly. 

TK 3 Mastery in using technology as a tool for 

communication, goal achievement and 

problem solving. 

In the learning process, teachers have mastered 

the use of technology through learning videos 

played through projectors so that they can help 

teachers achieve learning objectives. 

 

PK 1 

Insights related to learning methods and 

procedures. 

In the learning process, teachers have done 

differentiated learning. The differentiation that 

teachers choose is process differentiation. 

 

PK2 

Mastery of student learning strategies, 

class mastery, ability to design learning 

and ability to evaluate learning. 

In the learning process, teachers have mastered 

various things, namely in applying student 

learning strategies, class mastery, ability to 

design learning and ability to evaluate learning. 

 

CK1 

Insights related to learning materials that 

include facts, concepts, theories and 

procedures. 

In the learning process, the teacher has mastery 

in explaining the learning material. This can be 

proven by the teacher has included elements of 

facts and also procedures into the learning 

material "decorative drawing". 

 

TP1 

Insight into the shift in learning strategies 

and procedures due to the use of 

technology. 

During the learning process, teachers only use 

technology in the form of learning videos as a 

means of supporting their learning. 

 

TCK 

1 

Insights relating to the use of technology 

to create new representations of learning 

materials and help students understand 

those materials. 

During the learning process, the teacher has 

made new representations systematically so that 

students understand the material that the teacher 

has delivered. 

 

TCK 

2 

Insights relating to how to select the best 

technology that can be used to achieve 

learning objectives. 

During the learning process, teachers have 

chosen the best technology to use in achieving 

learning objectives, namely using learning 

videos. 

 

TCK 3 

Insights relating to the effectiveness of 

using technology for learning materials 

and vice versa. 

The selection of learning videos used by 

teachers is effective because the target is low-

grade students who like pictures so that learning 

looks more interesting. 
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Code Indicator Description 

 

PCK 1 

Insights relating to learning development 

strategies with the incorporation of 

learning materials and pedagogy. 

In the learning process, teachers have used 

development strategies that have systematic 

learning objectives and have evaluation 

activities. Teachers also cover pedagogics 

during learning. In the learning process, 

teachers have used development strategies that 

have systematic learning objectives and have 

evaluation activities. Teachers also cover 

pedagogics during learning. 

Questionnaire results 

The results of the questionnaire given to 30 Pre-service education students in the PGSD Study Program show an 

overview of their ability to answer 20 statement items related to aspects of Technological, Pedagogical, and 

Content Knowledge (TPACK) in the perspective of 21st century skills. Each item is filled in with a score range 

of 1-5, where a high score indicates a better level of mastery or agreement with the statement given. 

 

In general, the questionnaire results show that the TPACK ability of Pre-service education students in the PGSD 

Study Program is in a fairly good category, with variations in the level of mastery between aspects. Based on 

the average score, the Pedagogical Knowledge (3.63) and Communication & Collaboration (3.50) aspects 

occupy the highest position. This shows that students have readiness in designing differentiated learning and are 

able to build positive collaborative interactions with students. These two aspects reflect that students have 

sufficient understanding of 21st century learning principles that emphasize communication and collaboration. 

Meanwhile, aspects of Digital Literacy (3.40) and Technological Knowledge (3.37) also showed good results. 

Students are accustomed to using digital technology in the learning process and have adequate digital literacy, 

although they still need to improve in terms of ethical use of technology and technical problem solving skills. 

This finding is in line with the demands of the Merdeka Curriculum, which encourages teachers to integrate 

technology intelligently and responsibly in the teaching and learning process. 

In the Creativity & Innovation aspect (3.23), students show openness to digital innovation, but still tend to be 

passive in creating new learning media. This shows that they more often adapt the technology that is already 

available rather than developing their own innovations. Similarly, the TPACK Integration aspect (2.93) shows 
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that most students are still at an early stage in integrating technology, pedagogy and content elements thoroughly. 

The aspects with the lowest scores were Content Knowledge (2.87) and Critical Thinking & Problem Solving 

(2.79). The low scores on these two aspects indicate that prospective teachers still need to deepen their mastery 

of teaching materials and improve their critical thinking and contextual problem solving skills. This is an 

important note, because strong content mastery and higher order thinking skills are the basis for designing 

meaningful learning for elementary school students. 

Overall, the questionnaire results illustrate that students have shown good potential in mastering TPACK and 

21st century skills, especially in terms of pedagogy, collaboration, and digital literacy. However, strengthening 

is still needed in the aspects of content mastery, creativity, and technology integration in project-based learning 

and problem-based learning (PBL). These results are an important basis for the PPG program to design training 

interventions, reflective guidance, and technology-based microteaching so that prospective elementary teachers 

are increasingly ready to face the demands of the Merdeka Curriculum and adaptive, innovative, and 

collaborative 21st century learning. 

DISCUSSION 

The findings from this study provide a comprehensive overview of the TPACK profile of Pre-service education 

students in the PGSD Study Program, illustrating both their strengths and developmental needs in mastering 

21st-century skills. The overall trend shows that participants demonstrate adequate pedagogical competence and 

technological awareness, yet their mastery of content knowledge and critical thinking remains comparatively 

limited. This disparity reflects deeper structural and contextual challenges in pre-service teacher education 

within Indonesia. 

The observation results show that teachers have begun integrating technology in learning through the use of 

projectors to display materials visually. The use of digital media has proven effective in increasing student 

attention and clarifying concepts presented, aligning with the findings of Prytyka who emphasized that 

interactive technology enhances student focus and comprehension (Prytyka, 2023). However, creativity in media 

use remains limited, as most teachers prefer simple presentation-based technologies over innovative digital tools 

that promote active engagement. This indicates that technological knowledge (TK) among pre-service teachers 

is still in a transitional phase adequate for basic instructional delivery but not yet transformative in shaping 

interactive learning experiences. 

The strong performance in pedagogical knowledge (PK), as seen in the effective use of group discussion and 

classroom management strategies, reflects that participants are competent in student-centered approaches that 

foster collaboration and communication. Such pedagogical behavior aligns with 21st-century learning paradigms 

emphasizing engagement and active participation (Suryaningsih et al., 2024) Nevertheless, the findings also 

suggest that pedagogical innovation particularly through problem-based or project-based learning has yet to be 

fully integrated into their practice. Teachers tend to prioritize curriculum coverage and structured tasks over 

inquiry or reflective dialogue, potentially limiting opportunities for critical and creative thinking to develop 

(Lorenzana & Roleda, 2024). 

From the content perspective, teachers generally demonstrate basic mastery of the learning material, such as in 

the topic of “decorative drawing.” They can convey facts and procedures accurately, indicating solid 

foundational knowledge. However, this content knowledge (CK) remains procedural rather than conceptual. 

Teachers rarely connect subject matter to interdisciplinary or real-life contexts, as highlighted by Zhao & 

Abdullah, who argued that integrating STEAM-based and problem-oriented learning enhances the relevance of 

material while fostering creativity (Zhao & Abdullah, 2025). The limited integration observed in this study 

suggests that the PPG curriculum may not yet emphasize cross-disciplinary linkages, which are essential for 

deepening understanding and cultivating students’ higher-order thinking skills. 

The low CK score may also stem from the structure of Indonesian teacher preparation itself. The PPG program, 

while intensive, often compresses pedagogical and content learning into a short duration. Consequently, 
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participants have little time for subject enrichment beyond what is required for lesson design. This results in 

surface-level content mastery that prioritizes lesson completion rather than deep conceptual engagement. 

Research noted that such tendencies limit teachers’ ability to contextualize knowledge, leading to lessons that 

are informative but not transformative (Berlian, 2022). 

The limited critical thinking and problem-solving competencies revealed in the study reflect a similar structural 

issue. Many participants admitted during FGDs that the format of teaching practice assessments prioritizes 

procedural compliance over creativity. The focus on meeting lesson-plan rubrics, as required in microteaching, 

may inadvertently discourage risk-taking or open-ended inquiry. Research emphasize, TPACK-based learning 

models such as flipped classroom and PBL are effective in promoting critical and creative thinking, yet these 

models require flexibility in assessment and institutional support (Mustadi, Fakhrudin, et al., 2024). The absence 

of such flexibility in current PPG structures may explain why pre-service teachers still hesitate to apply these 

approaches extensively. 

Furthermore, technological pedagogical knowledge (TPK) among participants appears to function at a 

foundational level. Teachers are adept at using projectors or videos, which supports visualization of abstract 

concepts (Fajardo-Garcia, 2025), but they rarely employ interactive tools that foster two-way engagement. 

Research found, the major challenge in primary education is moving from passive use of technology to designing 

interactive, student-centered digital learning (Rokayah & Rahayu, 2024). This study observed similar 

constraints: while pre-service teachers recognize the benefits of technology, limited access to devices, 

connectivity, and digital resources restricts them from experimenting beyond basic applications. Some research 

likewise highlight that effective TPACK practice requires institutions to provide consistent exposure to 

collaborative, technologically rich environments an area still developing in Indonesian teacher education (Mora 

et al., 2020), (Maričić & Lavicza, 2024). 

The FGDs further revealed that technological limitations are often compounded by institutional and cultural 

barriers. Partner schools for teaching practice vary in terms of digital readiness, with some lacking sufficient 

infrastructure to support interactive technologies or AI-assisted tools. As a result, teachers adapt to low-tech 

contexts by using videos or printed materials rather than online simulations or gamified learning. This aligns 

with research, who argues that teacher education should combine reflective and technology-integrated pedagogy 

so that teachers can adapt to varying levels of digital infrastructure without losing instructional innovation 

(Tobondo, 2025). 

Another factor influencing the uneven mastery of TPACK components is the lack of systematic reflection in the 

learning cycle. Although reflection is encouraged, many participants admitted conducting it informally, often 

without structured feedback. This gap weakens their ability to identify instructional weaknesses or technology 

misalignment. Research emphasized that structured reflective practice enables teachers to transform descriptive 

awareness into analytical insights, leading to sustained improvement in instructional design (Rokayah & Rahayu, 

2024),(Zwozdiak-Myers, 2023), (Agnihotri, 2024). Without such reflection, pre-service teachers tend to 

replicate existing models rather than evolving their teaching strategies based on evidence. 

The cultural orientation of Indonesian teacher education also contributes to these disparities. Historically, 

instructional training emphasizes compliance with curricular standards and demonstration of teaching 

procedures (Gage et al., 2018), (Yu, 2023), (SAPIYEVA et al., 2024). Consequently, pre-service teachers often 

equate “good teaching” with accurate delivery rather than adaptive facilitation. This procedural mindset contrasts 

with the demands of the Merdeka Belajar Curriculum, which values innovation, critical inquiry, and flexibility 

(Zainudin et al., 2025), (Hunaepi & Suharta, 2024),(Hadi et al., 2023). Thus, while pre-service teachers exhibit 

strong discipline and professionalism, they still need greater autonomy and reflective depth to fully embody the 

principles of independent learning (Tolosa, 2021), (R. Yuan & Mak, 2018). 

The integration of TPACK in observed lessons also demonstrates a linear rather than dynamic relationship 

among technology, pedagogy, and content. Technology tends to serve as a supportive tool rather than an 

integrated learning scaffold. Research suggested, true TPACK integration occurs when these domains intersect 

fluidly technology transforms pedagogy, content shapes technology use, and pedagogy drives content adaptation. 
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In this study, however, the three domains often operate separately, which limits innovation (Baran & Uygun, 

2016). This underscores the need for guided reflection and continuous professional development so that future 

teachers can build synergy among these components. 

The implications extend beyond individual competency. So, report says that teacher digital literacy and reflective 

competence are global indicators of readiness for sustainable, inclusive education. Strengthening these 

competencies requires not only workshops but also institutional reform, ensuring that digital pedagogy is 

embedded in pre-service curricula (Betancourt-Odio et al., 2021). For instance, integrating AI-assisted lesson 

planning and authentic assessment approaches can help bridge the gap between technological familiarity and 

pedagogical innovation (Susanti, 2025), (Cholifah et al., 2024). 

In summary, the observed imbalance high pedagogical and technological readiness but low content and critical 

thinking mastery does not simply reflect individual weakness. Instead, it reveals systemic challenges in teacher 

preparation: time-limited content deepening, rigid assessment structures, uneven technological infrastructure, 

and insufficient reflective guidance. Addressing these issues requires a holistic reform of teacher education that 

includes (1) sustained digital pedagogy training, (2) interdisciplinary content integration, (3) structured reflective 

supervision, and (4) equitable technological access during practicum placements. Research demonstrate, 

microteaching integrated with collaborative reflection and feedback can significantly enhance pre-service 

teachers’ TPACK mastery, preparing them to meet the demands of the Merdeka Belajar era and the evolving 

digital learning landscape (Lorenzana & Roleda, 2024), (Z. Yuan et al., 2025), (Tembrevilla et al., 2024). 

CONCLUSION 

The results of this study indicate that the TPACK abilities of Pre-service education students in the PGSD Study 

Program are at a moderate to high level, particularly in pedagogical competence, collaboration, and digital 

literacy. However, the integration of content knowledge, critical thinking, and innovative technology use remains 

limited. These findings highlight the urgent need to strengthen both the depth of disciplinary mastery and the 

transformative use of technology in teacher education programs. 

From an analytical perspective, the imbalance between pedagogical proficiency and content or critical-thinking 

competence is not merely an individual gap but a reflection of systemic issues within the structure of pre-service 

teacher education in Indonesia. Time constraints, assessment rigidity, and unequal technological infrastructure 

contribute to this disparity. Consequently, teacher preparation programs must adopt comprehensive reforms that 

integrate digital, reflective, and interdisciplinary pedagogies more intentionally into their curriculum design. 

Policy and Practice Implications 

Embedding Reflective Micro-Teaching Cycles 

Teacher education institutions should integrate reflective micro-teaching sessions into every PPG practicum 

cycle. These sessions must go beyond performance assessment to include structured feedback, peer observation, 

and guided self-reflection facilitated by mentors. Research shows that continuous reflective cycles enhance 

teachers’ pedagogical adaptability and critical awareness, allowing them to connect theory with classroom 

realities more effectively (Rokayah & Rahayu, 2024). 

AI-Assisted Lesson Planning and Digital Pedagogy Training 

To align with the technological demands of the Merdeka Belajar era, universities should implement AI-

supported lesson design workshops that train pre-service teachers to use educational AI tools for differentiated 

instruction, assessment, and media creation. Research emphasizes, artificial intelligence can serve as a catalyst 

for creative and analytical thinking if used as a pedagogical partner rather than a substitute (Susanti, 2025). 

Additionally, integrating a “Digital Pedagogy and Design Thinking” course into the PPG curriculum will prepare 

future teachers to design interactive, inclusive, and technology-enhanced learning environments. 

https://rsisinternational.org/journals/ijrsi
https://rsisinternational.org/journals/ijrsi


INTERNATIONAL JOURNAL OF RESEARCH AND SCIENTIFIC INNOVATION (IJRSI) 

ISSN No. 2321-2705 | DOI: 10.51244/IJRSI |Volume XII Issue X October 2025 

Page 1649 

 

  

    
Strengthening Interdisciplinary Content Integration 

Teacher education curricula should promote cross-disciplinary projects that connect core subjects with STEAM 

and socio-emotional learning frameworks. This approach aligns with the findings of some research, who 

demonstrated that interdisciplinary integration enhances both creativity and holistic understanding (Zhao & 

Abdullah, 2025), (Mussey, 2022). Embedding such projects in PPG coursework can improve content mastery 

while simultaneously developing 21st-century competencies. 

Institutional and Infrastructure Support 

Universities and government agencies must collaborate to ensure equitable access to technological infrastructure 

across partner schools. Providing stable internet connectivity, digital classrooms, and access to open educational 

resources (OER) will allow pre-service teachers to experiment with technology meaningfully. As research 

highlight, equitable digital competence among teachers depends on systemic support rather than individual 

initiative alone (Betancourt-Odio et al., 2021). 

Reform of Evaluation and Mentorship Systems 

The current evaluation model in micro-teaching often rewards procedural accuracy rather than innovation. 

Therefore, assessment rubrics should be redesigned to emphasize creativity, reflection, and critical problem-

solving as key indicators of professional growth. Moreover, the mentorship system must evolve from 

supervision-based to coaching-oriented guidance, fostering a collaborative culture where feedback becomes 

developmental rather than judgmental. 

Closing Remarks 

In summary, the mastery of TPACK and 21st-century skills among pre-service teachers is both a pedagogical 

and institutional challenge. Universities organizing PPG programs should not only train students to use 

technology but also cultivate reflective, critical, and innovative educators who are responsive to the demands of 

digital transformation. Strengthening teacher preparation through reflective micro-teaching, AI-supported 

pedagogy, interdisciplinary learning, and equitable infrastructure will ensure that Indonesia’s future elementary 

teachers are not only competent in teaching but also visionary in shaping the learning ecosystems of the 21st 

century. 
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