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Abstract. This study aims to assess the Technological Pedagogical Content Knowledge (TPACK) profile of high school biology
teachers in Semarang, Indonesia. Using a descriptive quantitative approach, data were collected through a survey involving 55
respondents from a population of 105 biology teachers who are members of the Biology Subject Teachers’ Forum (MGMP) in
Semarang. The instrument used was a closed-ended questionnaire with 30 items to evaluate the seven TPACK components. The
results showed that the Technological Knowledge (TK) component had the highest average score of 3.60, followed by Content
Knowledge (CK) and Technological Content Knowledge (TCK), both with a score of 3.32. Pedagogical Knowledge (PK) scored
3.22, Technological Pedagogical Knowledge (TPK) scored 3.28, Pedagogical Content Knowledge (PCK) scored 3.33, and the
overall TPACK score was 3.23. These results indicate that biology teachers in Semarang generally have a good understanding of
integrating technology, pedagogy, and content in their teaching practices. The study suggests the need for targeted professional
development to enhance pedagogical strategies that effectively integrate technology in biology education.
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INTRODUCTION

Teachers' ability to integrate technology with pedagogy and content commonly referred to as TPACK
(Technological Pedagogical Content Knowledge) has become increasingly recognized as a crucial factor in
enhancing teaching effectiveness in the digital age. TPACK enables teachers to design more relevant and effective
learning experiences tailored to the diverse needs of students. In biology education, mastery of TPACK is
particularly important due to the complexity and dynamic nature of the subject matter. Previous studies have shown
that teachers with strong TPACK skills are more successful in implementing technology-based learning and in
delivering biological concepts more clearly and engagingly (Mishra & Koehler, 2006).

However, challenges persist in the development and application of TPACK, especially among biology teachers.
Studies have indicated variations in TPACK proficiency influenced by factors such as teaching experience, access to
technology, and professional support (Koehler et al., 2013). Therefore, it is essential to conduct in-depth research on
TPACK ability profiles, particularly in specific regions such as Semarang City, to understand the extent to which
teachers have mastered TPACK and how it affects the teaching process.

The main issue is the lack of a detailed profile of TPACK competencies among high school biology teachers in
Semarang City. Limited data on their mastery of TPACK makes it difficult to design appropriate professional
development programs. A comprehensive study that maps out biology teachers' TPACK skills—not only in terms of
technical knowledge but also pedagogical abilities and biological content mastery—is urgently needed.

Efforts to improve TPACK include various strategies, such as targeted professional training in technology skills
and mentoring programs that connect teachers with TPACK experts. Active use of technology in biology classrooms
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is also considered an effective way to sharpen teachers' TPACK. However, implementing these solutions effectively
requires empirical data that reflect the actual conditions in the field in this case, the TPACK ability profile of biology
teachers in Semarang City.

Previous studies have emphasized that TPACK development should begin with increasing teachers'
understanding of how technology can support effective pedagogical strategies for teaching specific content (Chai et
al., 2010). In biology, this includes using digital tools to visualize complex concepts and employing virtual
simulations for experiments that are difficult to conduct in school labs. Additionally, curriculum development that
systematically integrates technology into biology instruction is a promising solution (Angeli & Valanides, 2009).

Collaboration among teachers is also essential to share best practices in classroom technology use. For example,
Voogt et al. (2013) found that professional learning communities (PLCs) are effective for developing TPACK skills
by allowing teachers to learn from peers who have successfully integrated technology into their teaching. In this
context, subject teacher forums (MGMPs) can play a crucial role in facilitating information and experience sharing
among biology teachers.

Comprehensive TPACK assessments are also needed to identify areas requiring further development. Specially
designed questionnaires to evaluate TPACK components have proven effective in highlighting teachers' strengths
and weaknesses in technology integration (Schmidt et al., 2009). Data obtained from these assessments can guide
the creation of more targeted training programs to enhance teachers' TPACK skills.

Although some studies have examined TPACK ability profiles among teachers, few have focused specifically on
high school biology teachers in urban areas like Semarang. For instance, Harris and Hofer (2011) found that teachers
often struggle to integrate TPACK effectively without adequate support in training and resources. While some
studies have explored these challenges, few empirical investigations have been conducted on the TPACK
proficiency of high school biology teachers in Semarang City. Given the vital role of TPACK in ensuring effective
and technology-supported biology instruction, this study seeks to fill that gap by providing data that can inform
future policy and training program development.

The objective of this research is to outline the TPACK ability profile among high school biology teachers in
Semarang City. By understanding this profile, the study aims to present a clear picture of the extent to which
teachers have mastered TPACK and how this affects the effectiveness of biology teaching. The findings are expected
to contribute new insights to the literature on teacher professional development in Indonesia, particularly in the
context of biology education. This study includes all biology teachers registered in the MGMP of Semarang City,
with a randomly selected sample. The results will serve as a reference for policymakers to design more effective and
data-driven teacher competence improvement programs.

RESEARCH METHOD
This study uses a quantitative descriptive method to explain a phenomenon using numbers to create a picture of a
group (Schreiber, 2011). This study involved a population of 105 biology teachers who were members of the
Biology Subject Teachers' Council (MGMP) in Semarang City. Purposive sampling technique was used to ensure
that the sample was representative of the population. Of the 105 teachers, 55 respondents were willing. This sample
size is considered sufficient to provide reliable data for research purposes (Creswell, 2014).

The instruments used in this study included a structured closed questionnaire designed to assess the TPACK
profile of high school biology teachers. This questionnaire was developed based on validated and commonly used
instruments to measure the seven components of TPACK: Technology Knowledge (TK), Content Knowledge (CK),
Pedagogy Knowledge (PK), Content Technology Knowledge (TCK), Pedagogy Technology Knowledge (TPK),
Content Pedagogy Knowledge (PCK), and overall TPACK. Each item in the questionnaire was carefully designed to
reflect indicators for each component of TPACK, ensuring comprehensive coverage of teacher competencies
(Mishra & Koehler, 2006; Chai, Koh, & Tsai, 2013). The questionnaire was administered during the MGMP meeting
to ensure maximum participation. Teachers were briefed on the purpose of the study and the importance of providing
accurate responses. The data collection process was carefully supervised to avoid bias and ensure the validity of
responses. The questionnaire was divided into sections corresponding to each component of TPACK, and teachers
were given sufficient time to complete the survey. The survey data were then coded and entered into a statistical
software program for further analysis (Bryman, 2012). The questionnaire instrument was structured based on
indicators in dimensions 1(a), 2, 3 and 4 using a 4-rank Likert scale, namely (SS/SB) strongly agree/very good,
(S/B) agree/good, (C) sufficient, (TS/K) disagree, and (K/TS) Less/Disagree.
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RESULTS AND DISCUSSION

General Description of Overall TPACK Ability Profile
The TPACK ability profile of Biology Teachers in Semarang City generally shows an overall average value and
an average of each aspect illustrated in Figure 1.

TPACK capability profile of Biology Teachers in

Semarang City
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Figure 1. Average TPACK ability profile of teachers in each aspect

Based on Figure 1, the total average score is 3.18 out of a maximum score of 4.00. This means that the overall

TPACK capability profile of Biology Teachers in Semarang City is good.

Specific Description of TPACK Capability Profile in Each Aspect

This section specifically discusses the data and findings displayed in each aspect
* Technological Knowledge (TK) Aspect
The results of the questionnaire in this aspect are shown in Table 1.

Table 1. Technological Knowledge (TK) Indicators

No Observed Indicator Average Category
Percentage
Obtained
1 Mastering the technology used in teaching well 80% GOOD
2 The technology I use is appealing to students 80.83% GOOD
3 The technology used successfully increases students' interest 83% GOOD
and motivation
4 The technology used in teaching is easy to operate 82.5% GOOD
5 The technology used is appropriate for students’ 81.6% GOOD
understanding
6 The technology used is in line with current technological 81.6% GOOD
developments
7 The technology used helps solve problems/challenges students  83% GOOD

face in learning
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Average 81.79% GOOD
Overall, for the learning analysis in the aspect of Technological Knowledge (TK), the highest average results
were obtained in aspects (3) and (7) of 83% with good criteria. while the indicator of mastering the technology used
in learning received the lowest value, namely 80%.

Table 2. Average Percentage Pedagogical Knowledge (PK)

No Observed Indicator Average Percentage Achieved Criteria

1 Has varied strategies/approaches in delivering concepts to students 80.83% GOOD

2 Uses varied methods and models in teaching 79% GOOD

3 Demonstrates good classroom management and control 81.67% GOOD

4 Engages in reflective practices to improve teaching quality 81.67% GOOD
Average 80.79% GOOD

Overall, the analysis of learning in the aspect of Pedagogical Knowledge (PK) yielded an average score of
80.79%, which falls into the "Good" category. The highest score, 81.67%, was obtained on the indicator of
effectively managing the classroom and engaging in reflective practices to improve the quality of learning.

Content Knowledge (CK)
The results of the observation in the aspect of Content Knowledge (CK) cover five indicators as shown in the table
below:

Table 3. Average Percentage in the Content Knowledge (CK) Aspect

No Observed Indicator Average Criteria
Percentage
. Very
o
1 Mastery of the subject matter 89.16% Good
2 Providing relevant examples to enhance student understanding 86.67% \G/ng d
3 Delivering material logically, clearly, and in accordance with 81.67% Good
the lesson plan/module
4 Accurately answering student questions 83.00% Good
5 Utilizing up-to-date learning resources to teach students 81.67% Good
Average 84.43% Good

Overall, the analysis of TPACK competence in the aspect of Content Knowledge (CK) showed an average score
of 84.43%, which is categorized as "Good." The highest average score was found in the indicator of mastery of the
subject matter (89.16%), while the lowest score was in the indicator of delivering material logically, clearly, and in
accordance with the lesson plan/module, which was 81.67%.

Technological Pedagogical Knowledge (TPK)
The observation results for the aspect of Technological Pedagogical Knowledge (TPK) include three observed
indicators, as presented in the following table:

Table 4. Average Percentage in the Aspect of Technological Pedagogical Knowledge (TPK)
Average

No Observed Indicator Criteria
Percentage
. . . o Very
1 Using computer applications in teaching 85.0% Good
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] Average e .
No Observed Indicator g Criteria
Percentage
) Selectipg technology that aligns with teaching approaches and 83.0% Good
strategies
Using internet facilities to communicate with students, such as o Very
3 o . 85.8%
for submitting assignments or performance tasks Good
Very
Avera 4.6%
verage 84.6% Good

Overall, the analysis of TPACK competence in the TPK aspect yielded an average score of 84.6%, categorized as
Very Good. The highest score, 85.8%, was recorded for the indicator "using internet facilities to communicate with
students, such as for submitting assignments or performance tasks." Meanwhile, the lowest score, 83%, was for the
indicator "selecting technology that aligns with teaching approaches and strategies."

Technological Content Knowledge (TCK)
The observation results for the Technological Content Knowledge (TCK) aspect are based on the three indicators
shown in the table below:

Table 5. Average Percentage in the Aspect of Technological Content Knowledge (TCK)

No Observed Indicator Average Percentage Criteria

1 The technology used is relevant to the material being taught 84.16% Good

2 The technology used enhances student understanding 83.00% Good

3 Developing student activities and assignments involving technology 81.67% Good
Average 83.34% Good

Pedagogical Content Knowledge (PCK)
The analysis results of the TPACK competence in the Pedagogical Content Knowledge (PCK) aspect consist of
three observation indicators presented in the table below:

Table 6. Observation Results for the Pedagogical Content Knowledge (PCK) Aspect

No Observed Indicator Average Criteria
Percentage
1 Selecting teaching approaches and strategies that align with the material 93.00% Very Good
2 Providing assessment/evaluation to measure student understanding/mastery 87.50% Very Good
3 App@yln'g approprlate teaf:hlng strategies and utilizing a variety of computer 82.16% Good
applications during learning
Average 87.55% Good
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Technological Pedagogical and Content Knowledge (TPACK)

The observation results for the Technological Pedagogical and Content Knowledge (TPACK) aspect consist of
three indicators as shown in the following table:

Table 7. Observation Results for the TPACK Aspect

No Observed Indicator Average Criteria
Percentage

Selecting teaching strategies and technology appropriate for the material to be Very

1 93.00%
taught Good

) Integratmg biological content kpowledge, .pedagog}cal knowledge, and 82 50% Good
technological knowledge to achieve effective learning

3 Applying appropriate strategies and using various computer applications during 75.80% Good

the learning process

Average 83.76% Good

Overall, the analysis of the TPACK aspect in classroom teaching resulted in an average score of 75.40%,
categorized as Good. Based on the observation results, it can be concluded that teachers have implemented teaching
using the Technological Pedagogical and Content Knowledge (TPACK) framework in classroom learning. The role
of teachers is already evident in utilizing technology as a learning aid. Despite some specific challenges, learning
objectives were still achieved.

These research findings indicate that biology teachers in Semarang City demonstrate a relatively good ability to
integrate technology into the teaching process, as reflected in the high scores in the Technological Knowledge (TK)
component. This high score indicates that teachers are already familiar with using technology and can apply it
effectively in biology instruction. This aligns with the literature, which states that technological mastery is crucial to
support learning effectiveness, especially in complex subjects like biology.

The study shows relatively high TPACK mastery, with an overall average score of 3.18 out of a maximum scale
of 4. These findings are consistent with the study by Mishra and Koehler (2006), which stated that good TPACK
competence is marked by a teacher's ability to integrate technology into instruction in a relevant, effective, and
contextual manner.

However, the lower score in Pedagogical Knowledge (PK) suggests that there are still challenges in applying
effective pedagogical strategies. Although teachers demonstrate strong content knowledge, their ability to integrate
pedagogy with technology needs further improvement. This is consistent with prior research, which emphasizes that
effective TPACK implementation requires a balanced integration of content, pedagogy, and technology (Koehler et
al., 2013).

Dominance of Technological and Content Aspects, Challenges in Pedagogical Aspects

The highest improvements were found in the Content Knowledge (CK) and Technological Knowledge (TK)
components. This indicates that teachers are relatively confident in their mastery of Biology content and in using
technology to support the learning process. High scores in the indicators "mastery of the subject matter taught"
(89.16%) and "technology increases student interest" (83%) reflect teachers’ readiness in terms of both substance
and technical skills. However, the Pedagogical Knowledge (PK) aspect received comparatively lower scores than
other components, indicating that although teachers have a solid grasp of the subject and technology, they are not yet
fully optimal in applying varied instructional strategies tailored to students' characteristics.

These findings reinforce the perspective of Graham et al. (2019), who argue that technology integration in
education can only be effective when supported by appropriate pedagogical approaches. A lack of variation in
teaching strategies and reflective practices may result in technology integration being merely cosmetic rather than
transformative.
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Fragmented TPACK Integration

Components such as Pedagogical Content Knowledge (PCK) and Technological Pedagogical Knowledge (TPK)
showed high average scores of 87.53% and 84.6% respectively. However, the overall average score for the
Technological Pedagogical and Content Knowledge (TPACK) component dropped to 83.76%, with the indicator
"integrating biological content knowledge, pedagogy, and technology" scoring only 82.5%. This suggests that
integration across domains has not yet been fully internalized in classroom practices. Teachers tend to use
technology as a supplementary tool rather than as an integral part of instructional strategies.

This aligns with Koh and Chai (2016), who emphasized that developing TPACK requires deep understanding
and critical reflection on the interconnection between the three domains. Teachers need to be empowered to
understand that TPACK is not merely the sum of its parts, but a dynamic and contextual integration of knowledge.

Institutional Context and Community Support

The role of professional communities such as MGMP Biologi (Biology Teachers’ Working Group) has proven
significant in supporting the development of teacher competencies. However, diversity in teaching practices, limited
technological facilities, and school-level managerial policies are contextual factors that influence the level of
TPACK mastery. This is consistent with the findings of Wang and Zhao (2020), who stated that technology
leadership and school culture play a crucial role in determining the effectiveness of TPACK integration in the
classroom.

Therefore, teacher training through Professional Learning Communities (PLCs) should be strengthened as a
collaborative space to design, implement, and reflect on TPACK-based learning. Strategies such as lesson study and
video-based coaching can be utilized to improve teachers’ integrative skills.

Implications and Recommendations

Based on the findings, it can be concluded that Biology teachers in Semarang City have demonstrated good
competence in TPACK, especially in content and technological knowledge. However, development in pedagogical
aspects and the integration of all three domains remains a key area for improvement. Thus, professional
development programs should focus on enhancing the integration of technology, pedagogy, and content.

The training programs should be continuous and grounded in reflective practice, including problem-based
learning, peer feedback during teaching practice, and the development of digital lesson plans based on TPACK. In
addition, policy support from schools and education authorities is essential to ensure the availability of infrastructure
and the sustainability of training efforts.

Furthermore, the results of this study highlight the importance of professional development focused on
pedagogical strategies that effectively integrate technology in learning. With well-directed training programs, it is
expected that teachers' pedagogical abilities will improve, leading to more comprehensive and effective integration
of technology in Biology education.

This study provides important contributions to the literature on teacher professional development, particularly
within the local context of Semarang City. The findings can serve as a reference for policymakers in designing more
effective, data-driven teacher competency development programs to improve the quality of Biology teaching in
schools.

Additionally, the study lays the groundwork for future research to explore contextual factors that influence
TPACK mastery, as well as the long-term impact of professional development initiatives on enhancing teachers’
TPACK competencies. As such, the study not only provides a snapshot of the current TPACK profile but also points
to potential directions for further development.

CONCLUSION

This study has provided a comprehensive assessment of the TPACK profile of high school Biology teachers in
Semarang, showing generally high levels of competence across the various components of the TPACK framework.
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The findings reveal that while teachers demonstrate strong Technological Knowledge (TK), Content Knowledge
(CK), and Technological Content Knowledge (TCK), there is still room for improvement in Pedagogical Knowledge
(PK) and in the overall integration of these elements, as reflected in the slightly lower TPACK score.

These results highlight the need for targeted professional development programs aimed at enhancing pedagogical
strategies that effectively integrate technology into Biology instruction. The insights gained from this study
contribute to our understanding of TPACK in a regional context, emphasizing the importance of local interventions
to ensure that educators are prepared to meet the demands of modern teaching practices.

Future research should explore contextual factors affecting TPACK development and investigate the long-term
effects of professional development initiatives in improving TPACK competence. This way, the study not only
provides a picture of the current TPACK status but also offers directions for future improvement.
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