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Abstract: Biology teachers may use technology to improve learning outcomes
and design engaging learning experiences for students in the digital age by
becoming proficient and competent in TPACK. Previous researchers have
used TPACK to improve teacher competency, namely found that fusing
technology, pedagogy, and topic knowledge, significantly improves teacher
proficiency. Studies have indicated that teachers gain from TPACK training,
which raises their competency levels. TPACK raises teachers' competencies in
teaching and learning processes by requiring them to possess a thorough
understanding of technology operations, pedagogical skills, and topic
knowledge The research aims to explore and highlight several research
publications that examine TPACK to improve Biology teacher competency in
the 21st century. A systematic literature review method was used to select
relevant articles for review, with a total of 25 articles selected based on specific
criteria for the literature review stage. The research results highlight the
importance of integrating TPACK to improve biology teacher competency.
This integration aims to equip educators with the skills necessary to effectively
apply technology in biology teaching in the 21st century. The conclusion
drawn is that TPACK can improve the competence of biology teachers in the
21st century to design interesting learning experiences for students.
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Introduction

Modern education is greatly aided by technology,
which is changing traditional teaching techniques and
enhancing the learning experience for students.
Innovative media, hardware, and software are all
included in educational technology, supporting learning
(Joshi, 2023). Blended education, which combines online
and face-to-face teaching to provide flexibility and
accessibility to students, results from the growth of
virtual interactive lectures and scientific platforms
(Abbas Abbood et al., 2023). Science, art, and society
have all been greatly transformed by technology, which
has also made education more effective and efficient
while simplifying complex procedures (llyas et al.,
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2023). Educational institutions can build interactive and
engaging learning environments that improve the skills
of teachers and students by integrating tools such as
computers, the Internet, and audio-visual media
(Boulakhsaim, 2022). Thanks to the introduction of
online learning platforms such as Zoom and Google
Meet, technology has brought about a dramatic
transformation of traditional teaching methods
(Karmakar & Chatterjee, 2022). The trend toward using
technology to facilitate student-centered learning has
gained prominence, highlighting the significance of
pedagogical ideas unique to the use of technology in the
classroom (Menrisal, 2023).

Instead of using traditional classroom setups,
educational institutions are quickly implementing
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augmented, virtual, and mixed reality to engage
students and improve the teaching process (Mithun R &
Roopadarshini S, 2024). With an emphasis on enhancing
the caliber of teaching and learning processes through
contemporary  technological  applications,  the
integration of information and communication
technologies (ICT) in education has become essential
(Magalingam, 2022). To integrate TPACK is essential
(Lestari & Rahayu, 2023; Bueno et al., 2023; Adipat et al.,
2023; Haniefa & Samsudin, 2023). To improve
instruction and equip educators to use information and
communication technology (ICT) in the classroom,
teacher preparation and support TPACK is crucial.
Teachers must partake in professional development
initiatives to acquire cutting-edge methods for
information delivery, assessment, and documentation.
This will guarantee that their TPACK skills continue to
advance throughout their careers. With the use of
TPACK, teachers may create learning experiences that
integrate technology, pedagogy, and subject-matter
expertise, which will ultimately result in more engaging
and dynamic teaching methods. Biology teachers may
use technology to improve learning outcomes and
design engaging learning experiences for students in the
digital age by becoming proficient and competent in
TPACK.

Previous researchers have used TPACK to improve
teacher competency, namely (Adnan & Yunisari, 2023)
found that fusing technology, pedagogy, and topic
knowledge, significantly improves teacher proficiency.
Studies have indicated that teachers gain from TPACK
training, which raises their competency levels. TPACK
raises teachers' competencies in teaching and learning
processes by requiring them to possess a thorough
understanding of technology operations, pedagogical
skills, and topic knowledge (Adji et al., 2022). According
to studies, teachers tend to be more skilled in particular
TPACK domains than others. For example, some
teachers are more adept at pedagogy, while others are
more skilled at using technology (Iskandar, 2022).
Similar findings by Ortiz Colén et al. (2023) noted that
teachers can improve their overall teaching quality and
competency levels by incorporating TPACK into their
lessons, developing digital learning materials, and
making good use of a variety of resources. Furthermore,
TPACK-focused customized training programs can
strengthen in-service teachers' teaching competencies
and remediate their weaknesses (Nithitakkharanon et
al., 2023).

Based on previous findings, it seems that there has
been no research that reviews and highlights TPACK to
improve Biology teacher competency in the 21st century.
The research aims to explore and highlight several
research publications that examine TPACK to improve
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Biology teacher competency in the 21t century. This
research answers the research questions, namely: What
is the role of technology in modern education? How has
technology transformed traditional teaching methods?;
How does TPACK in the field of Education?; How does
TPACK improve teacher competency in the 21t century?

Method

Procedure

The SLR method is used to identify, analyze,
evaluate, explore, and interpret the papers obtained by
the research questions. Search and harvest articles using
the Publish or Perish application. We obtained articles
from Google Scholar, Web of Science, and Scopus. The
search for potential articles was carried out using the
PRISMA diagram which consists of 3 stages, namely
identification, screening, and inclusion. We searched the
literature using the keywords technology learning,
TPACK, teacher competency, and 21st-century skills.
The time range for publishing articles is between 2017
and 2023 to produce the latest findings (Figure 1). Figure
1 shows that the number of papers published from 2017
to 2023 is 47, 58, 76, 82, 72, 85, 98. In 2023, we observed
an increase in the number of papers with the CPATK
theme. This means that the CPATK theme has potential
for further research.
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Figure 1. The number of papers published from 2017
to 2023
Analysis

The results of the search and harvest of papers from
the Google Scholar, Scopus, and Web of Science
databases obtained 518 papers. Selection of potential
papers using the PRISMA flow diagram.

At the identification stage, we noted 39 papers as
duplicates, marked 83 articles as ineligible, and removed
47 articles for other reasons, leaving 353 papers that
successfully passed the identification stage. We
excluded 280 papers during the screening stage,
retrieved 191 articles, and rejected another 166 reports
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for various reasons. During the inclusion stage, we
selected a total of 25 potential articles for the literature
review stage. Next, selected articles that met the

Table 1. Inclusion and Exclusion Criteria
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inclusion and exclusion criteria based on title, abstract,
and full text (Table 1).

Inclusion criteria

Exclusion criteria

The research aims to improve Biology teacher competency in
the 21st century

Research discussing technology learning, TPACK, teacher
competency, 21st-century skill

The research subject studied is Biology teacher competency in
the 21st century

Research uses quantitative methods such as descriptive surveys,

experiments, or both.

Research published by international and national publishers on

either one of three databases, Web of Science, Scopus, and

Google Scholar, with a Digital Object Identifier (DOI) or an ISSN

Year of publication between 2017 and 2023
Research written in English or Indonesian

The research aims is not to improve Biology teacher
competency in the 21st century

Research discussing technology learning, TPACK, teacher
competency, 21st-century skill

is not the main themes

The research subject studied things other than Biology teacher
competency in the 21st century

The research did not use quantitative methods such as
descriptive surveys, experiments, or a mix of both.
Research published by international or national publishers
outside the inclusion criteria

Year of publication outside the range between 2017 and 2023
Research written in languages other than English and
Indonesian

Identification of new studies via databases and registers

Records remaved before screening:

Records identified from: Duplicate records (n = 39)
Databases (n = 348) |— Records marked as ineligible by automation
Registers [n = 170) tools (n = 83)

Records removed for other reasons (n = 47)

Identffication

v
Records screened
(n=353)

‘ Reports sought for retrieval

Records excluded
(n=73)

(n=280)

Reports not retrieved
(n = 89)

Screening

Reports excluded:
RQ s not the main study (n = 66)
Abstract is not use English and
Indonesia languange (n = 50)
Years of publication outside the
range between 2017 until 2023 (n = 50)

Reports assessed for eligiility
(n=191)

s

MNew studies included in review
(n = 25)

Included

Reparts of new included studies
(n =25

Figure 2. Selecting potential articles using the PRISMA flow
diagram

Data Synthesis

Data synthesis was carried out on the RQ that had
been designed at the beginning of the research, resulting
in 25 potential papers being prepared (Figure 3). In
Figure 3 the number of papers in RQ1, RQ2, RQ3, and
RQ4 are 5, 7, 6, and 7. RQ1 examines the role of
technology in modern education. RQ2 examines how
technology transformed traditional teaching methods.
RQ3 examines TPACK in the field of Education. RQ4
examines how TPACK improves teacher competency in
the 21st century. This study chose a narrative synthesis
approach that systematically synthesizes all findings
across included studies, without conducting
quantitative meta-analysis. This research identified

articles based on first author, year of publication,
highlights, result, and conclusion.

5 8 7 7
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o
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o
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z
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Research question
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Figure 3. Number of papers based on RQ
Result and Discussion

Biology teachers in the 21%t century can improve
their overall teaching quality, provide engaging learning
environments, and make effective use of digital
resources by including TPACK in their activities. The
SLR on Technological Pedagogical and Content
Knowledge to Improve Biology Teacher Competency in
the 21st Century has been successfully analyzed to find
the latest findings (Tables 2, 3, 4, and 5).

RQ1: What is the role of technology in modern education?
With the ability to provide students with
individualized educational experiences based on their
unique needs and talents, technology has had a huge
impact on personalized learning. This highlights the
necessity of ongoing improvements in educational
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technology to facilitate unique learning experiences
(Table 2).

Based on Table 2 research has indicated that in low-
and middle-income nations, technology-assisted
individualized learning improves learning results,
particularly when the technology adjusts to the learner's
level (Major et al., 2021). Furthermore, it has been
demonstrated that using adaptive testing technologies

December 2024, Volume 10, Issue 12, 902-913

et al., 2023). For students to gain the knowledge and
technical skills required for success in postsecondary
education and the workforce, technology integration
with personalized learning is essential. This emphasizes
the significance of fundamental changes in education
systems and the use of technology to improve student
competencies. The trend of personalized learning has
been furthered by the development of big data, artificial

to provide individualized recommendations might intelligence, learning analysis, and information
enhance learning outcomes by giving students technology.
challenging material that maximizes their potential (Dai
Table 2. The Role of Technology in Modern Education
Author Insights Result Conclusion
(Ganesan Velayutham  In the modern educational setting, Students can now collaborate Education has been
etal., 2022) technology improves the quality of and communicate in ways that transformed by technology.
instruction, allows for interactive were previously unthinkable Student cooperation and
learning, fosters teamwork, and because of technology. Even communication have increased.
gives access to a wealthof ~ other state kids following the
information sources, converting same adventure can benefit
conventional teaching methods into from what they learn in the
more effective and efficient schools.
procedures.
(Osman, 2022) In today's classroom, technology It has been discovered that The use of technology in the
encourages kids to learn English, integrating technology into the classroom encourages students
improves their academic classroom helps to extend to study English.
performance, and stimulates their ~ educational opportunities and Using technology in the
creativity. It facilitates efficient successfully involve students in classroom fosters greater
learning, enhancing the course and the learning process. creativity in teaching
results of education.
(Kostashchuk & Through improving teaching To achieve the desired Utilizing contemporary
Bilenkova, 2022) strategies, encouraging student outcomes, educational instructional technology in the
participation, and establishing a technology is a conceptual, classroom is essential
supportive learning environment =~ methodical description of the The part elementary school
for autonomous decision-making actions taken by instructors and teachers play in putting new
and active participation, technology students. It is also a means of procedures into practice
plays a critical role in modern streamlining and enhancing the
education. learning process.
(Ghory & Ghafory, Technology is essential to modern  The importance of technology The educational process is now
2021) education because it improves in the classroom cannot be  more enjoyable because of the
instruction, makes it easier for emphasized enough. In fact, the incorporation of technology.
students to access internet use of computers in the
resources, streamlines knowledge classroom has made it easier for
transfer, and makes learning more  teachers to impart knowledge
enjoyable and engaging for them. and for students to access it.
(Raja & Technology transforms education Education has been transformed Education has undergone a
Nagasubramani, 2018) by increasing the effectiveness of by technology. technological revolution.

teachers, streamlining intricate
procedures, and creating an
enjoyable learning environment. It
makes it simpler for professors and
students to share knowledge,
which enhances the educational
process overall.

Knowledge may be imparted by The usage of technology
teachers more readily and benefits both educators and
acquired by pupils more learners.

readily.

Through its revolutionary effect on the traditional
classroom setting and its enhancement of student
communication and collaboration, technology has
brought tremendous modernization to teaching

methods. With the use of tools like Zoom, Google Meet,
wikis, and Google Docs, students can participate in
group discussions and collaborative projects that have
been made more productive and fun by modern
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technology like computers, the Internet, and audio-
visual media. Furthermore, language teaching has
changed as a result of the incorporation of technology
such as the Internet, YouTube, Skype, and social media
platforms. This has overcome the drawbacks of
conventional rote learning techniques and made
language learning more dynamic and interesting for
students (Sinha, 2022). Additionally, students now have
greater freedom in accessing educational materials and
evaluations because of the advent of virtual interactive
lectures and blended learning methodologies, which
ultimately improve the entire learning experience and
encourage self-education.

December 2024, Volume 10, Issue 12, 902-913

RQ2: How has technology transformed traditional teaching
methods?

For students to acquire the information and
technical skills necessary for success in postsecondary
education and the world of work, the integration of
technology with individual learning is critical,
underscoring the importance of significant systemic
change in education. Additionally, big data, learning
analytics, artificial intelligence, and advances in
information technology have made personalized
learning popular and highlighted the role of technology
in enhancing Biology Teacher Competency in the 21st
century (Table 3).

Table 3. Technology Transformed Traditional Teaching Methods

Author Insights Result Conclusion
(Sangtani et al., 2022) Through the introduction of The outdated teaching and Globally, digital education
digital technologies such as learning techniques were quickly has significantly changed.
augmented, virtual, and mixed replaced by digital versions of the Changes in teaching
reality, technology has textual facts. approaches are being
transformed traditional teaching implemented by educational
techniques, resulting in a institutions.
transition from traditional to
interactive and engaging modes
of education.

(Yarychev & Mentsiev, By facilitating faster information Advanced inventions in Traditional teaching methods

2020) dissemination, increasing technology made education more have been supplanted by
accessibility to education, and  accessible to people. Information digital education.

fostering a knowledge-based reaches with the speed of light Access to information has

culture, technology has from one place to another. increased thanks to digital

supplanted conventional teaching schooling.
techniques in education. Students
now benefit from knowing
current events in the globe.

(Misra, 2021) By providing educators with a To integrate technology into One tool that can improve
variety of ways to incorporate traditional classrooms (face-to- education is technology.
technology into the classroom, face), teachers need to be well- For teachers to use technology
encouraging students to use it, versed in its nature and effectively, they need to be

and resolving implementation- prospective applications. They  clear and have the necessary
related issues, technology has also need to possess the necessary skills.
improved traditional teaching. attitudes and tool-using skills.

(Wang, 2018) By bringing intelligent The test findings show that the An intelligent information

information processing,
streamlining resource allocation,
and improving information
management in colleges and
universities, technology has
revolutionized traditional
teaching methods and increased
teaching intelligence and
efficiency.

According to the study, students'
memory retention improves
while learning neuroanatomy
with the use of technology, such
as 3D models and video lectures,

(HadZziomerovié et al.,
2023)

traditional approaches, improves

suggested method achieves a
better level of intelligence in
teaching methods compared to

technology-based teaching
optimization strategy has
been proposed.

better information
management and resource
allocation for instruction in
colleges

the dispatch and balance of
teaching resource information,
and improves the design of
teaching methods in higher
education institutions.

Using technology-based tools or
other alternative teaching
methods can be more successful
in helping students learn and
retain difficult anatomy
information.

Students' performance in
Neuroanatomy is improved
by using technology-based
learning approaches such as
3D printed specimens, 3D
models, and video lectures.
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Author Insights Result Conclusion
as compared to traditional Different strategies make it

techniques. 2asier to memorize anatomical

words and structures.

(Raut, 2021) According to the article, Every possible subject is affected Technology's effects on
technology has completely by innovation, and education is conventional teaching

changed the way that education is one of them. methods

delivered by enabling online
learning, improving learning
outcomes through ICT, and
supporting contemporary

teaching methods.
(Lopez-Belmonte et al., According to the study findings,
2022) technology has revolutionized

traditional teaching techniques by
bringing STEM education and
improving student motivation,
grades, interactions, autonomy,
cooperation, problem-solving,
and overall learning experience.

It's significance in the
educational field

Teachers noted that the STEM  The STEM teaching strategy

teaching approach had a was important in every aspect

significant effect on student  of the research. It also had a

motivation and grades. The  greater impact on students'

greatest impact was seen in grades and motivation.
raising students' credentials and
motivation.

Through the use of digital technologies and the
development of fresh educational strategies, it has
completely  transformed  conventional teaching
techniques. Experiences in education have been
improved by online resources like Moodle, Open edX,
and NEO LMS. Technology transformed traditional
teaching methods into modern ones (Table 4). Teachers
have modified conventional teaching strategies by
adding technology to improve learning in several ways.
With an emphasis on behavioral, emotional, and
cognitive involvement, the wuse of educational
technologies in higher education has become essential.
This change is notably noticeable in the use of clicker
technology, which encourages engagement and active
participation from students and helps to keep them,
especially in big classes. Furthermore, the pandemic
caused teaching methods to change more quickly than
they had previously, causing instructors of technology-
based courses to go through several stages of
metamorphosis before becoming resilient and adaptable
to the ways that academia was changing through
visioning, learning, rationalizing, and modernizing.
With an emphasis on effective engagement tactics in
digital pedagogy, these modifications seek to optimize
students' potential in the "new normal" of education.

Teachers must have access to pertinent
technologies, the requisite knowledge, and the requisite
abilities to successfully integrate technology into the
classroom. They should take on the role of technology
leaders, guiding and modeling the incorporation of
educational technology (ed-tech) and enabling students
to use it for their studies (Santos, 2023). Before
implementing technology, educators must evaluate it,
comprehend the possible advantages and disadvantages
of doing so, develop the requisite technological

competencies, and match their methods of instruction to
the latest standards and specifications. Furthermore,
employing digital platforms and technical resources can
improve student learning, teacher expertise, and
motivation which contribute to the development of an
atmosphere that is favorable to actual learning (Mourya
& Singh, 2022). Teachers may make sure that the use of
technology in the classroom improves student
development and education quality by remaining up-to-
date on technological advancements and preparedness.

RQ3: How does TPACK in the field of Education?

Teachers frequently display differing degrees of
ability in various TPACK domains; some are more
skilled in pedagogy, while others are more adept with
technology. Effective teaching and learning processes
depend on using TPACK in lesson design and classroom
activities (Table 4). By combining technology, pedagogy,
and subject knowledge, TPACK, or Technological
Pedagogical subject Knowledge, plays a significant role
in the field of education. Studies have demonstrated that
TPACK competency has a major impact on teachers'
efficacy and quality of instruction (Shambare & ]Jita,
2024). To use TPACK and provide students with creative
and interesting learning experiences, educators must
possess a thorough understanding of technological
operations, pedagogical methodologies, and topic
expertise. Moreover, TPACK model training can
improve teaching methods and address instructors'
inadequacies to further support their initial and
continuing professional growth. Teachers may build a
dynamic learning environment that encourages student
involvement and knowledge acquisition by integrating
different technologies, pedagogical approaches, and

907



Jurnal Penelitian Pendidikan IPA (JPPIPA)

appropriate content. This will ultimately improve the
quality of education for all students.

Table 4. TPACK in the Field of Education

December 2024, Volume 10, Issue 12, 902-913

Author Insights Result Conclusion
(Harris & Hofer, For professional development, K- The study emphasized how Context and professional
2017) 12 schools and districts use TPACK. educational leaders' views about culture are crucial when

TPACK serves as a link between
different professional development
programs in educational
institutions.

professional development impacted

implementation of TPACK in schools

implementing TPACK.
TPACK is a tool used to link
several efforts in professional
development.

the comprehension and

and districts, as well as the
significance of context and

professional culture in how TPACK

(Salas-Rueda,
2019)

Using technology, content, and
pedagogy, TPACK arranges and
applies instructional resources.
The teaching-learning environment
in the educational profession is
improved by TPACK.

(Castéra et al,, Teacher educators' perceptions and

emphasizes the value of integrating
technology, pedagogy, and content
knowledge in educational contexts,
improved the effectiveness of the use
of technological tools and virtual

The study produced 3 main findings:

was appropriated.
The TPACK paradigm, which The TPACK approach makes it
easier to build virtual learning
environments and use
technology tools.
The identification and
assessment of the linear
function are positively
impacted by the contents of
WALF.
The six nations validated the

learning environments.

2020) training are influenced by TPACK. 1) the seven-factor model structure is seven-factor TPACK model.
The perception of TPACK differs relatively stable across nations; 2) It was discovered that age had
among six European and Asian university professors' opinions of an impact on how TPACK was
nations. TPACK vary across six European and perceived.

Asian countries; 3) age and TPACK

factors are dependent upon each

other.
(Rodriguez Solis TPACK dynamically combines The integration of mobile  Digital teaching aids speed up
& Acurio content knowledge, pedagogy, and applications such as PAM learning and increase problem-
Maldonado, 2021) technology. (Plataforma Adaptativa para  solving efficacy by facilitating
improves learning objectives and Matematica) is highlighted as an the development of new
the efficacy of mathematics important tool for adaptive learning, knowledge mechanisms.
instruction. allowing students to learn at their When necessary, a variety of
own pace and increasing engagement  digital tools can be used both
in mathematics education inside and outside of the
classroom.
(Rahmatiah et al., For more effective instruction, Teachers should be able to developa For more effective instruction,
2022) TPACK combines pedagogy, creative relationship between whatis =~ TPACK combines pedagogy,
content knowledge, and learned (content), what is taught content knowledge, and
technology. By integrating (pedagogy), and the right technology.
technology, pedagogy, and content, instruments (technology). By integrating technology,
the TPACK framework improves pedagogy, and content, the
instruction. TPACK framework improves
instruction.
Technological Knowledge, Pedagogical  the material they are teaching (Rahmatiah et al., 2022).
Knowledge, Content Knowledge, Pedagogical Content = Studies highlight how important TPACK is for
Knowledge, Technological Content Knowledge, improving teachers' abilities, and there is a direct link
Technological Pedagogical Knowledge, and between TPACK components and effective classroom

Technological Pedagogical Content Knowledge are the
seven main components that make up the TPACK
framework. Together, these elements improve teachers'
capacity to successfully incorporate technology into
lesson plans. Teachers using TPACK must possess a
thorough understanding of pedagogy, technology, and

technology integration. Geospatial technologies can be
effectively incorporated into classes by teachers who are
skilled at aligning TPACK components with curriculum
goals. This emphasizes the significance of a balanced
integration of geography content, pedagogy, and
technology within the TPACK framework. Furthermore,
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customized training plans built around the dimensions  RQ4: How does TPACK improve biology teacher competency
of the TPACK model can help teachers improve their  in the 21 century?

teaching proficiency and address their areas of Biology teachers may use technology to improve
weakness, which will ultimately help educational learning outcomes and design engaging learning
settings successfully integrate technology.

experiences for students in the digital age by becoming
proficient and competent in TPACK (Table 5).

Table 5. TPACK Improve Biology Teacher Competency in the 215t Century

Author Insights Result Conclusion
(Suganda et al,, In the twenty-first century, TPACK The TPACK analysis concentrated on Understanding teachers'
2021) improves the use of technology in the perspectives of instructors opinions of TPACK is
biology education. regarding their TPACK essential.

enhances educators' competencies, the significance of Teachers' opinions on the

comprehension of the challenges of 21st-century learning, and the factors features of 21st-century

21st-century learning. they take into account to attain it. learning are not constant.

(Nuruzzakiah et al.,
2022)

(Ratnawulan, 2022)

(Rissanen, 2018)

(Thohir et al., 2022)

(Muthmainnah &
Nurkamilah, 2022)

(Aguilera etal.,
2017)

TPACK improves technology
integration for efficient distribution
of content.

Teachers can better organize and
execute technology-based learning
with the support of TPACK.

With the provision of technical
guidance on 21st-century learning,
TPACK enhances the competency
of biology teachers.

Including 21st-century abilities in
student worksheets improves the
competency of teachers.

TPACK's active teaching strategies
help raise student engagement.
Active teaching strategies increase
biology students' interest and
participation.

improves the incorporation of
technology into biology education
strategies.

increases the proficiency of science
instructors in using technology.

TPACK improves the ability to do
practical tasks while learning
remotely.

Instructors of biology have
confidence in their ability to carry
out practical work well.

TPACK can improve participation
by imitating scientific research and
findings.

TPACK stimulates curiosity in
biology and critical thinking
abilities.

The statistical analysis revealed that Qualification standards for
there were no appreciable variations biology instructors in Aceh
in the TPACK proficiency of biology Province
instructors according to their Based on certification and
teaching experience or qualification.  teaching experience, there is
no discernible difference in

TPACK competency.

By incorporating 21st-century Teacher proficiency rising
learning abilities into the Student ~ from mediocre to excellent.
Worksheets, teachers were able to  Orientation, planning, group

improve their ability to make projects, observation, and

meaningful connections across assessment were all part of

biology, chemistry, and physics, the mentoring process.
leading to the desired curriculum
integration.

To increase interest in biology among Active learning decreased

students enrolled in big first-year absenteeism and raised

introductory biology classrooms, biology scores.

active learning and engaging Students cited the benefits of
teaching are used to reduce learning and chose engaging
absenteeism to improve grades. approaches.
The findings highlighted the One new skill that pre-service
necessity of providing in-service  science teachers are learning

science teachers with chances for is TPACK.
ongoing professional development to The Indonesian setting is
enhance their TPACK competencies ignorant about the use of
and remain current with the most technology in education.
recent technological developments in
education.
Teachers of biology typically exhibit TPACK improves the ability
higher levels of self-efficacy in their to do practical tasks while
content knowledge than in their learning remotely.
technological competence. Instructors of biology have

confidence in their ability to
carry out practical work well.

The examination results indicate that Exam performance and
the iterative group's pupils critical thinking are improved
outperformed the control group on by iterative group
questions, and the presentations presentations.
raised both groups' general interest Both presentation approaches
in biology. raised interest in biology.

By fusing pedagogy, content knowledge, and Content Knowledge biology teacher competency in the
technology, which stands for Technological Pedagogical twenty-first century. Studies show that implementing
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TPACK in science instruction improves teacher
performance significantly, particularly in higher-order
thinking skills, which in turn enhances students'
educational experiences (Selly, 2022). Pre-service science
teachers can improve their learning design skills and
TPACK proficiency by using TPACK frameworks such
as the Project-Based Scaffolding TPACK model. This will
help them meet the expectations of 2lst-century
education, which places a strong emphasis on
technology integration. Moreover, TPACK gives
educators the ability to successfully design, carry out,
and evaluate their instructional strategies, preparing
them for the quickly changing 21st-century educational
environment.

TPACK is a key component in raising student
interest in biology courses. Teachers can effectively use
technology to increase students' science process skills,
encourage positive behavioral orientations toward
technology exploitation (Stinken-Rosner et al., 2023),
and improve students' performance and involvement in
class activities (Lai et al., 2022) by incorporating TPACK
into their teaching techniques. Teachers' TPACK skills
have improved significantly as a result of training
programs that emphasize TPACK, such as biology
teachers' training in numerical taxonomy, which has
improved the way students learn about living things and
boosted the use of technology in the classroom. It has
also been discovered that TPACK and student
engagement in science education are improved by
integrating ICT into pre-service teacher courses and
demonstrating optimal teaching techniques with
learning technologies. In general, the incorporation of
TPACK enables educators to design dynamic and
captivating learning spaces that encourage student
involvement and comprehension of biology subject.

Conclusion

The research paper utilized a systematic approach
to identify and select relevant articles for review,
focusing on technological pedagogical and content
knowledge (TPACK) to improve biology teacher
competency. Through a rigorous screening process, a
total of 25 articles were selected for the literature review
stage based on specific inclusion and exclusion criteria.
The findings suggest that a deep understanding and
integration of technology, pedagogy, and content can
enhance biology teachers' competence in the 21st
century. The study highlights the importance of
incorporating the TPACK framework into teacher
training programs to equip educators with the necessary
skills to effectively utilize technology in teaching
biology. It was evident from the review that using
TPACK can lead to improved teaching practices, student

December 2024, Volume 10, Issue 12, 902-913

engagement, and overall learning outcomes in biology
education. The paper's conclusions emphasize the
significance ~ of  enhancing  biology  teachers'
competencies by integrating TPACK seamlessly with

pedagogical ~ approaches and subject-specific
knowledge.
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