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ABSTRACT

This study aimed to develop and evaluate a web-based TPACK scaffolding for online learning to
enhance the TPACK skills of preservice chemistry teachers. The preliminary study identified the lack of a
clear perception of TPACK among preservice chemistry teachers. Therefore, we developed a web-based
TPACK scaffolding tool consisting of five menus: Home, Instructions, Teaching Materials, TPACK Activity,
and Evaluation. The tool provides scaffolding for preservice chemistry teachers to integrate TPACK into
chemistry learning, such as a TPACK integrated syllabus, a TPACK integrated lesson plan, and a TPACK
integration matrix in chemistry learning. We evaluated the readability and comprehensibility of the web-
based TPACK scaffolding using the thinking aloud protocol (TAP) method. In addition, the participants
provided suggestions for improving the website, such as adding an instruction button, grouping learning
activities according to the sequence of scaffolding strategy steps, and grouping integrated TPACK lesson
plans in chemistry learning according to grade levels in high school. The web-based TPACK scaffold-
ing can support and guide preservice chemistry teachers in enhancing their TPACK skills. The tool can
educate them about subject-specific pedagogy with TPACK integration and provide examples of TPACK
activities that could be utilized in teaching and learning chemistry. The study’s findings can enhance pre-

service teachers’ TPACK skills and promote effective integration of technology in chemistry education.

Keywords: web-based TPACK learning, scaffolding, online learning, TPACK skills, preservice teach-

ers, design-based research

INTRODUCTION

In the modern era, the utilization of Information
and Communication Technology (ICT) in develop-
ing economies has led to a search for innovative
learning designs that can improve the quality of
education. To equip students with the necessary
skills for the 21st century, they need to process

information, use technology, and collaborate effec-
tively (Kumala Dewi et al., 2019). These skills
include ICT literacy, collaboration, communica-
tion, social competence, creativity, critical thinking,
and problem-solving. Teachers must also possess
the specific skills to apply suitable ICT tools using
various pedagogical approaches to prepare students
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with 21st-century skills. Additionally, teachers must
understand how and when to use technology effec-
tively to enhance teaching and learning (Valtonen
et al., 2017). Previous research has shown that inte-
grating various technologies into learning can help
preservice teachers understand how these technolo-
gies support a particular curriculum. However, there
is still a need for more research to serve as a refer-
ence for teachers in understanding the potential of
ICT to support teaching and learning. Finally, sci-
ence teachers face particular subject-specific needs
when using technology to connect subject mat-
ter with everyday phenomena to gain a scientific
understanding (Siripongdee et al., 2020). Therefore,
preservice teachers should have courses integrating
ICT into learning. Even though preservice teachers
are familiar with daily ICT, they still struggle to use
it effectively in teaching and learning because they
lack the skills and competencies to integrate tech-
nology (Chayati et al., 2020; Huwer et al., 2018).
Additionally, preservice teachers have difficulty
understanding the pedagogical potential of various
technologies and how to use them to develop 21st-
century skills in students. One way to address this
gap is by using Technological Pedagogical Content
Knowledge (TPACK), a framework that empha-
sizes integrating technology, pedagogy, and content
knowledge (Gawrisch et al., 2020; Tomczyk, 2020).
By incorporating TPACK into their courses, pre-
service teachers can understand how to integrate
technology into the learning process to enhance
student learning. Also, designing a technology-
enhanced learning environment can be an effective
approach to developing TPACK skills in preservice
teachers. This approach provides hands-on expe-
rience for preservice teachers to understand the
potential of various technologies and how they can
support student learning (Polly et al., 2010).
Scaffolding refers to offering support to
learners to assist them in completing complex or
challenging tasks. This support can take many
forms, such as feedback, guidance, and resources.
In light of the increasing digitization of educational
processes and the move towards online activities,
teacher education must focus on enhancing the
quality of academic training for preservice teach-
ers (Kapici & Akcay, 2023; Lazem, 2019; Mertz &
Neiles, 2020). To this end, professional development
should aim to bolster preservice teachers’ compe-
tencies in technology integration. One sustainable

and effective way to achieve this is by introducing
new digital technologies, websites, and software
as scaffolds for preservice teachers in teacher edu-
cation. Such scaffolds can help teachers create
effective online learning experiences using Web
2.0 tools, which provide diverse opportunities for
accessible information, communication, collabora-
tion, interaction, and feedback (Bustamante, 2020).
By scaffolding with Web 2.0 tools, preservice
teachers can develop their TPACK skills through
various opportunities (Fung et al., 2019; Kul et
al., 2019). For instance, they can utilize web-based
discussion forums or social networking sites to col-
laborate with peers and share ideas and resources
related to technology integration in teaching and
learning. Collaborative platforms such as blogs and
wikis can also offer preservice teachers opportuni-
ties to practice creating and sharing digital content
with others. Additionally, they can benefit from
real-time guidance and instructor or mentor feed-
back through video conferencing or screen-sharing
applications (Cetin-Dindar et al., 2018).

Teacher education programs can improve the
preparedness of new teachers to effectively inte-
grate technology in their classrooms by scaffolding
their learning experiences with Web 2.0 tools. This
approach can help preservice teachers enhance their
technology integration competencies and develop
confidence in utilizing various technologies to sup-
port student learning. In light of these findings,
we developed a Web-based TPACK Scaffolding
platform to facilitate the design of technology-inte-
grated chemistry learning. The website serves as
a scaffold to support the development of TPACK
skills by offering TPACK learning activities, design
templates, and examples of TPACK-integrated
chemistry learning. Our research aims to create a
Web-based TPACK Scaffolding platform to enhance
preservice chemistry teachers’ TPACK learning and
TPACK skills. To achieve this aim, we focused on
the following specific objectives:

a. Describe the quality of web-based
TPACK scaffolding for online learning to
enhance the TPACK skills of preservice
chemistry teachers.

b. Determine the effectiveness of web-based
TPACK scaffolding for online learning to
enhance the TPACK skills of preservice
chemistry teachers.
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LITERATURE REVIEW

TPACK Framework

The TPACK framework provides a way to
understand the knowledge and skills teachers need
to integrate technology effectively into their teach-
ing. TPACK consists of three main components:
technological knowledge (TK), pedagogical knowl-
edge (PK), and content knowledge (CK)(Bergeson &
Beschorner, 2020). Technological knowledge refers
to a teacher’s understanding of using technology
tools and resources, while pedagogical knowledge
is their understanding of teaching and facilitating
learning. Finally, content knowledge is the teacher’s
understanding of the subject matter they are teach-
ing. However, the interactions between these three
components are complex and constantly influence
each other, leading to the development of addi-
tional frameworks such as pedagogical content
knowledge (PCK), technological content knowledge
(TCK), and technological pedagogical knowledge
(TPK) (Cetin-Dindar et al., 2018; Rap et al., 2020).
These frameworks focus on the intersection points
between technology, pedagogy, and content knowl-
edge, highlighting the importance of understanding
how these components work together to enhance
teaching and learning. Overall, TPACK and its
related frameworks provide a comprehensive under-
standing of the knowledge and skills teachers need
to integrate technology effectively into their teach-
ing and emphasize the importance of understanding
the interplay between technology, pedagogy, and
content knowledge (Angeli & Valanides, 2009; Rap
et al., 2020).

Web-Based TPACK

Web-based training for teacher education
has become a popular approach for several rea-
sons. One of the main reasons is the rise of Web
2.0 technology, which has made it easier to create
online learning environments that support two-
way interaction, easily accessible information,
and collaboration. With the help of various Web
2.0 applications, teacher education institutions can
provide preservice teachers with the opportunity
to integrate technology and pedagogical practices
through online collaborative discourse. In this
approach, teachers use Web 2.0 applications such
as SkyDrive, wikis, Flickr, WordPress, and Google
Apps to develop TPACK competencies. TPACK
is a framework that helps teachers to integrate

Table1.
TPACK Component and Definition

TPACK

Component Definition

Knowledge about how to use ICT

TK hardware and software

Knowledge about instructional methods, classroom
PK management, lesson planning, educational
theories, student learning, and assessment

Knowledge of the subject matter

oK to belearned or taught

Knowledge of how to facilitate students tolearn
PCK specific content, and the learning environment,
learning activities, and collaboration required

Knowledge of how the various technologies

TPK canbe used in teaching and learning
TCK Knowledge about how to use technology to
represent and create content in different ways
TPACK Knowledge of using various technologies and

pedagogical techniques to teach specific content

technology effectively into their teaching practice
by combining three types of knowledge: content
knowledge, pedagogical knowledge, and techno-
logical knowledge.

The Web 2.0 applications provide various
resources to support the development of TPACK
competencies. For example, SkyDrive and Google
Apps allow teachers to store and share documents,
presentations, and other resources online, mak-
ing it easier for teachers to collaborate and share
ideas with other teachers. Wikis provide a platform
for teachers to collaborate on developing instruc-
tional materials and pedagogical strategies. Flickr
and other image-sharing platforms allow teach-
ers to find and use images in their instructional
materials. WordPress is a platform that can be
used to create online courses and blogs that sup-
port collaborative learning and interaction among
teachers. Using web-based TPACK significantly
and positively impacts preservice teachers’ TPACK
competence and self-efficacy, as shown in studies
by researchers such as Kul et al. (2019) and Luo et
al. (2020). By integrating web-based TPACK into
teacher education programs, institutions can better
prepare preservice teachers to implement technol-
ogy-based learning to teach specific content. This
approach also helps preservice teachers become
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more confident in integrating technology into their
teaching practice.

Web 2.0 technology can scaffold teacher
learning by providing interactive and collabora-
tive platforms for teacher education. Using Web
2.0 tools, preservice teachers can engage in online
learning activities that align with their learning
goals, interests, and strengths (Deng et al., 2017).
These activities may include discussion forums, col-
laborative group projects, and peer review sessions
(Anilan & Berber, 2019). The scaffolding process
begins with identifying the preservice teacher’s
needs, goals, and existing knowledge. Then, based
on this information, an appropriate Web 2.0 tool that
aligns with the learner’s preferred learning style and
interests can be selected. For instance, if a preser-
vice teacher is more visually inclined, a tool like
Flickr, a photo-sharing platform, can create visual
representations of teaching concepts (Baddock &
Bucat, 2008; Chen & Liu, 2020).

Web 2.0 tools can also provide access to infor-
mation and resources that support the preservice
teacher’s learning. For instance, wikis can create
collaborative online encyclopedias where preser-
vice teachers can add and edit content related to
their teaching subjects. Also, blogging platforms like
WordPress can be used to create reflective journals
where preservice teachers can document their learn-
ing process and receive peer feedback (Kumala Dewi
et al., 2019; Lin & Jou, 2013). Finally, Web 2.0 tech-
nology can create online learning communities where
preservice teachers can interact with their peers and
instructors. These communities provide a space for
collaboration, feedback, and support. By working in a
community, preservice teachers can develop a deeper
understanding of teaching concepts and enhance their
TPACK competencies. Overall, the use of Web 2.0
technology can significantly enhance the scaffolding
process for preservice teachers. Providing interactive
and collaborative platforms, access to information
and resources, and online learning communities,
preservice teachers can develop their TPACK com-
petencies and become effective teachers (Chiu et al.,
2019; Fujiwara et al., 2020).

METHODOLOGY

Research Design

This study aimed to develop and evaluate the
effectiveness of a web-based TPACK scaffold-
ing module for preservice chemistry teachers to

enhance their TPACK skills in creating subject-
specific pedagogical strategies. TPACK stands for
Technological Pedagogical Content Knowledge,
which refers to the knowledge and skills needed
to integrate technology into teaching and effec-
tively learn. The researchers used a design-based
research (DBR) method, which involves the itera-
tive design, implementation, and evaluation cycles,
to develop the web-based TPACK scaffolding mod-
ule (Abdallah & Wegerif, 2014). The development
process involved three design cycles based on the
previous cycle’s feedback and findings.

The first cycle focused on identifying the prob-
lem and designing the scaffolding module. We
analyzed the TPACK skills of preservice chemis-
try teachers and designed the module accordingly.
The second cycle evaluated the feasibility of the
module. We conducted forum group discussions
with experts (professional lecturers and chem-
istry teachers) to validate the module’s content
and design. We also performed a feasibility test
to assess the usability and accessibility of the
web-based module. The third cycle evaluated the
effectiveness of the web-based TPACK scaffold-
ing module in enhancing the TPACK skills of
preservice chemistry teachers. We measured the
participants’ TPACK skills before and after using
the module and compared the results to determine
the module’s effectiveness.

Participants

The research involved a group of 69 Chemistry
Education students who were taking the Chemistry
Learning Planning course at Universitas Sebelas
Maret. The participants were selected randomly
and divided into three phases: cycle one, cycle
two, and implementation. The first cycle included
six Chemistry Education students between 18 and
20 years old. In contrast, the second cycle had 30
Chemistry Education students between 18 and 20
years old and eight chemistry experts and pro-
fessional teachers between 50 and 60 years old.
Finally, the implementation phase included 74
Chemistry Education students between 18 and
20 years old. To be eligible for the study, partici-
pants had to be actively enrolled in the Chemistry
Learning Planning course and have completed
relevant courses on technology and education.
This criterion was used to ensure that participants
had a fundamental understanding of TPACK and
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technology in education, which could aid their
comprehension.

In contrast, individuals who did not attend or
complete the Chemistry Learning Planning course
were excluded from participation in the study.
This was done to ensure that only students with
a prior learning experience in chemistry learning
planning were included, as it would aid in their
understanding of the study’s purpose and context.
By utilizing these specific inclusion and exclusion
criteria, we aimed to obtain reliable and represen-
tative responses from the participants regarding
the efficacy of the web-based TPACK scaffold-
ing in enhancing the TPACK skills of Chemistry
Education students. The study analyzed a group of
Chemistry Education students who were enrolled
in the chemistry learning planning course and
selected randomly. Table 2 provides an overview of
the participants’ characteristics.

Table 2.
The Characteristics and Distribution of the Participants

the website’s feasibility. The TPACK ability test
was implemented in Cycle 3, which consisted of
20 pretests and posttest questions to measure the
TPACK proficiency of aspiring chemistry teachers.
The survey covered two CK items, three PK items,
two TK items, four PCK items, three TPK items,
three TCK items, and four TPCK items. By uti-
lizing diverse tools that covered different aspects,
the study gathered adequate data to evaluate the
effectiveness of web-based TPACK scaffolding as
a training method for chemistry teachers.

Validity and reliability

We used the Aiken validation analysis method
to validate the instruments used in the research.
The validation process involved six experts from
different fields, including subject matter, instruc-
tional design, learning, evaluation, language, and
education. The experts provided their opinions
on the questionnaire and structured interviews to
determine how much the instruments measured the
desired TPACK construct. The Aiken validity anal-

Range Gender ysis mgthod was used to calcqlate the correla‘Fion
Stages Participant | Age Female Male cogfﬁment between each question on the question-
(years) |  (n/%) (/%) naire an‘d‘the 0V§r§111 questionnaire score to assess
Preliminary | 69 preservice the empirical validity of the instrument (Saefi et al.,
Analysis teachers 18-24 | 56/81.16% | 13/18.84% 202Q). The ;esults showed that gll instruments and
6 proservice media used in ‘Fhe gtudy had Alkep Vahd¥ty scores
Cycle1 teachers 18-20 | 5/83.33% | 1/16.67% above 0.75, indicating good empirical validity.
i Table 3.
Cycle? SOtil;ecsh:rr\gce 18-20 21/30% 3/10% Aiken Validation Results
8 experts 50-60 6/75% 2/25% Total
T4 preservice Product/Instrument Nur_nber of Assessment Stapdard
Cycle3 18-20 66/91.4% 8/8.6% Validators - Valid (V)
teachers Criteria
L
Instrumentation TPACK Evaluation
We employed various data collection tools to Instrument 8 4 0.75
assess the effectiveness of using web-based TPACK
scaffolding in training programs for chemistry TPACK Understanding 8 4 075

teachers. Initially, we administered a web-based
survey comprised of 30 questions related to seven
TPACK components, which included CK, PK, TK,
PCK, TPK, TCK, and TPCK items. In addition, we
conducted structured interviews with eight ques-
tions to validate the survey findings and ensure
consistency. To assess the clarity and comprehen-
sion of web-based TPACK scaffolding in Cycle
1, we used the TAP tool. In Cycle 2, a validation
sheet with eight assessors was utilized to validate

Questionnaire

We tested the reliability of the TPACK instru-
ment using Cronbach’s alpha method, which is
commonly used to assess instrument reliability.
The results showed that the instrument was reli-
able, with a Cronbach’s alpha value of 0.85. This
indicates that the instrument can be consistently
relied on to measure specific individual abilities
or characteristics and can be confidently used to
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Table 4.
Data Collection in Three Stages

Data Collection | Participants

Purpose

Cycle1

TAP (Thinking

6 preservice chemistry teachers
Aloud Protocol) p y

Overview of issues that need to be fixed when using web-based TPACK scaffolding.
Overview of the responses from preservice chemistry teachers as

users towards developing a web-based TPACK scaffolding.

Cycle?2

1.FGD (Focus Group 8 experts (professional lectures

Overview of the functionality and suitability of the content, the visuals, and

Discussion) and chemistry teachers) the communicative language of the web-based TPACK scaffolding.
, . 35 preservice chemistry Overview of the content, language, display, and graphics of the
2. Students’ Reflection teachers web-based TPACK scaffolding based on user opinions.
Cycle3
. 74 ice chemi . . .
Implementation presi;\;f:eisemlstry Implementation in class with one experimental group and one control group.

assess TPACK levels in students taking instruc-
tional design courses. A high-reliability value also
suggests that the TPACK instrument can produce
accurate and valid data in measuring the same
construct in the same population. Furthermore,
Confirmatory Factor Analysis was used to test
the model’s fit. The results showed that the tested
model had low error rates with a Root Mean Square
Error of Approximation (RMSEA) value of 0.0633.
In addition, the Comparative Fit Index (CFI) value
of 0.965 indicated that the tested model fit well
with the observed data. In contrast, the Tucker-
Lewis Index (TLI) value of 0.918 indicated a high
model fit. These fit-measure values suggested that

Figure .
Stages of Design-Based Research to Development Web-Based TPACK_Scaffolding

the model had good quality, with an ideal TLI
value of around 0.90.

ETHICAL APPROVAL

The description above outlines the ethical con-
siderations and measures that were implemented in
researching and developing a web-based TPACK
scaffolding for online learning to enhance the
TPACK skills of preservice chemistry teachers.
These measures included obtaining necessary
approvals from the school board and university eth-
ics committee, ensuring the voluntary participation
and confidentiality of participants, securely stor-
ing data, consulting with the institutional review

* Analysis of TPACK
Perception on preservice
chemistry teacher

Prelimin
ary
Study

 Implementation
and reflection

Y

 Literature Review

*Design web-based
TPACK scaffolding

Develop
ment of
Solution

~

Interacti
ve Cycle

eCycle 1: Analysis of
readability
and comprehensibility

e Cyle 2 Analysis of

faacibility/
......... 12
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board, adhering to ethical principles of the APA and
Declaration of Helsinki, obtaining written informed
consent, and using the data for publication purposes
with participants’ agreement. These measures were
in place to ensure the participants’ safety, privacy,
and well-being and to meet ethical standards.

DATA COLLECTION AND ANALYSIS

The study comprises four stages: Preliminary
Analysis, Cycle 1, Cycle 2, and Cycle 3. Each stage
was equipped with specific instruments and data
analysis methods. The primary objective of the
Preliminary Analysis stage was to ensure that the
media created aligned with the issues present in the
field. The initial data related to TPACK knowledge
was gathered through a questionnaire administered
to chemistry teachers, which we then analyzed to
identify the weakest component of each TPACK.
Finally, the data collected from the questionnaire
was tabulated and analyzed to determine the high-
est and lowest scores of each TPACK content and
how web-based TPACK scaffolding can address
this issue.

In Cycle 1 of the study, six chemistry student
teacher candidates were asked to use the TAP
instrument to provide their initial response to the
web-based TPACK scaffolding. We then analyzed
the responses qualitatively to improve the scaffold-
ing before moving on to the validation and limited
field trial stages. Cycle 2 involved a validation
stage where eight experts were invited to partici-
pate in a focus group discussion to validate the
web-based TPACK scaffolding and its instruments.
We analyzed theresults of the validation using the
Aiken technique. Finally, a pilot project product
trial was conducted with 35 volunteer students who
had taken a learning planning course. We adminis-
tered aquestionnaire to identify any shortcomings
in the scaffolding’s content, language, display, and
graphics. We then used the results to improve the
scaffolding before we used it in the actual course.

We divided the students into experimental and
control groups in the implementation stage. Cycle
3. Both groups consisted of 37 students, and their
pretest and posttest scores were evaluated using
EXCEL and SPSS 24.00 software. We used a #-test
to determine if there was a significant difference
between the students’ academic achievements in
both groups before the application. The experi-
mental group received the web-based TPACK

scaffolding for online learning, while the control
group received traditional instruction. We ran-
domly assigned the preservice chemistry teachers
to the experimental and control groups. We col-
lected data from the pretests and posttests and
analyze the data using descriptive and inferential
statistics such as means, standard deviations, inde-
pendent-samples #-test, and ANOVA to identify
any significant differences between the experimen-
tal group and the control group.

RESULT AND DISCUSSION

Preliminary Analysis

A preliminary study served to identify prob-
lems and needs in a study. We conducted a
preliminary study to identify preservice chemistry
teachers’ perceptions of TPACK. The preliminary
study results show that although preservice chem-
istry teachers understand CK, PK, and TK well,
their understanding of integrating technology into
content and pedagogy (TCK, TPK, and TPCK)
still needs improvement.

We utilized the preliminary study results, which
demonstrated that preservice chemistry teachers
lacked a clear perception of TPACK, as a basis for
developing a web-based TPACK scaffolding for
online learning to enhance their TPACK skills. The
aim of developing the web-based TPACK scaffold-
ing for online learning was to support and guide
preservice chemistry teachers in enhancing their
TPACK skills. The tool was designed to educate
them about SSP as an integrated TPACK lesson
design in chemistry learning. It also introduced
them to various TPACK activities that could be uti-
lized in teaching and learning chemistry. Although
the preservice chemistry teachers involved in the
study understood CK, PK, TK, and PCK, they
were not as familiar with TCK, TPK, and TPCK,
making it challenging to incorporate technology
effectively into their teaching practice (Gawrisch
et al., 2020).

Nonetheless, the teachers acknowledged
the importance of technology in education.
Furthermore, they agreed that using technology
appropriately could improve students’ compre-
hension of the subject matter, indicating that they
had the potential to develop their TCK, TPK, and
TPCK knowledge through specialized training and
support. Figure 2 shows the preservice chemistry
teachers’ responses in the preliminary study.
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Figure 2.
Perception of Preservice Chemistry Teachers

82.00%
80.00%
78.00%
76.00%
74.00%
72.00%
70.00%
68.00%
66.00%
64.00%

80.96%
79.96%

CK PK

Development

The preliminary study results were used to
develop a web-based TPACK scaffolding for online
learning to enhance the TPACK skills of preservice
chemistry teachers. The developed tool com-
prises five menus: Home, Instructions, Teaching
Materials, TPACK Activity, and Evaluation. The
Home button functions to return to the home page,
while the Instructions menu contains a guideline
for preservice chemistry teachers to use the web-
based TPACK scaffolding. The Teaching Materials
menu contains examples of subject-specific peda-
gogy with TPACK integration, TPACK integrated
syllabus, TPACK integrated lesson plan, and a
TPACK integration matrix in chemistry learning
(Bergeson & Beschorner, 2020; Kapici & Akcay,
2023). The TPACK Activity menu consists of
activities for preservice chemistry learning with
scaffolding strategy steps and the Inl-On-In2
scheme as scaffolds to develop TPACK skills.
Finally, the Evaluation menu consists of an assign-
ment for preservice chemistry teachers to reflect on
the process and outcomes of TPACK learning. The
interface of the web-based TPACK scaffolding is
presented in Figure 3.

Web-based TPACK provides scaffolding for
preservice chemistry teachers to integrate TPACK
into chemistry learning. The Teaching Materials
section uses various types of scaffolding to enhance
teachers TPACK skills. The TPACK integrated
syllabus and lesson plan can be an sample les-
son that provides examples of learning designs on
some chemistry subject matter that appropriately

78.84%

77.92%

TK PCK

72.91% 73.91%
. 0

TCK TPK

integrate each component of TPACK (Kapici &
Akcay, 2023). The TPACK integration matrix con-
tains descriptions and examples for each TPACK
component integrated into the designed learning.
In addition, Teaching Materials also has videos
about technology-integrated chemistry learning
that provide an overview of the ideal interaction
of technology, pedagogy, and content in the class-
room (Yu, 2021). Finally, the TPACK Activity
section on web-based TPACK scaffolding contains
some TPACK learning activities for preservice
teachers that provide experience and practice skills
to improve their understanding of the integration of
TPACK into chemistry learning (Erna et al., 2021).

Cycle 1

This cycle evaluated the readability and com-
prehensibility of web-based TPACK scaffolding
using TAP (thinking aloud protocol). The TAP
method allows researchers to get an overview of
what users think about the researcher’s design
(Fonteyn et al., 1993). In the TAP process, the par-
ticipants think aloud while operating the web-based
TPACK scaffolding. We asked participants to say
whatever came into their minds as they operated
the website. This might include what they are look-
ing for, thinking, doing, and feeling. Participants
gave several responses and suggestions based on
their experience when using the website. Some of
the responses are:

69.92%

TPCK

[ think the integration of technology into
learning is difficult. Learning activities
must be structured to make it easier
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Figure 3.
The Interface of Web-Based TPACK Scaffolding

Agar lebih memahami integrasi TPACK dalam pembelajaran kimia,
cermatilah matriks integrasi TPACK di bawah ini !

Contoh Rencana Pelaksanaan Pembelajaran (RPP) Terintegrasi
TPACK

Screenshot 2: This web provided examples of

Screenshot 3: This web provided with video resources

for preservice teachers to understand
TPACK and implement various digital
tools for their learning. (Participant A,
12 February 2021)

The web is easy to use, but users need
guidelines to help preservice teachers

get a clear picture of the goal of their
learning and provide them with necessary
information about the web. (Participant
B, 12 February 2021)

In my opinion, it needs to add examples
of integrating technology in chemistry
learning to provide preservice chemistry
teachers with practical experience to
create their lesson plans. (Participant C,
12 February 2021)

Based on the TAP result, participants gave
some suggestions for website improvement, such
as adding an Instruction button to the menu that
will provide guidelines for preservice chemistry

teachers using the website for TPACK learning
(Koh, 2019). The guideline provides users with
information to understand more easily the objec-
tives and learning flow when working with this
website. Learning activities on the TPACK activ-
ity menu are grouped according to the sequence
of scaffolding strategy steps. One improvement
is to create buttons for each TPACK activity in
service-learning for on-the-job learning and for
service-learning. Each section will provide learn-
ing activities, assignments, and projects related
to integrating TPACK into chemistry learn-
ing. Another improvement is to group integrated
TPACK lesson plans in chemistry learning accord-
ing to grade levels in high school, which will make
it easier for preservice chemistry teachers to find
chemistry topics according to grade. In addition,
integrated TPACK lesson plans can be used as a
reference for preservice teachers designing their
lesson plans (Koh, 2019; Poitras et al., 2019).

Web applications provide friendly user inter-
faces and various functionalities (Lin & Jou, 2012).
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Figure 4.

Response of Preservice Chemistry Teachers to Feasability of TPACK Scaffolding

GRAPHICS 78.98%

DISPLAY 80.09%

LANGUAGE 85.48%
CONTENT 83.40%
B Agreement
Cycle 2

We used student reflection in Cycle 2 to evalu-
ate the feasibility of web-based TPACK scaffolding.
Participants gave responses regarding content, lan-
guage, display, and graphics. The results of these
responses are presented in Figure 4.

Figure 4 shows that the participants found
the content, language, display, and graphics of
web-based TPACK scaffolding to be feasilble
(above 75%), which means this website meets
the feasibility test. In the content aspect, preser-
vice chemistry teachers agreed that the content
regarding the integration of TPACK in chemistry
learning on this website was well explained and
easy to understand. They agreed that this web-
site’s content was appropriate as a scaffold to help
them develop their TPACK skills. They found
that aspect language, display, and graphics were
well designed, but several parts were lacking.
The language in the website used communicative
sentences so that preservice teachers could eas-
ily understand it. Display and graphics on this
website used colors, shapes, and sizes of objects
that are proportional and do not interfere with the
understanding of preservice teachers. Web-based
TPACK scaffolding will be used to promote the
TPACK learning of preservice chemistry teachers

21.02%

19.91%

14.52%

16.60%

m Disagreement

so that the development carried out considers
their comfort and understanding as users.

The technology context synthesizes the student
experience when engaged in a web application-
supported learning environment (Lin & Jou, 2012,
2013; Mertz & Neiles, 2020). Web-based TPACK
scaffolding provides references related to TPACK
and TPACK activities that preservice teachers can
use as scaffolds to synthesize their understand-
ing and experience of the integration of TPACK
in chemistry learning. The various types of scaf-
folding provided in online learning through the
web-based TPACK scaffolding can be used to sup-
port preservice chemistry teachers in developing
their TPACK skills (Ryan & Reid, 2016).

Implementatian and Reflection

Cycle 3 aimed to implement and reflect on the
revised TPACK scaffolding for chemistry preser-
vice teachers after Cycle 2. This stage involved 74
preservice teacher students, and an ANOVA test
was conducted after analyzing the factors in Table
4. At the end of the cycle, each preservice teacher
was given a TPACK mastery test to assess their
understanding of TPACK. The results are summa-
rized in Table 5.
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Tableb.
Homogeneity, Normality and t-test Comparison Test Results
Si
Group SD N - 9(p) -
Homogeneity | Normality
Control 3.60 37 0.200
- 0.63
Experimental 2.93 37

Before conducting an ANOVA analysis, it is
important to ensure that certain prerequisites are
met. These prerequisites involve checking for the
normality of data distribution and homogeneity of
variance. Normality pertains to the requirement
that data follow a normal distribution, which can
be assessed through a normality test, such as the
Shapiro-Wilk test. Homogeneity of variance per-
tains to the requirement that the variances of the
groups being compared are roughly the same, which
can be evaluated using Levene’s test. Fulfilling these
prerequisites is crucial to guaranteeing the reliabil-
ity and precision of the ANOVA findings.

Table 6.
TPACK Understanding Test Results on Preservice Chemistry Teachers

Variance of Sum of Mean .
df F Sig
Source Squares Square
Between Groups | 39.405 1 39.405
15.057 0.000
Group 188.432 | 12 2.617

The use of the web-based TPACK scaffold-
ing for online learning is considered an effective
approach to enhance preservice teachers’” TPACK
skills in the field of chemistry. This approach is
based on the TPACK theory, which incorporates
technology, pedagogy, and content knowledge to
create an ideal learning setting. According to the
TPACK theory, teachers should possess integrated
knowledge of technology, pedagogy, and content
to facilitate the development of students” TPACK
skills (Cetin-Dindar et al., 2018; Rap et al., 2020).
Therefore, the web-based TPACK scaffolding is
designed to provide relevant guidance and support
to preservice teachers to develop students’ TPACK
skills during the learning process. The scaffolding
approach utilized in this method helps preservice
teachers to gradually develop their TPACK skills,
starting with the basics of TPACK and moving to
more advanced concepts, with appropriate support

and guidance provided at each stage (Tomczyk,
2020; Valtonen et al., 2018).

The web-based TPACK scaffolding method
for online learning offers an innovative solution
to improve preservice teachers’ TPACK skills in
chemistry and address the challenges of 21st-cen-
tury education. With the increased emphasis on
digital literacy and technology integration, pre-
service teachers must have a solid foundation in
TPACK (Koh et al., 2018; Valtonen et al., 2017).
This method allows them to develop these skills
using relevant technology and chemistry learning
materials in several stages. First, preservice teach-
ers develop their understanding and experience
using technology in chemistry learning, starting
with general chemistry learning materials and the
relevant technology. Then, more advanced TPACK
development is achieved through experience and
support for integrating technology and chemistry
learning content (Bergeson & Beschorner, 2020;
Kul et al., 2019).

Online learning through the web-based TPACK
scaffolding provides a structured approach to help
preservice teachers develop their TPACK skills
in chemistry through Web 2.0 technology. This
approach begins with an initial stage where preser-
vice teachers gain an understanding of technology
and its role in chemistry learning (Otrel-cass et al.,
2012). Then, to build their foundational knowledge,
they are introduced to general chemistry learning
materials and relevant technologies, such as online
simulations and digital resources. In the next stage,
preservice teachers integrate technology and peda-
gogy through online collaborative discourse with
peers and instructors (Cetin-Dindar et al., 2018;
Tan et al., 2019; Valtonen et al., 2017). This collab-
oration allows for sharing ideas and experiences,
which helps participants develop a deeper under-
standing of TPACK concepts. Web-based TPACK
scaffolding for online learning offers a platform
for preservice teachers to engage in meaningful
discussions about integrating technology and peda-
gogy in chemistry learning. As preservice teachers
become more proficient in using technology and
pedagogy to support chemistry learning, they move
to the final stage of TPACK development. They
are encouraged to design and implement technol-
ogy-based learning activities that teach specific
chemistry content. This hands-on experience pro-
vides a practical application of TPACK principles
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and allows preservice teachers to gain confidence
in integrating technology and pedagogy effectively
(Polly & Byker, 2020; Zhang et al., 2019).

Web-based TPACK scaffolding for online
learning is a comprehensive approach that effec-
tively enhances preservice teachers’ TPACK skills
by integrating technology, pedagogy, and content
knowledge (Yamtinah et al., 2019). By using this
method, preservice teachers can develop their
digital literacy skills by learning how to use tech-
nology effectively in teaching and learning. They
can also develop their pedagogical knowledge by
learning how to design and deliver engaging learn-
ing experiences that promote student learning.
Additionally, they can develop their content knowl-
edge by deepening their understanding of the
subject matter (Fahmina et al., 2019). Web-based
TPACK scaffolding for online learning is crucial to
21st-century education as it addresses the needs of
the ever-evolving education landscape. Preservice
teachers who learn this method are equipped with
essential skills for effective teaching and learning
in preparing students for the digital age. In addi-
tion, this approach helps preservice teachers meet
the demands of 21st-century students who are tech-
savvy and expect engaging and effective learning
experiences. Ultimately, this method ensures that
preservice teachers are well-prepared to excel in
their profession and contribute to the development
of the education sector (Koh et al., 2018).

The web-based TPACK scaffolding for online
learning method is a systematic approach designed
to enhance the TPACK skills of preservice teach-
ers. It involves several stages, introducing general
chemistry learning materials and relevant tech-
nology to develop preservice teachers’ digital
literacy skills (Chai & Koh, 2017; Gawrisch et
al., 2020; Mertz & Neiles, 2020). As they prog-
ress, the method supports integrating technology
and content knowledge by developing pedagogi-
cal knowledge through designing and delivering
engaging learning experiences that promote stu-
dent learning. Additionally, preservice teachers
deepen their understanding of the subject matter
and improve their content knowledge. By integrat-
ing technology, pedagogy, and content knowledge,
preservice teachers can comprehensively under-
stand effective teaching practices in the digital age
(Koh et al., 2018; Poitras et al., 2019). This method
is particularly relevant in 21st-century education,

because it emphasizes digital literacy and technol-
ogy integration. Preservice teachers who undergo
this method learn essential skills for effective
teaching and learning in preparing students for the
digital age (Huwer et al., 2018; Luo et al., 2020).
This approach also meets the demands of tech-
savvy 2lst-century students who expect engaging
and effective learning experiences. Ultimately, this
method ensures that preservice teachers are well-
prepared to excel in their profession and contribute
to the development of the education sector.

CONCLUSION

The study aimed to develop a web-based
TPACK scaffolding for online learning to enhance
the TPACK skills of preservice chemistry teach-
ers. The tool comprised five menus: Home,
Instructions, Teaching Materials, TPACK Activity,
and Evaluation. In Cycle 1 we evaluated the read-
ability and comprehensibility of the tool using TAP.
Participants suggested adding instructions, group-
ing learning activities, and grouping integrated
TPACK lesson plans according to grade levels in
high school. In Cycle 2 we evaluated the feasibil-
ity of the tool using student reflection. Participants
found the tool easy to use and understand and con-
sidered it helpful for TPACK learning. The study
demonstrated that web-based TPACK scaffolding
is a potential new way to engage students in mean-
ingful teaching and learning activities.The teaching
materials on the website use various types of scaf-
folding to enhance preservice chemistry teachers’
TPACK skills. The TPACK integrated syllabus and
lesson plan provide examples of learning designs for
some chemistry subject matter that integrate each
component of TPACK appropriately. The TPACK
integration matrix contains descriptions and exam-
ples for each TPACK component integrated into
designed learning. In addition, teaching materials
equipped with videos about technology-integrated
chemistry learning provide an overview of the ideal
interaction of technology, pedagogy, and content in
the classroom. The TPACK Activity section on the
website contains TPACK learning activities for pre-
service teachers that provide experience, develope
skills, and improve understanding of the integration
of TPACK into chemistry learning. In addition, the
Evaluation menu consists of an assignment for pre-
service chemistry teachers to reflect on the process
and outcomes of TPACK learning.
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Web-based TPACK scaffolding is a helpful
tool for preservice chemistry teachers to integrate
TPACK into chemistry learning. This study high-
lights the importance of providing guidelines and
clear learning objectives for preservice teach-
ers using the website. The study also suggests
that grouping learning activities according to the
sequence of scaffolding strategy steps and accord-
ing to grade levels in high school can improve
the website’s usability. Web applications provide
friendly user interfaces and various functionalities.
Therefore, teachers must have sensible rationales
when considering how to implement the web
application to assist them in managing classroom
learning activities. The web-based TPACK scaf-
folding development is intended to meet the needs
of preservice chemistry teachers, and their sugges-
tions for improvement are important to consider.
Overall, the study demonstrated the potential of
web-based TPACK scaffolding for enhancing
preservice chemistry teachers’ TPACK skills and
improving chemistry learning.
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