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Abstract

Purpose: Prospective teacher educations has the challenge of being able to equip teachers with the skills to manage
classroom learning by utilizing various technological resources. One approach that can be taken is to design lectures who
can contribute to the development of TPACK. This study examines the suitability of online learning practices in earth and
space science courses for the development of TPACK prospective for prospective science teachers in primary education.
Methodology: The survey research was conducted on 68 students who took Earth and Space Science courses online in the
even semester of 2019/2020. Factor Analysis and Structural Equation Modelling (SEM) were conducted to analyse the
validity of the instrument and testing of hypotheses.

Results: The result of the factor analysis showed that the 27 instruments used had sufficient correlation to confirm the
structure of each variable. SEM analysis results show that online learning that has been implemented has a positive and
significant effect on the development of pre-service teacher TPACK.

Applications/ Originality/Value: These findings are a reference for those who intend to develop an online learning framework
that can support the development of TPACK for prospective teachers.

Introduction

Learning that occurs in schools today has experienced a shift from convegtional learning to ICT-based learning.
Preparing teacher candidates to be able to integrate technology effectively in their future classrooms is considered
an indispensable component of teacher education programs worldwide (Drummond & Sweeney, 2017). One
learning approach that can integrate technology into learning is the TPACK (Technology, Pedagogical Content
knowledge) framework which emphasizes the integration of technology, pedagogy and content in learning. This
approach requires teachers to be able to involve the use of technology to create alearning environment, but still
pay attention to the pedagogical elements inherent in learning content when the content is taught to students.

One of the important roles of teachers in learning is the ability of a teacher to keep up with technological
developments and have good ICT literacy in order to be able to fully support online learning. Without good
mastery of ICT, the role of teachers in facilitating online learning activities that access knowledge from various
digital content sources will experience difficulties. Primary school teacher education study programs have the
responsibility of producing primary school teacher graduates who are able to answer these challenges. One way
that can be done is to design a lecture program that equips prospective teachers in integrating technology into
learning.

Earth and space science lectures given to the primary school teacher education study program are a
potential course for developing TPACK abilities, the online learning policy implemented by the government
on the covid-19 mass requires lecturers to restructure the lecture process from previously carried out offline to
online lectures and the resulting impact on the TPACK development process that had previously been carried
out in offline learning. Based on this, the question of this research is whether online earth and space science
courses can positively and significantly support the development of TPACK for prospective science teacher in
primary education?
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Literature Review

Technological Pedagogical Content Knowledge (TPACK)

TPACK is a theoretical framework for describing and studying teacher professional knowledge. TPACK
consists of three main components, namely: technological knowledge (TK), pedagogical knowledge (PK) and
content knowledge (Koehler et al., 2013). TPACK was originally developed by Shulman’s who described PCK
(Pedagogical and Content Knowledge) (Shulman, 1986, 1987). The TPACK model is an extension of the PCK
concept by adding technology as a special type of teacher knowledge.

TPACK is a basic foundation of effective technology, knowledge of what makes a concept or easy to learn
and how technology can help solve some of the problems that make students; knowledge of how technology
can be used to develop existing knowledge and to develop new epistemologies or destroy old epistemologies
(Mishra & Koehler, 2006). TPACK is a strategic way of thinking when involved in planning, organizing specific
content for specific student needs and specific classroom situations while considering many twenty-first century
technologies with the potential to support student learning. (Niess, 2008 ). TPACK is specifically referred to
as contextual knowledge that integrates technology and pedagogy on specific knowledge (Angeli & Valanides,
2009; Archambault & Barnett, 2010). Teachers need a special form of professional knowledge called pedagogical
contegt knowledge technology (TPACK) to support ICT integration Wishra & Koehler, 2006).

In the last decade, researchers have extensively used the TPACK to guide the design of teacher education
programs. TPACK s accepted as animportant framework for determining how well teachers integrate technology
into their classrooms (Baran et al., 2019). Because the understanding of TPACK is hidden in the spontaneous
actions of tegrhers, many studies on TPACK call for the use of new approaches to examining TPACK in practice
(Chai et alj!ﬁl 3). One approach is the conceptualization of teacher pracigigal knowledge which places TPACK
onthe teacher’s teaching practice and experience (Yeh et al, 2014). Then}e most common measurement tool
for investigating TPACK is the self-report survey, which provides data on self-efficacy, beliefs, and attitudes of
prospective teachers (Baran et al., 2019).

Earth and Space Online Course Based on TPACK Framework

Earth and space science is one of the science courses held in the primary school teacher education study program.
The main purpose of holding this course is to provide a comprehensive understanding of the concept of earth
and space sciences as well as a means of training for prospective teachers to design earth and space science
learning for elementary school learning. This course discusses the basic concepts of the earth including the
lithosphere, hydrosphere and atmosphere, natural resources, and terrestrial natural disasters. It also discusses the
basic concepts of space including galaxies, stars, planets, satellites, comets, asteroids and other celestial bodies
and phenomena related to them.

In this course, there are many discussed concepts related to natural phenomena whichin real conditions are
difhcult to find directly, either because of the time cycle constraints the phenomenon appears or due to limited
observations. So in learning earth and space science, videos, simulations, animation, computer modeling and
other digital media are often used to study natural phenomena that are not directly accessible to observations.
With a lecture system that involves a lot of ICT, this course is very potential to then equip prospective teachers
with ICT integration skills into learning by referring to the TPACK framework.

Previous research has developed a teacher education model to prepare prospective teachers to be able to
integrate technology in their future classrooms (Tondeur et al,, 2016 ). According to the findings of this review,
there are 6 strategies that can be used by teacher education to develop TPACK.

1. Educators must provide useful examples as role models and important motivators for the development of
TPACK prospective teachers

2. Prospective teachersneed to observe, discuss and reflect collaboratively on the successful use of technology
in terms of the benefits, values and approiiateness of using technology (Lim & Chan, 2007)

3. Prospective teachers need to be given the opp: ity to learn about technology integration by evaluating
and designing curriculum materials (Angeli & Valanides, 2009).
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Collaboration with peers seems to provide a low-threat learning environment for prospective teachers,
thereby reducing anxiety and avoiding failure (Angeli & Valanides, 2009).

Teacher candidates need to apply their knowledge of educational technology in authentic settings
Ongoing and process-oriented feedback is useful for building the ability of prospective teachers to use
technology in the classroom (Banas & York, 2014).

Based on the TPACK-oriented teacher candidate education guidelines as previously explained, before

the learning from home policy was implemented during the Covid-19 pandemic, face-to-face earth and space

science courses focused on developing TPACK for prospective teachers. Several aspects contained in lectures

that show support for the development of TPACK prospective teachers include:

1.

In some initial lectures, prospective teachers are introduced to the content of the Earth and space science
curriculum for learning in elementary schools

In the next several lectures, prospective teachers were introduced to digital applications, web, games and
other ICT devices that could provide technological support for learning earth and space science.

In the next few lectures, prospective teachers were introduced to 2 1st century pedagogical skills that can be
used in learning in elementary schools.

In the next fewlectures, prospective teachers are given project assignments to design an earth science and
space science learning activity for elementary school students by taking into account the suitability of
content, 21st century pedagogical skills and the use of ICT.

The remainder of the lecture is used for micro teaching, where prospective teachers act as real teachers to
realize the learning activities they have designed.

Lecturers and other prospective teachers will provide an evaluation of the micro teaching activity.

After the study from home policy was implemented, the lecture process was carried out online using

several video conference applications. the practice of micro teaching recovery based on TPACK development is

still maintained, but there are adjustments in several aspects, including:

1.

(93]

21st century pedagogic skills were introduced to teachers who were previously aimed at designing oftline
learning activities, then expanded to designing online learning activities.

ICT integration, which previously used to be the use of video, animation, web and computer modeling
applications, is also extended to the aspects of using online distance learning applications.

micro teaching activities that were previously designed for face-to-face activities are extended to online
distance learning activities.

Figure 1 shows how the process of transforming earth and space science lectures based on the TPACK

framework from offline learning to online learning. Through this research, it will be tested whether the online
lecture practice thatis designed is able to contribute to the development of TAPCK.
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Figure 1: The transformation of earth and space science lectures based on the TPACK framework from offline
learning to online learning.

Method

This study used a survey research design. It is a quantitative research procedure that is carried out to describe
the attitudes, behavior and characteristics of a population. The type of survey used was a survey with a cross-
sectional design, in which the researcher collected data at a point in time (Creswell, 2012). In this study, the
aspects that will be measured through survey instruments include the quality of online Earth and space science
lectures, technology knowledge, content knowledge, pedagogical knowledge and TPACK.

Proposed Conceptual Framework

The proposed research model shows the direction of the hypothesized relationship between variables as shown
in Figure 2. Based on the Proposed Conceptual Framework shown in Figure 1, the hypotheses to be tested
through SEM analysis in this study are as follows:

H1 : Earth and space science online lectures have a positive and significant effect on the development
of pedagogical knowledge.

H2 : Earth and space science online lectures have a positive and significant effect on the development
of content knowledge

H3 : Earth and space science online lectures positively and significantly affect the development of
technological knowledge.

H4 : Online lectures on earth and space science, through the development of pedagogical knowledge,
content and technology have a positive and significant effect on the development of TPACK
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Figure 2. Proposed Conceptual Framework

Participants

The subjects of this study were 68 students who took Earthand Space Science courses online in the even semester
0f 2019/2020, consisting of 7 (10.29%) male and 61 (89.71%) female.

Measures

In this study, an instrument in the form of a survey questionnaire was used. This survey instrument is used
to explore quantitative data on the variables of Online Learning (OL) Pedagogical Knowledge (PK), Content
Knowledge (CK), Technology Knowledge (TK) and Technology Pedagogical Content Knowledge (TPACK).

The five variables are then broken down into 27 survey instruments using a 1-6 Likert scale. The indicators for
the 27 instrument items can be seenin the table 1

Table 1. Research variable indicators.

Variable Item Code Item Indicator
Online Learning OL1 Contribution of online lectures to the development of pedagogical knowledge
Quality (OL) oL2 Contribution of online lectures to the development of content knowledge
oL2 Contribution of online lectures to the development of technological knowledge
Pedagogical PK1 Learning strategies to guide students in group discussions
Knowledge (PK) PK2 Learning strategies to train students’ critical thinking skills
PK3 Learning strategies that can guide students to learn independently
PK4 Learning strategies that can practice students’ reflective thinking skills
PKS Learning strategies that can practice student problem solving skills
PK6 Learning strategies that can train students’ creative skills
Content Knowledge CK1 Knowledge to develop earth and space science content
(CK) CK2 Knowledge of basic theories and concepts of earth and space sciences
CK3 Knowledge of the history and development of important theories in the earth and

space sciences
CEK4 Knowledge of the latest research in earth and space sciences.
CKS Knowledge of the application of earth and space science in everyday life.
CKé Knowledge of developing simple practical skills in earth and space sciences
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Variable Item Code Item Indicator
Technology TK1 Knowledge of the right types of technology used in the learning process
Knowledge (TK) TK2 Knowledge of the latest technology that can be used to communicate with many
people together
TK3 Knowledge of applications that can be used to create and process images
TK4 Knowledge of applications that can be used to create and process videos
TKS Knowledge of applications that can be used to create and process animation
TK6 Knowledge of web sites that can be visited and studied to improve one’s abilities
in the field of technology
Technology TPACK1  Knowing how to use ICT inscience learning to facilitate students so they can
Pedagogical Content practice reflective thinking skills
Knowledge TPACK2  Knowing how to use ICT in science learning to facilitate students to learn
(TPACK) independently
TPACK3  Knowing how to use ICT in science learning to facilitate student problem solving
activities in groups
TPACK4  Know how to use ICT in science learning to facilitate students so they can
practice creative thinking skills
TPACKS  Knowing how to use ICT inscience learning that can facilitate students to work
in groups
TPACK6  Knowing how to use ICT in science learning to facilitate students to practice
critical thinking skills.
Data Analysis

To test the validity of the research instrument and to test the hypothesis of the research model, factor analysis
and PLS (Partial Least Squares) SEM-VB (Structural Equation Modeling-Variance Based) were carried out
using SmartPLS 3.0 software (Ringle etal., 2015 ). The main reason for choosing SEM as a statistical method for
this research is because SEM can perform analysis simultaneously and has more accurate predictions (Isaac et
al., 2016,2017a,2017b).

Result

Descriptive Statistics

The data that will be displayed in this descriptive statistic include the maximum score and minimum score,
average, standard error, curve and skewness as shown in table 2.

Table 2. Descriptive Statistics.

Construct Item Code No Min Max  Mean Stdev Kurt. Skew.

Online Learning Quality (OL) OL1 1 2 6 4318 0.973 -0.352 0.099
OL2 2 1 6 3.894 1.006 0.766 -0.418

0OL3 3 2 6 4.188 0.888 -0.085 0.027

Pedagogical Knowledge (PK) PK1 4 1 6 3.812 1.193 -1.032 -0.346
PK2 5 1 5 3459 1.232 -0.893 -0.326

PE3 6 1 6 3.965 L.111 -0.179 -0.663

PE4 7 1 6 3871 1.156 -0.244 -0.626

PKES 8 1 6 3718 1.102 -0.526 -0.435

PK6 9 1 6 3.753 1.147 -0.546 -0.261

Content Knowledge (CK) CK1 10 1 6 3.835 1.206 -0.268 -0.454
CK2 11 1 6 3494 1.154 -0.614 -0.172
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Construct Item Code No Min Max  Mean Stdev Kurt. Skew.
CK3 12 1 6 4.153 1.101 -0.066 -0.580
CK4 13 1 6 4329 1152 0.079 -0.678
CK5 14 2 6 4.259 1.118 -0.422 -0.428
CKé 15 1 6 4.141 1.160 0.081 -0.650
Technology Knowledge (TK) TK1 16 1 6 4212 1.199 0.430 -0.795
TK2 17 1 6 4447 1.153 0.419 -0.806
TK3 18 1 6 3976 1.255 0.157 -0.754
TK4 19 1 6 4.153 1.163 0.450 -0.762
TKS 20 1 6 3424 1.141 -0.243 -0.122
TKé 21 1 6 4.235 1.195 -0.032 -0.511
Technology Pedagogical Content TPACKI1 22 1 6 3.776 1.240 -0.345 -0279
Knowledge TPACK2 23 1 6 3.671 1.192 -0.607 -0.224
(TPACK) TPACEK3 24 1 6 3929 1.166 -0.322 -0.313
TPACK4 25 1 6 3741 1.209 -0.282 -0.257
TPACKS 26 1 6 3765 1.025 -0.437 -0.377
TPACKs 27 1 6 3.694 1.074 -0.589 -0.170

A data is said to be normally distributed when the Kurtosis value is in the range -7 to 7 and the Skewness
value isin the range -2 to 2 (Curran etal., 1996; West et al., 1995). Based on table 1, all survey instrument items
are normally distributed.

Measurement Model

Based on the results of the factor analysis of the survey instruments used by using SmartPLS, the results are
obtained as shown in the structure of the measurement model assessment in figure 3.
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Figure 3. Measurement Model Assessment
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To test the construct validity of the research instrument, Confirmatory Factor Analysis (CFA) was used,
which consists of convergent validity and discriminant validity. Convergent validity is a measure of the extent to
which several specific construct variables gather together and share the same proportion to form high variance
(Hair et al, 2014). Convergent validity measures can be seen from the loading factor, average variance extracted
(AVE) and composite reliability (CR).

Table 3. Convergent Validity

Construct Item Code Outer Loading AVE CR  Cronbach’s Alpha

Online Learning Quality (OL) OL1 0.784 0.733  0.891 0.815
0OL2 0.903
OL3 0.876

Pedagogical Knowledge (PK) PK1 0.853 0.696  0.943 0.927
PK2 0.889
PK3 0.863
PK4 0.879
PKS 0.858
PKo 0.790

Content Knowledge (CK) CK1 0.875 0.804 00961 0.951
CK2 0.809
CK3 0.933
CK4 0.924
CKsS 0917
CK6 0916

Technology Knowledge (TK) TK1 0.886 0.702 0931 0.911
TK2 0.857
TK3 0.866
TK+4 0.879
TKS 0.654
TKé 0.839

Technology Pedagogical Content Knowledge TPACKI1 0911 0.841 0.969 0.962
(TPACK) TPACK2 0.947
TPACKS 0914
TPACK4 0.925
TPACKS 0918
TPACK6 0.887

Based on table 3, there are 26 construct items that have an outer loading value ranging from 0.784 to 0.947
which exceeds the proposed value of 0.7 (Hair et al., 2017), while 1 other item has an outer loading value of
0.654 which can still be accepted provided that the AVE value is greater than 0.5 (Hair et al., 2017). The AVE
value shows a variation in the value between 0.696 to 0.841 which exceeds the proposed value of 0.50 (Fornell
& Larcker, 1981; Hair et al., 2017). Then the CR value ranges from 0.891 to 0.969, which also exceeds the
proposed value of 0.7 (Gefen et al,, 2000; Kline, 2011). Based on these results, it can be seen that all of the
convergent validity indicators have met the requirements because the loading value, AVE, CR and Cronbach
alpha have exceeded all the proposed parameter values, so it can be concluded that all construct items are valid
instruments in constructing each latent variable.

Another measure that shows construct validity is discriminant validity, which is a measure that shows
the extent to which a construct is completely different from other constructs (Hair et al, 2010). Discriminant
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validity requires that a construct is not too highly correlated with other constructs (Campbell, 1960), because
when there is a high correlation between two variables, the researcher cannot confirm that the hypothesized

structural pathway actually occurs (Farrell, 2010).

Table 4. Discriminant Validity: Heterotrait-Monotrait ratio

OL PK CK TK TPACK

0457
CK 0.301
TK 708 0.373 0.699

TPACK 0.525 0.829 0.838 0.806

There are two measures that become indicators of the fulfillment of discriminant validity, namely the
Heterotrait-Monotrait ratio and the Fornell & Larcker Criterion. The heterotrait-monotrait ratio is a value that
represents the average heterotrait-heteromethod relative to the average monotrait-heteromethod appearance
(Hair etal.,, 2017; Henseler etal, 2014). Based on table 4, the Heterotrait-Monotrait ratio values are in the range
0.301 to 0.838 where the value is <0.85 which is the threshold value for discriminant validity (Kline, 2011).

Table 5. Discriminant Validity: Fornell & Larcker Criterion

OL PK CK TK TPACK
OL 0.856
PK 0.399 0.856
CK 0.266 0.700 0.897
TK 0.346 0.781 0.651 0.834

TPACK 0464 0.787 0.803 0.760 0.917

Table § shows the Fornell & Larcker Criterion values where the values shown on the thick diagonal are
the root of the AVE value, while the remainder is the correlation coefficient (r). The condition for fulfilling the
Fornell & Larcker Criterion value is when the AVE square root value of the latent variable must be higher than
the correlation between the latent variable and all other variables (Chin, 1998; Fornell & Larcker, 1981). Based
on table 4, the AVE root value (thick diagonal) shows a highervalue than the ather values, so it can be concluded
that the discriminant validity with the Fornell & Larcker Criterion indicator is also fulfilled.

Testing the Hypothesized Models

To test the hypothesized structural model, standard values of beta (B), R?, and t-values were used through the
bootstrap procedure witha 5.000 repeat sample (Hair et al.,, 2017).
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Figure 4. Structural Model Assessment

Figure 4 and Table 6 illustrate the hypothesized structural model test results. Based on the test results,
the results show that online lectures on Earth and Space Sciences directly have a positive and significant effect
on pedagogical knowledge (B = 0.399,t = 3.811), content knowledge (P = 0.266, t = 2.060) and technological
knowledge (P = 0.346, t = 4.142) which then the three knowledge has a positive and significant effect on the
ability of TPACK prospective teachers with (B = 0.278, t = 2.348), (B = 0.443, t = 4.495) and (P = 0254, t =
2.616). Then the indirect effect of online learning on TPACK abilityalso has a positive and significant effect with
(B=0.317,t=4.446).

Table 6. Structural Model Assessment.

. Confidence interval
Hypo Path STd. STd.

thesis Beta  Error t-value  Bias m Decision R?
H1 OL->PK 0.399 0.105 3.811 0.015 0201 0.548  Supported
H2 OL-» CK 0266 0.129 2060 0.016 0.030 0457 Supported
H3 OL->TK 0346 0.084 4142 0.021 0.170 0456 Supported
H4 PK -> TPACK 0278 0.118 2348 0.005  0.09 0485  Supported 0.768
HS CK->TPACK 0443  0.099 4495 -0.003 0285 0612 Supported
Hé TK-> TPACK 0254 0.097 2616 -0001 0105 0424  Supported

H7 OL-» PK,CK,TK -> TPACK 0317 0.096 3306 0.023 0.123 0446 Supported
Note: p < 0.05

Based on the R2 value, it can be concluded that pedagogic knowledge, contentknowledge and technological
knowledge possessed by prospective teachers affect the TPACK ability of 76.8%, this influence is in the high
category (Cohen, 1988).
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Discussion
The Effect of Online Lectures on the three basic components of TPACK

With the enactment of the learning from home policy during the Covid-19 pandemicin Indonesia, an educator,
including those in higher education, in a short preparation time must change all offline lecturing practices to
onlinelectures. The main focus of this research is to ensure that the practice of online lectures carried out in Earth
and space science courses can still contribute positively to the competence of prospective teachers, especially in
the TPACK aspects that have previously been developed in offline lectures.

As we know that TPACK is built from three main knowledge components, namely technological
knowledge, pedagogical knowledge and content knowledge. In the practice of online lectures carried out in earth
and space science courses, they focus on improving these three components. Based on simple logical reasons,
when the three components can be improved in a lecture, it is expected that they will contribute to the further
development of TPACK.

If we look at the teacher candidates’ self-assessment scores on the three basic components of TPACK, the
average score for Pedagogical knowledgeis 3,763, contentknowledgeis 4,035 and technology knowledge is 4,075.
Based on these three values, it is clear that online lectures carried out in Earth and Space Sciences courses are still
low in developing pedagogic knowledge. We realize this because the online learning environment that we built
in our video conferencing application is quite difficult to use to build pedagogic knowledge, especially those that
are specific to pedagogic skills needed by teachers in the 21st century (critical thinking, creative, communication
and collaboration). Ifin offline learning a lecturer can freely design a lecture that can accommodate 21st century
skills, itis different inan online learning environment where each student learnsindependentlyin their respective
homes and interpersonal communication interactions are not as free as in offline learning.

However, apart from the average self-assessment score of prospective teachers on each aspect of the
TPACK constituent, the hypothesis testing results show that the proposed conceptual model is acceptable. This
shows that the practice of online recovery carried out in the Earth and space science courses positively and
significantly influences the development of pedagogic knowledge, content and technology. With the acceptance
of this conceptual model, the online lecture practice that has been designed by lecturers in the earth and space
science course contributes to the development of the three components that make up TPACK. In the next stage,
it remains how to improve the practice of online lectures so that they can provide better results in developing the
three components of TACK.

The Effect of Online Course on the Development of TPACK

In this study, the contribution of online lectures to the development of TPACK for prospective teachers will
be explored through the analysis of Structural Equation Model (SEM). Currently, there are only a few studies
that can map the relationship between the seven factors through structural equation modeling (SEM) (Chai et
al,, 2013; Koh et al,, 2013 ). One study reported that CK and PCK did not predict teacher TPACK positively,
while other factors predicted TPACK positively (Koh etal., 2013). Other research shows that the direct positive
predictors of the TPACK of pre-service teachers are TCK, PCK and TPK, with TK, CK, and PK only having
an indirect effect (Chai et al., 2013). Other studies reported that PK, CK, TK and PCK did not predict TPACK
positively, while other factors had a positive effect (Dong et al,, 2015). The difference in the results from these
studies suggests that the mapping of the model structure of the factors forming TPACK under various conditions
may not be the same, which implies that educators need to understand the distinguishing effects of TPACK
development in different groups.

This study tries to focus on the mapping of the structure of the model of the effect of online lectures on
TPACK’s ability development by placing the three basic components of TPACK development (PK, CK and
TK) as a mediator (without prejudice to the role of PCK, TPK and TCK). The results of the analysis show
that indirectly the practice of online lectures carried out in the basic concepts of earth and space contributed
to the development of TPACK, where the three basic components of TPACK forming a role as a mediator.
These results indicate that online lectures conducted on the basic concepts of earth and space do not only have
a positive and significant effect on the three components of TPACK partially, the practice of online lectures that
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is carried out also contributes to integrating the three basic components in the form of the TPACK framework.
In this case, the prospective teacher gives an assessment of himself that the online lectures that have been carried
out, on the one hand have a direct contribution to the development of the three basic components of TPACK,
on the other hand have an indirect effect on the development of TAPCK.

Conclusions and Implications

This study examines the suitability of online learning practices in earth and space science courses for the
development of TPACK for prospective teachers. The results show that the practice of online learning in earth
and space science courses has contributed to the development of TPACK for prospective teachers with three
aspects of basic knowledge forming TPACK acting as a moderator.

Although this study succeeds in providing a conceptual model which shows that the practice of online
lectures in earth and space science courses contributes to the development of TPACK for prospective teachers,
this study also has limitations in not disclosing the contribution of the three secondary factors (PCK, TPK and
TCK) forming TPACK as a secondary mediator. In the future, further research is needed to explore these things
so that they can make a significant contribution to the achievement of current research results.

However, despite the various limitations of the research, this finding is quite encouraging, because it has
succeeded in providing an overview of the suitability of online learning practices in earth and space science
courses for the development of TPACK for prospective teachers. The findings of thisstudy can provide important
insights for lecturers and policy makers on how to design better earth and space science online courses in
supporting the development of a better TPACK.
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