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Abstract: The TPACK type is very much needed in learning activities to support students'
technological literacy skills. This study aims to compare the effectiveness of the TPACK types which
include TPACK-IK, TPACK-TK, TPACK-VK, and TPACK-V on students' technological literacy abilities.
This type of research is pure experimental research. The research design used was pretest-posttest
with nonequivalent groups. The population in this study amounted to 272 students. The research
sample included 30 students in class A, 31 students in class B, 29 students in class C, and 30
students in class D. The data collection technique used in this study was a test. The research
instrument used was a question sheet. The results showed that based on the results of the paired t
test, it was known that there were differences in pretest and posttest in the experimental group I,
experiment I, and control 1. Meanwhile, in the control group II there was no difference in pretest
and posttest scores. Based on this treatment, TPACK-IK gave the best results on students'
technological literacy skills. Meanwhile, based on the Two Way Anova analysis, it shows that the
four types of TPACK are able to differentiate students' technological literacy levels. Based on the
results of this study it can be concluded that TPACK-IK gives the best results on students'
technological literacy abilities compared to other types of TPACK.
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INTRODUCTION

Developments in the digital transformation era require teachers to have technology-based
teaching skills. Technology-based teaching skills are the ability to teach by utilizing the
latest technology which specifically must be owned by teachers in order to carry out
teaching tasks effectively, efficiently and professionally in accordance with the demands of
education in the digital transformation era. The process of improving technology-based
teaching skills for teachers is influenced by a significant increase in technological literacy
(Simons et al, 2017; Claro et al., 2018). Technology is the result of human thought to
develop certain procedures or systems and is used to facilitate the process of solving
problems (McLester, 2007; Lilian, 2022). Technological literacy is the ability to use,
understand, manage, and evaluate an innovation that involves processes and knowledge to
solve problems and expand one's abilities (Triana et al., 2020; Reddy et al., 2023; Ali et al,,
2023).

A teacher in this modern era must be technologically literate considering that the
quality of a teacher who is devoid of technology will not be able to instill critical thinking
skills in students to become revolutionary human beings (Cydis, 2015; Burnett, 2010).
However, based on data from the Center for Information Technology and Communication
for Education and Culture (Pustekkom) of the Ministry of Education and Culture
(Kemendikbud) in 2021, only 40% of teachers in Indonesia are literate with technology.
The remaining 60% of teachers are still stuttering with technological advances in this
modern era. This problem is caused by: 1) the competence of teachers in Indonesia is very
low in the world of modern technology, 2) educational technology content is still minimal,
3) there is a need for adequate facilities and infrastructure.

Primary teacher education students as one of the components related to
technological literacy (Polizzi, 2020; Su, 2023) . Primary teacher education students as
prospective teachers must be equipped with technological literacy to prepare future
teachers who have technology-based teaching skills. Technological literacy is not only
needed during lectures but is also needed when they are on duty in the field to become
real teachers (Baylor & Ritchie, 2002). Technological literacy cannot be obtained instantly,
but must be provided when someone is still in education to prepare teachers who have
high technological literacy (Burnett, 2010; Wardana, et. al., 2023).

Preliminary studies were carried out at tertiary institutions at the PGRI Madiun
University in the primary teacher education undergraduate study program in the even
semester of the 2021/2022 academic year. Based on the preliminary study, the fact was
obtained that students' technological literacy was still lacking. This is evident from the
results of tests measuring technological literacy skills in the Learning Strategy course in
the 2021/2022 academic year, the fact is that 65% of primary teacher education students
have very low technological literacy with an average score of 48. This average score is still
not enough to prepare prospective elementary school teachers who have technology-
based teaching skills who are ready to compete in the digital transformation era.

This problem is because in the process of the Learning Strategy course there is no
in-depth discussion of content, pedagogy, and technology. Lecturers only focus on their
professional competence which includes material on learning strategies and pedagogical
competencies without mastery of technology in lecture activities. Lecturers need to
improve professional competence which includes not only learning materials, but also
skills in mastering technology (Tomczyk, 2021; Nedeljko et al, 2022). Based on these
problems, good integration is needed between learning materials, pedagogy, and also
technology. This is in accordance with what was conveyed Mishra & Koehler, (2006)
which is famous as a pioneer in developed countries regarding the integration of material
(content), pedagogy, and also technology in the form of a learning set known as TPACK
(Technological, Pedagogical, and Content Knowledge) which is a creative solution and can
be developed in learning (Altun, 2019).
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The Learning Strategy course is a course that discusses the basic concepts of
planning and learning strategies, the relation of learning planning, the steps of learning
planning, learning strategies, and making product designs and implementing them in
learning (McLoughlin & van Kampen, 2019; (de Koning et al, 2020). Through these
courses students also learn various approaches, models, strategies and methods in active
learning and are able to teach them in accordance with the demands of the digital
transformation era(Grgnlien et al., 2021; Cheshire & Strickland, 2018). Learning Strategy
is a course that examines the components of the learning system to develop a learning
approach in elementary school so that the learning process occurs in students to achieve
optimal learning(Schroeder et al., 2021; Marcela, 2015). Not many people know about and
apply the TPACK approach in the process of presenting these courses in the primary
teacher education study program at PGRI Madiun University. Lecturers only present
Learning Strategy learning material accompanied by presentation activities from students
using simple technology via power point. There is no element of innovation in this activity,
so there is no increase in technological literacy for prospective elementary school
teachers.

TPACK learning has long existed in the world of education but not many are aware
of its existence, especially for elementary school education lecturers in Indonesia. TPACK
became known in Indonesia in the 2019/2020 academic year, although not many
elementary school lecturers know and apply it. In lecture activities several prospective
teachers/students have been given learning activities using the conventional type of
TPACK (TPACK-V). TPACK-V only involves the last component of TPACK, namely
Technological Pedagogical Content Knowledge (TPCK). TPCK is carried out by lecturers
when teaching using technology in learning to present lecture material using appropriate
methods or models (Nilsson & Loughran, 2012). Even though there are several types of
models that can be applied in lecture activities. The model is an integrative and
transformative model(Jang & Chen, 2010). Integrative models and transformative models
are expected to provide more effectiveness in learning (Jimoyiannis, 2010).

Schmidt, et al. (2009) explained that the TPACK integrative model views the central
component of TPACK (TPCK) as emerging from the integration of each component
domain. In this view, high levels of Technological Pedagogical Content Knowledge (TPCK)
will be based on high levels of Technological Pedagogical Knowledge (TPK), Technological
Content Knowledge (TCK), Pedagogical Content Knowledge (PCK), Technological
Knowledge (TK), Pedagogical Knowledge (PK), and Content Knowledge (CK). Meanwhile,
the TPACK transformative model describes the intersection of knowledge components to
generate unique knowledge with a combination of core components. According to a
transformative perspective, TPACK cannot be simply explained by adding up the
components of TPACK. TPACK transformative model as a different form of knowledge that
transforms beyond its basic components. The TPACK transformative model is influenced
by Technological Pedagogical Knowledge (TPK), Technological Content Knowledge (TCK),
and Pedagogical Content Knowledge (PCK) but not directly by Technological Knowledge
(TK), Pedagogical Knowledge (PK), and Content Knowledge (CK). The results of this
research were carried out to compare the TPACK structure of integrative and
transformative models in developing teacher assessment instruments. The results of this
research indicate that the questionnaire consisting of 28 items is considered a valid and
reliable instrument
to assess teachers' TPACK abilities. Furthermore, the knowledge component supports the
transformative TPACK model. The results of this research do not yet show the
effectiveness of implementing this type of TPACK. Meanwhile, this research was carried
out to reveal the effectiveness of this type of TPACK based on constructionist activities
which are linked to technological literacy skills.

Types of TPACK which include integrative TPACK models, transformative TPACK
models, and conventional TPACK can be implemented through constructionist activities.
Ackermann, (2001)explains that constructionist activities are a form of activity in learning
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that focuses on developing students' abilities, skills, and thinking. Constructionist activity
is an approach to learning which believes that people actively build or create their own
knowledge and reality is determined by the person's own experiences as well (Kynigos,
2012). Experience can be built through a learning activity. Constructionist theory
developed by Seymour Papert refers to Piaget's constructionism with more emphasis on
educational views than on overall cognitive potential (Ignatova et al,, 2015).

The type of TPACK implemented in constructionist activity-based learning is
expected to provide an increase in student technological literacy. The types of TPACK
which include integrative model TPACK through constructionist activities (TPACK-IK),
transformative model TPACK through constructionist activities (TPACK-TK), conventional
model TPACK through constructionist activities (TPACK-VK), and conventional TPACK
(TPACK-V) are expected to be able to provide an increase in the effectiveness of student
technological literacy. However, the existence of these types of TPACK which includes
TPACK-IK, TPACK-TK, TPACK-V needs to be tested for its effectiveness to see which type
of TPACK is the most effective for implementing learning activities in Indonesia. This
research is very important and urgent to do so that the most effective types of TPACK can
be immediately implemented in learning activities in Indonesia to face the digital
transformation era. Based on the background that has been described, the researcher is
interested in conducting research with the title "Effectiveness of the TPACK integrative
and transformative models through Constructionist Activities on Increasing Student
Technology Literacy".

METHODS

Research Design

This research was conducted at the University of PGRI Madiun in the Elementary School
Teacher Education study program. The research was carried out in the Even Semester
Learning Strategies course for the 2021/2022 academic year. This study uses a pure
experimental approach. Pure experimental research is a form of experimental research
that is actually carried out by controlling all external variables that affect the course of the
experiment (Creswell, 2017). The research design used a pretest posttest with
nonequivalent groups. This design is carried out by giving a pretest before learning and a
posttest after learning in each group. According to Mertler & Charles (2005:324) this
design is more robust because a pretest is carried out to establish equivalence between
groups.

Population and Sample

The population in this study were all undergraduate primary teacher education students
at PGRI Madiun University for the 2021/2022 academic year in semester IV who were
taking the Learning Strategy course. The total number of primary teacher education
undergraduate students in the Madiun PGRI University area in that semester totaled 272
students consisting of 10 classes. The research sample was taken randomly using a lottery.
The sample of this study was class A primary teacher education UNIPMA undergraduate
students with a total of 30 people, class B with a total of 31 people, class C with a total of
30 people, and class D with a total of 30 people.Sampling is based on an equivalent
population (Secolsky, 2017) (Marczyk et al., 2005). Equality testing is carried out through
one way anava using the student's Grade Point Average (GPA). Prerequisite tests which
include normality and homogeneity tests were carried out before the one way Anava test
in 10 classes.
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TABLE 1. One-way anava test results

Grade Point Average df F Sig.
Between Groups 9 720 .690

TABLE 2. Dimensions and indicators of technology literacy

No Dimensions Indicator
1 Beyond functional skills ICT skills
2 Creativity Product creation or output in various formats and models by

utilizing digital technology.

Ability to think creatively and imaginatively in planning,
content, exploring ideas.
3 Collaboration The ability to participate in the digital space.

Ability to explain and negotiate the ideas of others.
4 Communications Ability to communicate through digital technology media.

Ability to understand and understand the audience.
5 Ability to Find and Ability to search and investigate information.

SelectInformation

6 Critical Thinking and Ability to contribute, analyze, sharpen critical thinking skills
Evaluation when dealing with information

7 Cultural and social Inline with the context of socio-cultural understanding
Understanding

8 E-Safety Ensure security when users explore, create, collaborate with

digital technology.

Source:Burnett, (2010)

Class A has a Do of 0.131 and an Asymp value. Sig (2-tailed) is 0.293 (p = 0.05). This
means that the class A sample comes from a normally distributed population. Class B has a
Do of 0.093 and an Asymp value. Sig (2-tailed) is 0.397 (p = 0.05). This means that the
class B sample comes from a normally distributed population. Class C has a Do of 0.113
and an Asymp value. Sig (2-tailed) is 0.494 (p 2 0.05). This means that the class C sample
comes from a normally distributed population. While class D has a Do of 0.135 and an
Asymp value. Sig (2-tailed) is 0.129 (p = 0.05). This means that the class D sample also
comes from a normally distributed population. Furthermore, in the same way class E, F, G,
H, and I. Homogeneity test of data variance is known that all classes at UNIPMA which
include classes A, B, C,D, E, F, G, H, I, and ] in the 2021/2022 academic year in semester 4
to take the subject The Learning Strategy course has a Fhit score of 1.634 with a Sig score
of 0.105 (p = 0.05). This shows that the entire population has the same or homogeneous
variance.

Based on Table 1, it shows that from the results of the 1-way anava test, it was found
that the Fhit value was 0.690 (p = 0.05). This means that there is no significant difference
in the Grade Point Average (GPA for students who will take the Learning Strategy course
in semester 5. Based on this analysis it can be concluded that the research sample includes
classes A, B, C, and D which are randomly selected random from an equivalent population.
Class A and B are the experimental class, while class C and D are the control class. Class A
was treated with TPACK-IK, class B was treated with TPACK-TK, class C was treated with
TPACK-VK, and class D was treated with TPACK-V.

Research Instruments

The data collection technique in this study is a test. The test is a series of questions or
exercises as well as other tools used to measure skills, intelligence knowledge, abilities or
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talents possessed by individuals or groups.(Leutner et al, 2017). The data collection
instrument used was a matter of test. The test questions are arranged in a planned manner
to reveal students' technological literacy abilities(Leutner et al.,, 2017). The type of test
used is a written test in the form of multiple choices, totaling 25 items. Tests were
administered to determine students' technological literacy skills before and after learning
with TPACK types which include TPACK-IK, TPACK-TK, TPACK-VK, and TPACK-V. The
technological literacy test questions can be seen in Table 2.

Instrument validity techniques include internal and external validity. Internal
validity is carried out by educational experts and material experts. Meanwhile, external
validity was carried out using Pearson Product Moment correlation (Bivariate Perason)
with SPSS 17.00 for windows. Reliability testing was carried out using Cronbach's Alpha
with SPSS 17.00 for windows. The next step is to try out the test instrument and analyze
the items. The item test was conducted on students who had previously taken a Learning
Strategy course. These students are in semester 6 of class A in the 2021/2022 academic
year, with a total of 33 students. The results of the analysis of the item test were carried
out using SPSS 17 for windows. The results of the analysis show that based on the 25 items
obtained 20 valid questions with a sig value <0.05, while 5 items are invalid with a sig
value > 0.05. Items that were declared invalid were discarded and not used for research.
Based on the results of the reliability test, the value of Cronbach's Alpha was 0.684. This
value is in the high reliability category, so the 20 items can be used for research.

Data analysis

Data analysis is carried out to reduce data into something that can be understood and
interpreted in a certain way so that the research problem can be tested (Brent & Leedy,
1990). This type of research is true experiment and the type of data obtained is in the form
of numbers. Data were analyzed with descriptive and inferential statistics. Descriptive
analysis to display data on students' technological literacy abilities. Inferential statistics in
the form of two-way ANOVA analysis. In analyzing the data, SPSS 17.00 for windows was
used.

Technological literacy data in this study were grouped into 3 (three) categories,
namely high, medium, and low. The high group category consists of all students who have
an average score plus 1 standard deviation (SD) and above. The medium group category
consists of all students who have an average score minus 1 standard deviation (SD) and an
average score plus 1 SD. While the low group consists of all students who have a score less
than the average score minus 1 standard deviation (SD). This research was conducted to
test the effectiveness of TPACK types which include TPACK-IK, TPACK-TK, and TPACK-VK
on increasing technological literacy. Therefore, prior to data analysis, an assumption test
was first carried out as a prerequisite for analysis. Prerequisite tests include normality and
homogeneity tests.with the help of SPSS 17.00 for windows. The rule used to determine
whether the distribution is normal is if the p value > 0.05, then the distribution is normal.
Conversely, if the p value <0.05, then the distribution is not normal. Meanwhile, the
homogeneity test was carried out using levene statistics with the help of SPSS 17.00 for
windows. The rule used is if the p value > 0.05, then the variance is homogeneous, but if p
> 0.05 the variance is not homogeneous.

Hypothesis testing was carried out to find out the differences between the two
student group data using two ways ANOVA. This test is used to analyze the main effect and
interaction effect relationships between the variables used in the research, namely
TPACK-IK, TPACK-TK, TPACK-VK, and TPACK-V with technological literacy. This test uses
SPSS 17 for windows. Two-way Anava is used to determine the difference in the value of
the dependent variable which is categorized based on the large number of independent
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variables and each variable consists of several groups. Hypothesis analysis using SPSS 17.0
for windows.

RESULT

The results of the descriptive analysis show that TPACK-IK has more influence on the level
of students’ technological literacy skills. The results of the descriptive study are shown in
Table 3. Based on Table 3, it shows that in the experimental class 1 before and after
treatment with TPACK-IK, the average technological literacy ability increased by 29%.
Experimental class 2 before and after treatment with TPACK-TK had an average increase
in technological literacy ability of 21%. Control class 1 before and after treatment with
TPACK-VK has an average increase in technological literacy of 14%. Whereas Control 2
before and after treatment with TPAVK-V had a technological literacy capability of 4%.
Based on these data TPACK-IK has the most significant effect compared to TPACK-TK,
TPACK-VK, and TPACK-V. TPACK-TK has a more significant effect than TPACK-VK and
TPACK-V. Meanwhile, TPACK-VK has a more significant effect than TPACK-V. Based on
these data it can be seen that TPACK-IK makes the most positive contribution to the level
of students' technological literacy skills compared to other TPACK models.

Furthermore, from the technological literacy data obtained, they are again grouped
into 3 (three) groups, namely groups of students who have high, medium, and low
technological literacy abilities. The grouping of students is based on the average value and
standard deviation (SD). Based on the technological literacy test data before treatment is
presented in Figure 1.

TABLE 3. Data on technology literacy results before and after treatment

Experiment 1 Experiment 2 Control 1 Control 2
Beginning End Beginning End Beginning End Beginning End
Average 57 86 55 76 53 67 59 63
Increase 29% 21% 14% 4%
Percentage
Std. 10.54 10.52 10,28 10.56 10.33 10.32 10.33 10.31
Deviation
Level of Technological Literacy Ability
Before Treatment
25
220
c
()]
E
& 15
s
o 10
o]
1S
2 5

1 O L o

Experiment 1 Experiment 2 Control 1 Control 2

Digital Literacy Level
Hm Tall Currently Low

FIGURE 1. Level of technology literacy of students before treatment
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Level of Technological Literacy Ability
After Treatment
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FIGURE 2. Level of technology literacy of students after treatment
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Based on Figure 1 it shows that in the experimental class 1 before treatment with
TPACK-IK there were 5 students who had a high level of technological literacy, 9 students
had a moderate level of technological literacy, and 16 students had a low level of
technological literacy. Experimental class 2 before treatment with TPACK-TK there were 4
students who had a high level of technological literacy, 8 students had a moderate level of
technological literacy, and 19 students had a low level of technological literacy. Control
class 1 before treatment with TPACK-VK there were 5 students who had a high level of
technological literacy, 7 students had a moderate level of technological literacy, and 18
students had a low level of technological literacy. Control class 2 before treatment with
TPACK-V there were 3 students who had a high level of technological literacy, 7 students
had a moderate level of technological literacy, and 20 students had a low level of
technological literacy. While the level of students' technological literacy ability after
treatment is presented in Figure 2.

Based on Figure 2, it shows that in the experimental class 1 after treatment with
TPACK-IK there were 23 students who had a high level of technological literacy, 5 students
had a moderate level of technological literacy, and 2 students had a low level of
technological literacy. Experimental class 2 after treatment with TPACK-TK there were 14
students who had a high level of technological literacy, 11 students had a moderate level of
technological literacy, and 6 students had a low level of technological literacy. Control
class 1 after treatment with TPACK-VK there were 7 students who had a high level of
technological literacy, 8 students who had a moderate level of technological literacy, and
15 students who had a low level of technological literacy.

Results of Data Analysis

Prerequisite test is done before doing inferential analysis. Prerequisite test includes
normality test and homogeneity test. The normality test was carried out to find out
whether the research data to be analyzed was normally distributed or not. Based on the
output results of SPSS 17 for windows, the Asymp value is obtained. Sig. (2 tailed) with the
normality test for initial technological literacy (pre-test) for both experimental group I,
experiment II, control I, and control II with Kolmogorof-Smirnov calculations respectively
0.878, 0.931, 0.897, and 0.756 . These four values are greater than a = 0.05 so that the
initial student technology literacy data is normally distributed. While the results of the
Kolmogorov-Smirnov calculations for the final learning outcomes (post-test) in the
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experimental group 1, experiment 2, control 1, and Control 2 respectively 0.268, 0.285,
0.198, and 0.267. These four values are greater than a = 0.05, so that the students' final
technological literacy data are normally distributed. The results of the normality test for
technological literacy data can be seen in Table 4. The homogeneity test of variance is used
to determine whether the samples taken from the populations being compared have the
same variance and do not show significant differences from each other. The results of the
technological literacy homogeneity test are shown in Table 5. Based on Table 5, it shows
that the results of the homogeneity of the pretest and posttest students' technological
literacy variant scores in the experimental group 1, experiment I, control I, and control II
were homogeneous with a P value > 0.05. This value indicates that the post-test data
meets the assumptions required to use the planned statistical method.

Two Way Anova analysis used a ratio of observed differences to test the hypothesis.
The hypotheses proven in this study are:

HO:a2=0 ;There are no differences in technological literacy skills between students
taught by TPACK-IK, TPACK-TK, TPACK-VK, and TPACK-V.

HO:a2#0 ;There are differences in technological literacy abilities between students
taught by TPACK-IK, TPACK-TK, TPACK-VK, and TPACK-V.

The ratio, called the F-ratio, uses the variance (a2) of the group mean used as a
measure in determining group differences. Data analysis using SPSS 17 for windows.
Based on this analysis, the Univariate Analysis of Variance is obtained which is presented
in Table 6.

Based on Table 6 in the TPACK row, it shows that the Fcount > Ftable with an
acquisition score of 9.456 > 4.03 with P <0.05. Based on these data shows that Hp is
rejected. This means that the four types of TPACK which include TPACK-IK, TPACK-TK,
TPACK, VK, and TPACK-V really differentiate the level of student technological literacy in
the Learning Strategy course.

TABLE 4. Data normality calculation results

Kolmogorof -Smirnov

Aspect Experiment Experiment Control Control Criteria
I I I II
Early technological 0.878 0.931 0.897 0.756 Normal
literacy distribution
Late technology 0.268 0.285 0.198 0.267 Normal
literacy distribution

TABLE 5. Levene test results for homogeneity of variants

Level Test
Aspect Experiment 1 Experiment II Control I Control 11
F P F P F P F P
Early technological 1,089 0.352 1,092 0.287 1,084 0.356 1,098 0.37
literacy 4
Late technology literacy 0.754 0.584 0.673 0.876 0.873 0.762 0.565 0.95
7
TABLE 6. Univariate variance analysis results
Source df MeanSquare F Sig.
TPACK 1 90,765 9,456 ,003
TPACK * Literacy 2 1474,314 153,001 ,000
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DISCUSSION

TPACK is very appropriate when implemented through constructionist activities. This is
based on the fact that in the TPACK component there is technology as one of the important
components in it. While constructionist activities carried out to build students' abilities
can also be carried out with the help of technology (Hosseini, 2015). Based on the research
conducted by Hosseini, it shows an understanding of the development of TPACK through
constructionist activities. The research findings show that teachers' knowledge and
conceptions of using technology to teach develop at three levels. The first tier is limited to
using technology to showcase curriculum information. The second level is carried out with
the use of technology to present content and materials. The third level is carried out by
developing the ability to use technology to improve teaching and learning. The results of
these learning activities have interactions between aspects of constructionist activities
that are more influential in the development of TPACK.

Based on research conducted by Prongsamrong, P., et al (2018) shows that TPACK is
constructionist oriented. The constructionist-oriented TPACK approach was created and
used as a framework for developing learning (Ignatova et al., 2015). The research aims to
study the application of science content by combining science teaching with
constructionist concepts. The use of technology is able to create content knowledge
criteria that are applied in pedagogical science by using constructionist concepts.
Constructionist concepts in learning are combined with content knowledge by using
teaching technology that is consistent with the material and pedagogical concepts used
(Csizmadia et al., 2019). The results of this study indicate that constructivism comes to
create criteria of pedagogical science knowledge with technology based on constructivism
concepts by adding issues related to constructionism theoretical learning management.
Learning occurs when students have the opportunity to bring ideas into works that can
reflect knowledge.

Based on its implementation, TPACK learning activities can be carried out through
integrative models (TPACK-I) and transformative models (TPACK-T) (Prongsamrong, P., et
al. 2018). The implementation of the two types of TPACK can be carried out through
constructionist activities (Nilsson & Loughran, 2012). Apart from these two types of
TPACK, conventional TPACK (TPACK-V) can also be implemented through constructionist
activities. Constructionist activity as an activity to create new conditions in self-
development. Constructionist activities can make students support each other in one
activity with one another. Educators can play a role in becoming natural members of a
learning community. Constructionist activities can be built through activities outside the
classroom, in the classroom, or carried out through technology-based activities.

The TPACK type has a very effective impact when implemented through
constructionist activities. This is based on the fact that the TPACK types which include
TPACK-I, TPACK-T, and TPACK-V have technology as an important component in them.
While constructionist activities carried out to build students' abilities can also be carried
out with the help of technology. So based on this explanation educators can carry out
integrative TPACK through constructionist activities (TPACK-IK), transformative TPACK
through constructionist activities (TPACK-TK), and conventional TPACK through
constructionist activities (TPCK-VK) in teaching and learning activities.

Integrating technology in the learning process can provide technological literacy for
primary teacher education students who are prospective elementary school teachers
(Zahoor et al., 2023). One framework that can be implemented to create such a learning
atmosphere is TPACK. The TPACK framework is characterized by using technology and
integrating it with pedagogy, content and knowledge. TPACK became very popular with
the writing by Minta Mishra and Matthew ]. Koehler (2006) in the journal Teacher College
Record. TPACK is a framework that integrates technology, pedagogy and knowledge. An
educator needs to combine the development of learning models in implementing TPACK
for the successful achievement of learning objectives in the digital transformation era.
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Based on the results of research conducted by (Altun, 2019), pointed out that the
integration of technology into education is an important issue to support and renew the
professional development of teachers in today's world, raising a digitally literate
generation, and educated human resources. Technology integration in education is a
complex and multidimensional issue (Nedeljko et al., 2022). TPACK comprises the basis
for the effective integration of technology into teaching. This study understands the
contribution of attitudes, use of technology, and technology literacy skills. The participants
in this study were 481 early childhood education programs teachers consisting of 398
women and 83 women. The research findings reveal that pre-service teacher TPACK
competence is associated with attitudes, technology use, and technology literacy skills.

The soul of the TPACK framework is the complex interaction of the three main forms
of knowledge namely Content (CK), Pedagogy (PK), and Technology (TK). TPACK
integrative and transformative models through constructionist activities (TPACK-IK and
TPACK-TK) are learning models that have been successfully developed from the TPACK
framework. TPACK forms educators' understanding starting from simple things such as
searching for information with information technology (Aktas & Ozmen 2020) to complex
matters such as pedagogical abilities and content (Etkina, 2010).

TPACK which includes TPACK-IK and TPACK-TK as a way that can be used to
increase technological literacy for prospective elementary school teachers. This is because
TPACK which includes TPACK-IK and TPACK-TK in learning activities includes using
technology as an important component used by students or prospective teachers to teach
certain subject matter. Through TPACK educators can use learning technology effectively
and efficiently (Gonzales & Gonzales Ruiz, 2016) so that learning can be carried out
properly (Jimoyiannis, 2010) .

The results of research conducted by Etkina, (2010) show that TPACK has an
influence on technological literacy. Meanwhile, research conducted by Mishra & Koehler,
(2006) shows that there is an integrative model of TPACK and a transformative model of
TPACK but has not revealed the advantages between these types of TPACK. Akckerman,
(2001) proves that constructionist activities have positive results in increasing learning
activities when integrated with TPACK. Based on the results of previous research, it has
not been found that there is any effectiveness of TPACK types based on constructionist
activities which include TPACK-IK and TPACK-TK on students' digital technology literacy.

CONCLUSION

The results showed that based on the results of the paired t test, it was found that there
was a difference in the average pretest and posttest scores in the experimental group I
with a P value of 0.001, the experimental group Il with a P = 0.026, and control [ witha P =
0.034. Whereas in the control group II there was no difference in the average pretest and
posttest scores with P = 0.283. Based on these data the treatment with TPACK-IK gave the
best results on students' technological literacy skills. Meanwhile, based on the Two Way
Anova analysis, it shows that Fcount > Ftable with an acquisition score of 9.456 > 4.03
with P <0.05. The data shows that the four types of TPACK are able to differentiate
students' technological literacy levels.

Giving TPACK-IK, TPACK-TK, TPACK-VK treatments has a significant effect on
students' technological literacy skills. The TPACK-IK treatment gave the best results. The
technological literacy of students did not experience much change in the treatment with
TPACK-VK. Treatment with TPACK-TK gave better results when compared to TPACK-VK,
but it was still below TPACK-IK. TPACK integrative and transformative models based on
constructionist activities have a significant influence in increasing students' technological
literacy skills.

This research is limited to the Learning Strategy courses, digital technology literacy,
technology-based teaching skills, and types of TPACK which include TPACK-IK, TPACK-TK,
TPACK-VK, and TPACK-V. Due to the wide variety of technologies that can be used in
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learning activities, this research is limited to the use of digital technology. Based on the
results of this study, lecturers should be able to apply the types of TPACK which include
TPACK-IK, TPACK-TK, and TPACK-V in learning activities not only in the Learning Strategy
course to improve students' technological literacy skills.
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