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Abstract  
This study examines the influence of  technological knowledge, pedagogical knowledge and 
content knowledge on the ability to integrate artificial intelligence technology in high school 
economics teachers in Surakarta and to determine whether gender can moderate technological 
knowledge, pedagogical knowledge and content knowledge on the ability to integrate artifi-
cial intelligence technology in high school economics teachers in Surakarta. The population 
and sample of  68 were taken using total sampling, namely all high school economics teach-
ers in Surakarta. Data collection using a questionnaire in the form of  a google form. The 
validity test of  the instrument used Confirmatory Factor Analysis (CFA) and the reliability 
test used Cronbach Alpha. Data analysis used hierarchical regression analysis and all data 
were processed using SPSS 26. The results of  the study showed that technological knowledge, 
pedagogy and content partially had a positive and significant effect on the ability to integrate 
artificial intelligence technology in high school economics teachers in Surakarta and gender 
could moderate the relationship between technological knowledge and content with the ability 
to integrate artificial intelligence technology, but gender could not moderate the relationship 
between pedagogical knowledge with the ability to integrate artificial intelligence technology.
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gical competence. According to Koehler et al. 
(2013) these three competencies are the main 
components in Technological Pedagogical 
Content Knowledge (TPACK).

TPACK can be considered as a powerful 
framework to explain the ability in artificial 
intelligence-based teaching (Celik, 2023). The 
development of  teacher competencies in the 
21st century introduced through the TPACK 
framework is able to answer the demands of  
competencies that teachers must have as a 
need for 21st century learning which requires 
proficient technology. TPACK is a framework 
for integrating technology, pedagogy and con-
tent in learning. Koehler, et al. (2013) stated 
that mastering TPACK understanding helps 
teachers in planning and applying technology-
based curriculum. This competency can make 
it easier for teachers to determine the types of  
models, learning strategies, media and lear-
ning resources that will be used as support in 
the learning process, this will enable teachers 
to carry out the learning process optimally.

Data on the quality of  education is still 
less than satisfactory when viewed from the 
results of  the Program for International Stu-
dent Assessment (PISA) test. The results of  
the 2022 PISA study, Indonesia is ranked 68th 
out of  81 countries in the Mathematics test, 
Science test and Reading Literacy test. The 
PISA test results show a sharp decline in stu-
dent performance (steep learning loss) global-
ly over the past four years, namely 2018-2022 
and this condition has never happened before. 
PISA results can also be used to see the level 
of  students’ ability to think critically and solve 
problems. So it is concluded that the quality of  
education in Indonesia is still quite low com-
pared to other countries. One of  the causes 
of  unsatisfactory student achievement is due 
to the limited ability of  teachers in the fields 
of  pedagogical skills and content. The results 
of  Anzora’s (2018) study concluded that the 
TPACK ability of  prospective mathematics 
teachers was in the low category. The results 
of  research by Sidik & Sumartini (2021) also 
stated that the TPACK of  economics teachers 
was still in the fairly good category, this was 

INTRODUCTION

A technology that is currently develo-
ping rapidly is artificial intelligence, which is 
also useful in the field of  education. Artificial 
intelligence is a part of  computer science that 
has the ability to do work like humans, in the 
field of  education it can help improve the qua-
lity of  education, because it can facilitate the 
work and tasks of  teachers both during lear-
ning, curriculum management and the evalu-
ation process. Artificial intelligence is a new 
pedagogical opportunity that has the potential 
to encourage a student-centered approach. 
Artificial intelligence-based tools also help te-
achers evaluate the teaching process, facilitate 
lesson planning and implementation, make 
learning more effective, make difficult con-
cepts easy to learn and help overcome some 
of  the problems faced by students.

Artificial intelligence consists of  va-
rious types, for example ChatGPT, tutoring 
systems, dashboards, automatic assessment 
systems, automatic presentation translators. 
One of  the artificial intelligences is ChatGPT 
which is a technology to understand and ans-
wer questions in text form or provide fast and 
accurate responses to questions. In the context 
of  learning, ChatGPT can be used as a tool to 
improve the efficiency and effectiveness of  the 
learning process, to help teachers and students 
in finding information, help teachers in crea-
ting learning materials, help students in doing 
assignments, improve critical thinking skills, 
help teachers in deepening learning materials 
and even help in creating questions instant-
ly. The use of  artificial intelligence in lear-
ning can help teachers in delivering learning 
to students and make it easier for students to 
understand learning. The importance of  uti-
lizing learning technology is a guideline for 
teachers to have technological competence. 
However, in reality, according to Sukaesih et 
al. (2017) there are still few teachers who are 
competent in mastering technology and using 
it in learning, so that basic competencies are 
not achieved. The term competence refers to 
content knowledge, pedagogical and technolo-
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due to the low pedagogical competence of  te-
achers and their understanding in delivering 
content. 

The pedagogical and content knowled-
ge possessed by teachers can be seen from the 
average score of  the teacher competency test 
on the regional education balance. Teacher 
competency test is used as a mapping of  teach-
er competency levels. since 2015-2021, teacher 
competency test results have shown that 80% 
of  teachers in Indonesia have not achieved the 
minimum score, even based on the results of  
teacher competency test 2022, the average sco-
re still looks low. Yogyakarta is ranked first in 
teacher competency test scores, while Central 
Java is ranked second at 63.58, but this score is 
still below the average set by the government.

Low teacher competency test scores can 
be used as a reference and evaluation by te-
achers to further optimize their pedagogical 
competence in order to become qualified and 
professional teachers. Research by Demissie 
et al., (2022) found that technology, pedagogy, 
and content knowledge are positively related 
to technology integration. In the research of  
Karaca et al., (2013, p. 360) stated that techno-
logical knowledge has the strongest influence 
on technology integration. However, research 
by Shinas et al., (2013) stated that teachers’ 
technological knowledge is lower than peda-
gogical knowledge. Lack of  pedagogical kno-
wledge and skills supported by technology is 
an important obstacle to technology integra-
tion in learning (Hew & Brush, 2007). Rese-
arch by Santos and Castro (2021) stated that 
all TPACK components, namely technologi-
cal knowledge, pedagogical knowledge and 
content knowledge, have a positive effect on 
technology integration. Different results were 
shown by research conducted by Joo et al., 
(2018) which identified that teachers’ inten-
tion to use technology in education was not 
influenced by TPACK but was directly in-
fluenced by other factors such as teacher self-
efficacy, perceived ease of  use, and perceived 
usefulness of  using technology. 

Several studies have shown that teacher 
characteristics also play an important role in 
integrating technology in various countries, 

namely significant gender differences with a 
greater tendency for men towards technology 
development than women (Marin-Díaz et al., 
2020). Research by Suwana & Lily, (2017) re-
vealed that there is a gap in technological kno-
wledge in gender and gender differences affect 
a person’s ability to integrate technology, the 
results of  the study showed that the most do-
minant were men. This is in line with research 
by Roussinos & Jimoyiannis, (2019) that gen-
der affects technology and male teachers are 
more competent than women. Based on the 
description above, there is inconsistency in the 
influence of  technology integration abilities 
on the variables of  technological knowledge, 
pedagogy, content knowledge and gender as a 
moderating variable. 

Thus, the focus of  this study is to deter-
mine whether these variables affect the ability 
to integrate technology in high school econo-
mics teachers in Surakarta or not. The reason 
for this study on economics teachers is becau-
se economics is an important subject that has 
very complex material, can equip students in 
thinking, solving problems and has high rele-
vance in everyday life (Santika et al., 2021). In 
addition, this study also uses control variab-
les, namely School Innovation Climate, Age, 
School Status, Education Level, Length of  Te-
aching, Principal Leadership Style.

METHODS

This type of  research is quantitative re-
search using statistical data. The population 
in this study were all high school economics 
teachers in Surakarta, Central Java, using a 
sampling technique based on Sugiyono, (2018) 
namely total sampling because the population 
was small, namely 68 high school economics 
teachers in Surakarta. This study uses a data 
collection technique in the form of  a questi-
onnaire link namely Google form, which was 
distributed to all high school economics te-
achers in Surakarta. To measure technological 
knowledge, pedagogical knowledge, content 
knowledge, gender as a moderating variable, 
and the ability to integrate artificial intelligen-
ce technology using a Likert scale type. 
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The ability to integrate artificial intelli-
gence technology uses three indicators from 
Celik, (2023) has three indicators including 
how to use various artificial intelligence-based 
technologies, being an example for other te-
achers in using artificial intelligence-based 
technology, choosing the right technology for 
learning. 

Technological knowledge uses two indi-
cators from Santos and Castro (2021), namely 
knowledge in solving technological problems 
and the ability to utilize technology. 

Pedagogical knowledge is measured 
using indicators proposed by Santos and 
Castro (2021), including managing students, 
supporting student problem solving, guiding 
student discussions, selecting and using lear-
ning methods, compiling and using evaluation 
tools.

Content knowledge is measured using 
indicators by Santos and Castro (2021), name-
ly mastery of  material, developing material, 
breadth and depth of  material. Meanwhile, 
gender indicators are divided into two, namely 
male and female (Akram et al., 2021).

All questionnaire statements were first 
tested for validity using the Confirmatory 
Factor Analysis (CFA) method and reliabili-
ty tests using Cronbach Alpha. Data analysis 
techniques through descriptive tests, prere-
quisite analysis tests, while hypothesis testing 
uses hierarchical regression analysis, t-tests, 
and coefficient of  determination analysis.

 
RESULTS AND DISCUSSION

This study analyzes the influence of  
technological knowledge, pedagogical know-
ledge and content knowledge on the ability to 
integrate artificial intelligence technology in 
high school economics teachers in Surakar-
ta with gender as a moderating variable. The 
control variables used in this study are school 
innovation climate, age, school status, educa-
tion level, length of  teaching, and principal 
leadership style. The questionnaire was filled 

Table 1. Characteristics of  Research Respon-
dents

Descriptive Statistic

Variable control Frequency
Precentage 

(%)

Age    

     <20 year 0 0%

     20-29 year 9 13%

     30-39 year 15 22%

     >40 year 44 65%

School status    

     State 32 47%

     Private 36 53%

Employment status    

     PNS 30 44%

     Non PNS 38 56%

Level of  education    

     SMA/K 9 13%

     D3 0 0%

     S1 47 69%

     S2 12 18%

     S3 0 0%

Years of  teaching    

     < 2 years 6 8.82%

     2-6 years 12 17.65%

     > 6 years 50 73.53%

Principal Leadership 
Style

   

     Autocratic 4 6%

     Democratic 63 93%

     Laissez faire 1 1%

Source: Processed Primary Data, 2024

out by 68 respondents from high school eco-
nomics teachers in Surakarta.

The sample in this study amounted to 
68 respondents with the subject of  high school 
economics teachers in Surakarta with the cha-
racteristics in Table 1.
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Table 2. Hierarchical Regression Test Results Before Adding Control Variables

Variable
Model

1
Model

2
Model

3
Model

4
Model

5
Model

6
Model

7
Model

8
Model

9

Main Variable    

Technologi-
cal knowl-
edge (X1)

1.353*** - - - 0.542** - - - 2.443***

(7.496)       (2.269)       (3.051)

Pedagogical 
knowledge 
(X2)

- 0.685*** - - 0.339*** - - - 2.301***

  (8.079)     (2.842)       (4.039)

Content 
knowledge 
(X3)

- - 1.221*** - 0.491** - - - 2.141***

    (6.871)   (2.370)       (2.554)

Gender (M)
- - - -0.234 -0.283 - - - -5.890

      (-0.141) (-0.255)       (-0.824)

Interaction Variable    

X1*M - - - - - 0.292*** - - 1.682***

            (3.909)     (3.644)

X2*M - - - - - - 0.118*** - -1.060***

              (3.425)   (-3.513)

X3*M - - - - - - - 0.259*** 1.371***

                (3.584) (2.982)

Constant 4.881 0.211 6.356 26.034 2.718 17.652 17.732 18.327 6.852

N 68 68 68 68 68 68 68 68 68

R 0.678a 0.705a 0.646a 0.017a 0.774a 0.434a 0.388a 0.404a 0.841a

R2 0.460 0.497 0.417 0.000 0.598 0.176 0.138 0.150 0.674

Description: *** p < 0.01; ** p < 0.05; * p < 0.1

Source: Processed Primary Data, 2024

Based on the results of  data testing 
with SPSS that the researcher conducted, the 
tcount test of  the technological knowledge in 
all models (see models 1, 5, 9, 10, 14 and 18) 
is greater when compared to the t table with a 
Sig. value is <0.05, so that the technological 
knowledge (X1) has a positive and significant 
effect on the ability to integrate artificial intel-
ligence technology, the conclusion is that H1 
is accepted. 

The t-value of  pedagogical knowledge 
in all models (see models 2, 5, 9, 11, 14 and 
18) is also greater when compared to t-table 
with Sig. <0.05, so that the pedagogical know-
ledge (X2) has a positive and significant effect 

on the ability to integrate artificial intelligence 
technology, the conclusion is that H2 is ac-
cepted.

The content knowledge in models 3, 5, 
9, 12, 14 and 18 has a t-value> 1.997 with a 
Sig. <0.05, so that the content knowledge (X3) 
has a positive and significant effect on the abi-
lity to integrate artificial intelligence technolo-
gy, the conclusion is that H3 is accepted.

Gender becomes a moderating variab-
le between the technological knowledge and 
the ability to integrate artificial intelligence 
technology through the X1.M variable which 
can be seen in models 6, 9, 15 and 18. In mo-
del 15 the t-value > t-table and the Sig value 
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Table 3. Hierarchical Regression Test Results After Adding Control Variables

Variable
Model 

10

Model 

11

Model 

12

Model 

13

Model 

14

Model 

15

Model 

16

Model 

17

Model

18

Main Variable

Technological 

knowledge 

(X1)

0.676*** - - - 0.288** - - - 2.221***

(2.885)       (2.144)       (2.812)

Pedagogical 

knowledge 

(X2)

- 0.426*** - - 0.252** - - - 2.302***

  (3.765)     (2.888)       (4.020)

Content 

knowledge 

(X3)

- - 0.685*** - 0.409** - - - 2.355***

    (3.542)   (2.871)       (2.713)

Gender (M)
- - - 0.196 -0.259 - - - -2.111

      (0.162) (-0.236)       (-0.296)

Interaction Variable

X1*M - - - - - 0.610* - - 1.414***

            (2.725)     (3.081)

X2*M - - - - - - 0.044 - -1.081***

              (1.555)   (-3.645)

X3*M - - - - - - - 0.117* 1.445***

                (1.995) (3.088)

Control Variable

School In-

novation 

Climate (K1)

0.638*** 0.536*** 0.692*** 0.983*** 0.397** 0.896*** 0.914*** 0.908*** 0.321**

(3.806) (3.270) (4.902) (7.726) (2.257) (6.747) (6.953) (7.903) (2.068)

Age (K2)
-2.231*** -2.342*** -2.047** -2.777*** -1.863** -2.428*** -2.529*** -2.378** -1.587**

(-2.537) (-2.816) (-2.384) (-3.014) (-2.222) (-2.645) (-2.768) (-2.611) (-2.108)

School Status 

(K3)

-0.514 -1.049 0.344 -0.883 -0.087 -0.785 -0.951 -0.571 -0.370

(-0.521) (-1.116) (0.340) (-0.845) (-0.087) (-0.769) (-0.928) (-0.559) (-0.409)

Level of  Edu-

cation (K4)

0.013 -0.004 0.155 0.138 -0.006 0.175 0.179 0.201 -0.046

(-0.022) (-0.007) (0.270) (0.218) (-0.011) (0.284) (0.290) (0.329) (-0.093)

Years of  

Teaching (K5)

0.936 0.408 0.633 0.867 0.491 0.793 0.692 0.688 0.161

(0.985) (0.444) (0.685) (0.854) (0.543) (0.800) (0.692) (0.698) (0.199)

Principal 

Leadership 

Style (K6)

2.377 2.668** 1.941 2.727* 2.065 2.625* 2.753* 2.563* 2.151*

(1.664) (1.953) (1.388) (1.794) (1.517) (1.769) (1.848) (1.740) (1.737)

Constant 2.438 1.648 -0.553 5.447 -1.335 3.829 4.154 3.019 1.887

N 68 68 68 68 68 68 68 68 68

R 0.772a 0.792a 0.787a 0.735a 0.814a 0.749a 0.747a 0.754a 0.869a

R2 0.596 0.628 0.619 0.540 0.663 0.561 0.557 0.568 0.755

Description: *** p < 0.01; ** p < 0.05; * p < 0.1
Source: Processed Primary Data, 2024	
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>0.05, while in models 6, 9, and 18 it is pro-
ven that tcount > ttable and Sig. value< 0.05. 
The inconsistent regression results conclude 
that more regression results are influential 
and significant, so that gender can moderate 
the technological knowledge on the ability to 
integrate artificial intelligence technology, the 
conclusion is that H4a is accepted. 

Gender is also a moderating between 
the pedagogical knowledge and the ability 
to integrate artificial intelligence technology 
through the variable X2.M which can be seen 
in models 7, 9, 16 and 18. In model 7, the t-
count value is > t-table and the Sig. value is 
<0.05 so that H4b is only accepted in model 7, 
while in models 9, 16 and 18 it is proven that 
it cannot affect the ability to integrate artificial 
intelligence technology because t-count<t-
table. The inconsistent regression results and 
more models showing the rejection of  H4b, it 
is concluded that H4b is rejected, which me-
ans that gender cannot moderate the peda-
gogical knowledge on the ability to integrate 
artificial intelligence technology. 

Finally, gender is also a moderating bet-
ween the content knowledge and the ability 
to integrate artificial intelligence technology 
through the variable X3.M which can be seen 
in models 8, 9, 17 and 18. In model 17, the 
t-count value is <t-table and the Sig. value. 
> 0.05 so that H4b is only rejected in model 
17, while in models 8, 9 and 18 it is proven 
to affect the ability to integrate artificial intel-
ligence technology because t count > t table 
and Sig. < 0.05. The inconsistent results of  
the regression and more models indicate the 
acceptance of  H4c, it is concluded that H4c 
is accepted, which means that gender can mo-
derate the content knowledge on the ability to 
integrate artificial intelligence technology. 

Based on the results of  the hypothesis 
through the t test, it can be concluded that the 
independent variables of  the study partially 
have an influence on the dependent variable. 
Technological knowledge has a positive and 
significant effect on the ability to integrate 
artificial intelligence technology, pedagogical 
knowledge has a positive and significant effect 

on the ability to integrate artificial intelligence 
technology and content knowledge has a posi-
tive and significant effect on the ability to in-
tegrate artificial intelligence technology. 

The gender moderating variable as an 
interaction variable with technological kno-
wledge and content knowledge has a positive 
and significant effect on the ability to integra-
te artificial intelligence technology, while the 
gender moderating variable as an interaction 
variable with pedagogical knowledge does not 
have a positive and significant effect on the abi-
lity to integrate artificial intelligence technolo-
gy, meaning that gender cannot strengthen or 
weaken pedagogical knowledge on the ability 
to integrate artificial intelligence technology. 

TPACK is a framework for integrating 
technology, pedagogy and content in lear-
ning. Koehler et al., (2013) stated that mastery 
of  TPACK understanding helps teachers in 
planning and applying technology-based cur-
riculum. This competency can make it easier 
for teachers to determine the type of  model, 
learning strategy, media and learning resour-
ces that will be used as support in the learning 
process, this will enable teachers to carry out 
the learning process optimally. TPACK can be 
considered a strong framework for explaining 
capabilities in artificial intelligence-based te-
aching (Celik, 2023).

The Influence of Technological Knowledge 
on Artificial Intelligence Technology Inte-
gration Capabilities

Based on the test, hypothesis one (H1) 
through hierarchical regression analysis re-
sulted in the conclusion that H1 was accepted, 
namely that technological knowledge has a 
significant effect on the ability to integrate ar-
tificial intelligence technology. This illustrates 
that the higher the technological knowledge 
of  teachers, the higher the ability to integrate 
technology into economics learning. Increa-
sing this integration ability can foster a positi-
ve attitude towards the use of  technology and 
ultimately result in its use in various ways. 
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In line with the research results of  De-
missie et al., (2022) who stated that technolo-
gy is positively related to technology integra-
tion. Likewise, the research of  Karaca et al., 
(2013, p. 360) stated that technological kno-
wledge has the strongest effect on technology 
integration. However, this study showed that 
technological knowledge has the lowest in-
fluence among other variables when not ad-
ded with control variables. This is in line with 
the research of  Shinas et al., (2013) which sta-
ted that teachers’ technological knowledge is 
lower than pedagogical knowledge. Hew and 
Brush (2007) built a theoretical model to iden-
tify the relationship between variables that in-
fluence technology integration. In this model, 
technology integration is directly influenced 
by teacher knowledge and skills, teacher at-
titudes and beliefs toward technology use, in-
stitutions, and resource availability. 

Information and Communication 
Technology (ICT) in the teaching and learning 
process has become very common today. Ac-
tivities that integrate technology will increase 
students’ awareness to become more effective 
and creative thinkers in facing learning. This 
provides easy access to discussions and invol-
ves students more in the teaching and learning 
process when using technology. 

Teachers who are accustomed to using 
technology in various ICT-based activities will 
help have various strong abilities in techno-
logical knowledge, such as determining the 
right technology, how to use it and solving 
problems with technology. Therefore, techno-
logical knowledge is undoubtedly one of  the 
foundations of  learning technology integra-
tion, and this study shows that increasing te-
achers’ technological knowledge will increase 
teachers’ use of  ICT in the classroom. Oliva-
Cordova et al. (2021) stated that the use of  
technology in teaching practices makes it easy 
for students to learn, but its efficient applica-
tion still depends on the teacher’s technologi-
cal and pedagogical knowledge, therefore by 
increasing teachers’ technological knowledge, 
students will also have an easy learning expe-

rience. Technological knowledge also includes 
an interest in following technological deve-
lopments. Teachers with higher technologi-
cal knowledge are able to apply technological 
devices in their professional and daily lives 
and can easily understand the extent to which 
technology can support or hinder task comp-
letion.

The Influence of Pedagogical Knowledge 
on Artificial Intelligence Technology Inte-
gration Ability

The results of  the second hypothesis 
study (H2) through hierarchical regression 
analysis resulted in the conclusion that H2 
was accepted, namely that pedagogical know-
ledge had a significant influence on the ability 
to integrate artificial intelligence technolo-
gy. In line with research (Shinas et al., 2013) 
which states that pedagogical knowledge has 
an effect on technology integration. Perdani 
& Sri Andayani, (2022) also stated that peda-
gogical knowledge has a positive and signifi-
cant effect, the highest among other variables, 
namely content knowledge. Likewise, this 
study also obtained results that pedagogical 
knowledge has the highest effect compared 
to other variables. This illustrates that when 
teachers have high pedagogical knowledge, 
the intensity of  integrating technology into 
economics learning will also be high. Artifi-
cial intellegence technology can be used for ef-
fective teaching when teachers have sufficient 
pedagogical knowledge to utilize artificial in-
telligence-based tools (Cavalcanti et al., 2021). 
Therefore, pedagogical knowledge is very im-
portant for the implementation of  artificial 
intellegence based technology. The quality of  
education is recognized as an important and 
critical aspect of  development. Therefore, to 
achieve quality education, teachers ensure the 
development of  the potential of  the younger 
generation. To develop this potential, teacher 
education institutions are tasked with prepa-
ring future teachers who are equipped with 
pedagogical knowledge.
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One of  the artificial intelligence techno-
logies is chatbot. Chatbots function as con-
versational or virtual agents for learners and 
teachers. Educators can initiate a conversation 
with Chatbots through voice or text input, te-
achers can utilize Chatbots to get help in main-
taining student learning motivation, in additi-
on, Chatbots can send notifications to teachers 
about student learning progress (Celik, 2023). 
Intelligent tutoring systems can also be used 
interchangeably with adaptive learning sys-
tems and personalized learning platforms. In 
these systems or platforms, students are pro-
vided with learning content based on student 
needs. Intelligent tutoring systems reduce the 
workload of  teachers, thereby giving teachers 
more time during learning (Celik, 2023). 

Artificial intelligence enhanced das-
hboards allow teachers to monitor student 
knowledge construction, cognitive and emo-
tional engagement (Hew & Brush, 2007). Au-
tomated assessment systems recognize and 
automatically assess student responses. These 
tools are also known as automated assessment 
systems. This is represented as being able to 
help teachers organize and support learning 
progress.

The Influence of Content Knowledge on 
Artificial Intelligence Technology Integra-
tion Ability

The results of  the statistical calculati-
on of  the third hypothesis (H3) through hie-
rarchical regression analysis resulted in the 
conclusion that H3 was accepted, namely that 
content knowledge influences the ability to in-
tegrate artificial intelligence technology. This 
finding is in line with (Santika et al., 2021) and 
Akram, (2021) which show that economics te-
achers content knowledge influences techno-
logy interaction and has the highest level. This 
finding is reinforced by research by Perdani & 
Sri Andayani, (2022) which states that con-
tent knowledge has a positive and significant 
effect, but the content is relatively low. This 
is contrary to research by Joo et al., (2018) 
which identified that technology integration 

in education is not influenced technological, 
pedagogical and content knowledge but is di-
rectly influenced by other factors such as te-
acher self-efficacy, perceived ease of  use, and 
perceived usefulness of  technology use. 

With content knowledge, teachers are 
able to respond to class needs. Professional 
teachers can utilize their knowledge of  econo-
mic subjects to organize and use their know-
ledge more effectively so that students can un-
derstand it. Artificial intelligence technology 
can contribute to teachers’ content knowled-
ge, for example teachers can search for lesson 
materials using chatbot or other WEBs and 
summarize them which will then be used as 
learning materials in class.

Gender Moderates the Relationship be-
tween Technology Knowledge and Arti-
ficial Intelligence Technology Integration 
Ability

The results of  the H4a study through 
hierarchical regression analysis resulted in the 
conclusion that H4a was accepted, namely 
that the gender moderating variable can mo-
derate technological knowledge on the ability 
to integrate artificial intelligence technology. 
So that the gender variable can be said to have 
a strong influence on technological knowled-
ge on the integration of  artificial intelligence 
technology. This is in line with Marín-Díaz et 
al., (2020) which states that men tend to be 
greater towards technology integration than 
women.

Suwana and Lily’s research, (2017, p. 
216) also revealed that there is a gap in techno-
logical knowledge in gender and gender dif-
ferences affect a persons ability to integrate 
technology, the results of  the study showed 
that the most dominant were men, the same 
as this study which resulted in the conclusi-
on that men are more dominant than women, 
although there are many female technology 
users, the ability to use and utilize it is still low, 
this is due to the background of  the educatio-
nal environment, lack of  skills and facilities 
and lack of  information technology training 
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for women and the influence of  patriarchal 
culture. This is further strengthened by rese-
arch by Roussinos and Jimoyiannis, (2019, 
p. 14) that gender influences technology and 
male teachers are more competent than fema-
le teachers. Cheng and Xie (2018) also stated 
that gender can strengthen technological com-
petence towards integrating technology and 
the tendency towards men rather than women.

Gender Cannot Moderate the Relationship 
between Pedagogical Knowledge and Arti-
ficial Intelligence Technology Integration 
Ability

The results of  the H4b study concluded 
that H4b was rejected, namely that the gender 
moderating variable cannot moderate pedago-
gical knowledge on the ability to integrate ar-
tificial intelligence technology. The results of  
the study showed that pedagogical knowledge 
influenced the ability to integrate artificial in-
telligence technology but was not strengthened 
or weakened by gender (there was no differen-
ce between men and women). This shows that 
both men and women have the same interest 
in mastering pedagogical knowledge in order 
to support the ability to integrate artificial in-
telligence technology in learning so that the 
teaching and learning process becomes effecti-
ve. The results of  this study are not in line with 
(Ortega-Sanchez & Gomez-Trigueros, 2020); 
Lin et al., (2013) who explained that there are 
gender differences, namely higher pedagogical 
knowledge in female teachers. Castera et al. 
(2020) found the same results as this study, 
that gender cannot moderate technology in-
tegration.

This result is in accordance with femi-
nist theory, which states that men and women 
have the same opportunities in how to think 
about determining learning strategies, mana-
ging classes, guiding students and using effec-
tive and efficient assessment methods in lear-
ning.

Gender Moderates the Relationship be-
tween Content Knowledge and Artificial 
Intelligence Technology Integration Ability

The results of  the H4c study through 
hierarchical regression analysis resulted in 
the conclusion that H4c was accepted, na-
mely that the gender moderating variable can 
moderate content knowledge on the ability to 
integrate artificial intelligence technology. So 
that the gender variable can be said to have a 
strong influence on content knowledge on the 
integration of  artificial intelligence technolo-
gy. The results of  this study are supported and 
in line with the research of  Ortega-Sanchez & 
Gomez-Trigueros, (2020) which states that te-
acher content knowledge can strengthen and 
influence technology integration. However, 
this finding contradicts the research of  Caste-
ra et al., (2020) which states that gender can-
not moderate TPACK, including content kno-
wledge on technology integration, this makes 
men and women have the same responsibility 
and rights in utilizing the content knowledge 
they have to be integrated into technology. In 
contrast to this study which states that content 
knowledge is higher in male teachers than fe-
male teachers. 

The dominance of  male teachers can 
occur because self-efficacy and self-confidence 
in women are lower than in men. Self-efficacy 
refers to a person’s belief  or confidence in their 
ability to overcome certain tasks or challenges. 
Self-confidence is a person’s general belief  in 
their overall abilities. This is supported by 
research by Trimayati, et al., (2023); Fatma 
(2015); Listiyanto & Sutarto (2016) which sta-
tes that there are differences in self-confidence 
in terms of  gender between men and women, 
men have higher self-confidence compared to 
women. Self-confidence is very much needed 
by someone, including teachers. Self-confi-
dence in teachers can encourage them to be 
able to freely express all their abilities, one of  
which is the knowledge of  learning content 
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that teachers have. Confidence and self-confi-
dence in teachers are very important for suc-
cess in achieving learning goals.

Control Variables on Artificial Intelligence 
Technology Integration Capabilities

This study contains control variables, 
namely school innovation climate, age, school 
status, education level, length of  teaching, 
principal leadership style. The results of  the 
study showed that the school innovation cli-
mate is one of  the important factors and has a 
significant influence on the ability to integrate 
artificial intelligence technology, which means 
that the better and more positive the innova-
tion climate in schools, such as teachers who 
are willing to try, develop and have a positi-
ve attitude towards new ideas in learning, te-
achers who are willing to take risks to make 
their schools better, teachers who continue to 
improve their teaching and teachers are active-
ly involved in their professional development 
activities, then the technological knowledge, 
pedagogical knowledge and content knowled-
ge possessed by teachers will increase, this will 
encourage teachers to improve their artificial 
intelligence technology integration capabi-
lities. The age control variable also plays an 
important role and has a significant influence 
on the ability to integrate artificial intelligence 
technology, which means that the younger the 
teacher’s age, the technological knowledge, 
pedagogical knowledge and content knowled-
ge possessed by teachers will increase, this will 
encourage teachers to improve their artificial 
intelligence technology integration capabili-
ties. 

The control variables of  school sta-
tus, education level, length of  teaching and 
principal’s leadership style do not have a signi-
ficant effect on the ability to integrate artificial 
intelligence technology. This shows that when 
viewed from the school status (public or priva-
te high school), viewed from the teacher’s edu-
cation level (high school/high school gradua-
te, D3, S1, S2, S3), from the length of  teaching 
(0 - >6 years), and viewed from the principal’s 

leadership style (Democratic, autocratic, lais-
sez faire) there is no difference in determining 
the ability to integrate artificial intelligence 
technology.

CONCLUSION

Based on the results of  hypothesis tes-
ting with statistical analysis, it can be conclu-
ded that technological knowledge, pedagogi-
cal knowledge and content knowledge have 
a positive and significant effect on the ability 
to integrate artificial intelligence technology. 
Gender moderation is also able to strengthen 
technological knowledge and content know-
ledge on the ability to integrate artificial in-
telligence technology with the most dominant 
being men. However, gender is unable to st-
rengthen or weaken pedagogical knowledge 
on the ability to integrate artificial intelligen-
ce technology, this can explain that both men 
and women will be able to have the same pe-
dagogical mastery in integrating technology 
into economic learning.

REFERENCES

Akram, H., Yingxiu, Y., Al-Adwan, A. S., & 
Alkhalifah, A. (2021). Technology Integra-
tion in Higher Education During COV-
ID-19: An Assessment of  Online Teaching 
Competencies Through Technological Ped-
agogical Content Knowledge Model. Fron-
tiers in Psychology, 12(August), 1–11. https://
doi.org/10.3389/fpsyg.2021.736522

Anzora, I. & F. (2018). Analisis Pedagogical Con-
tent Knowledge Mahasiswa Calon Guru 
Pendidikan Matematika. Jurnal Pendidi-
kan Matematika, 7, 239–250.https://doi.
org/10.31980/mosharafa.v7i2.505

Castera, J., Marre, C. C., Yok, M. C. K.,Sherab, 
K., Impedovo, M. A., Sarapu, T., et al. 
(2020). Self-reported TPACK of  teacher 
educators across six countries in Asia and 
Europe. Educ. Inf. Technol, 25, 3003–3019. 
DOI:10.1007/s10639-020-10106-6

Cavalcanti, A. P., Barbosa, A., Carvalho, R., Fre-
itas, F., Tsai, Y. S., Gaševic, D., & Mello, 



Fadilah Mutia Latifah, Muhammad Sabandi, & Dini Octoria/ EEAJ 14 (2) (2025) 158-170

169

R. F. (2021). Automatic feedback in online 
learning environments: A systematic litera-
ture review. Computers and Education: Artifi-
cial Intelligence, 2(2021),100027. https://doi.
org/10.1016/j.caeai.2021.100027

Celik, I. (2023). Towards Intelligent-TPACK: An 
empirical study on teachers’ professional 
knowledge to ethically integrate artificial 
intelligence (AI)-based tools into education. 
Computers in Human Behavior, 138(August 
2022), 107468.https://doi.org/10.1016/j.
chb.2022.107468

Cheng, S. L., & Xie, K. (2018). The relations 
among teacher value beliefs, personal char-
acteristics, and TPACK in intervention 
and non-intervention settings. Teaching and 
Teacher Education, 74,98-113.https://doi.
org/10.1016/j.tate.2018.04.014

Demissie, E. B., Labiso, T. O., & Thuo, M. W. 
(2022). Teachers’ digital competencies and 
technology integration in education: In-
sights from secondary schools in Wolaita 
Zone, Ethiopia. Social Sciences and Hu-
manities Open, 6(1), 100355. https://doi.
org/10.1016/j.ssaho.2022.100355

Fatma, F. (2015). A study of  self-confidence of  
adolescents in relation to their gender, local-
ity and academic achievement. IJAR, 1(12), 
541-544.

Hew, K. F., & Brush, T. (2007). Integrating tech-
nology into K-12 teaching and learning: 
Current knowledge gaps and recommen-
dations for future research. Educational 
Technology Research and Development, 55(3), 
223–252. https://doi.org/10.1007/s11423-
006-9022-5 

Joo, Y, Park., Sunyoung., & Lim. (2018). Factors 
Influencing Preservice Teachers’ Inten-
tion to Use Technology: TPACK, Teacher 
Self-Efficacy, and Technology Acceptance 
Model. Educational Technology & Society, 
21(3), 48-59. https://www.proquest.com/
docview/2147866157 

Karaca, F., Can, G., & Yildirim, S. (2013). A path 
model for technology integration into el-
ementary school settings in Turkey. Comput-
ers and Education, 68, 353–365.  https://doi.
org/10.1016/j.compedu.2013.05.017

Koehler, M. J., Mishra, P., & Cain, W. (2013). 
What is Technological Pedagogical Con-
tent Knowledge (TPACK)? Journal of  
Education, 193(3), 13–19. https://doi.
org/10.1177/002205741319300303

Lusardi, A. (2019). Financial literacy and the need 
for financial education: evidence and impli-
cations. Swiss Journal of  Economics and Statis-
tics, 155(1), 1–8. https://doi.org/10.1186/
s41937-019-0027-5

Lin, T. C., Tsai, C. C., Chai, C. S., & Lee, M. H. 
(2013). Identifying Science Teachers’ Per-
ceptions of  Technological Pedagogical and 
Content Knowledge (TPACK). Journal of  
Science Education and Technology, 22(3), 325–
336. DOI:10.1007/s10956-012-9396-6

Listiyanto, M., & Sutarto, W. (2016). Perbedaan 
Self  Confidence ditinjau dari Jenis Kelamin 
di Mix Swalayan Salatiga. Skripsi. Fakultas 
Psikologi Universitas Kristen Satya Wa-
cana.

Marín-Díaz, V., Riquelme, I., & Cabero-Almen-
ara, J. (2020). Uses of  ICT tools from the 
perspective of  chilean university teachers. 
Sustainability (Switzerland), 12(15), 1-12.
https://doi.org/10.3390/su12156134

Oliva-Cordova, L. M., Garcia-Cabot, A.,and 
Amado-Salvatierra, H. R. (2021). Learning 
analytics to support teaching skills: a sys-
tematic literature review.

IEEE Access 9, 58351–58363. DOI:10.1109/AC-
CESS.2021.3070294

Ortega-Sanchez, D., & Gomez-Trigueros, I. M. 
(2020). MOOCs and NOOCs in the Train-
ing of  Future Geography and History Teach-
ers: A Comparative Cross-Sectional Study 
Based on the TPACK Model. IEEE Access, 
8, 4035–4042. https://doi.org/10.1109/
ACCESS.2019.2963314

Perdani, B. U. M., & Sri Andayani, E. (2022). 
Pengaruh kemampuan technological peda-
gogical content knowledge (TPACK) ter-
hadap kesiapan menjadi guru. Jurnal Pen-
didikan Akuntansi Indonesia, 19(2), 99–115. 
DOI:10.21831/jpai.v19i2.46021

Roussinos, D., & Jimoyiannis, A. (2019). Exam-
ining Primary Education Teachers’ Percep-
tions of  TPACK and the Related Educa-



Fadilah Mutia Latifah, Muhammad Sabandi, & Dini Octoria/ EEAJ 14 (2) (2025) 158-170

170

tional Context Factors. Journal of  Research 
on Technology in Education, 51(4), 377–397. 
https://doi.org/10.1080/15391523.2019.1
666323

Santika, V., Indriayu, M., & Sangka, K. B. (2021). 
Profil TPACK Guru Ekonomi di Indonesia 
sebagai Pendekatan Integrasi TIK selama 
Pembelajaran Jarak Jauh pada Masa Pan-
demi Covid-19. Duconomics Sci-Meet (Educa-
tion & Economics Science Meet), 1, 356–369. 
https://doi.org/10.37010/duconomics.
v1.5470

Santos, J. M., & Castro, R. D. R. (2021). Tech-
nological Pedagogical content knowledge 
(TPACK) in action: Application of  learn-
ing in the classroom by pre-service teachers 
(PST). Social Sciences and Humanities Open, 
3(1), 100110. https://doi.org/10.1016/j.
ssaho.2021.100110

Shinas, V. H., Yilmaz-Ozden, S., Mouza, C., 
Karchmer-Klein, R., & Glutting, J. J. 
(2013). Examining domains of  technologi-
cal pedagogical content knowledge using 
factor analysis. Journal of  Research on Tech-
nology in Education, 45(4), 339–360. https://
doi.org/10.1080/15391523.2013.10782609

Sidik, R., & Sumartini. (2021). Technological, 
Pedagogical, content Knowledge (TPACK): 
Studikasus Pada Guru Ekonomi Dipenga-
ruhi Computer Self-Efficacy. Jurnal Educa-
tion and Development,9(4),128-131.https://
doi.org/10.37081/ed.v9i4.3076

Sugiyono. (2018). Prof. Dr. Sugiyono. 2018. 
Metode Penelitian Kuantitatif, Kualitatif, 
dan R&D. Bandung: Alfabeta. Prof. Dr. 
Sugiyono. 2018. Metode Penelitian Kuan-
titatif, Kualitatif, Dan R&D. Bandung: Al-
fabeta.

Sukaesih, S., Ridlo, S., & Saptono, S. (2017). Anali-
sis Kemampuan Technological Pedagogical 
and Content Knowledge(TPACK) Calon 
Guru pada Mata Kuliah PP Bio. Seminar 
Nasional Pendidikan Sains, 21.

Suwana, F., & Lily. (2017). Empowering Indone-
sian women through building digital media 
literacy. Kasetsart Journal of  Social Sciences, 
38(3), 212–217. https://doi.org/10.1016/j.
kjss.2016.10.004

Trimayati, R., Ima., & Setyani. (2023). Perband-
ingan Tingkat Kepercayaan Diri Ditinjau 
Dari Jenis Kelamin Pada Siswa SMA Neg-
eri 1 Cerme. Psikosains, 18(1), 42-48.


