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ABSTRACT

Understanding pre-service teachers’ perceived technological pedagogical content knowledge (TPACK) is impor-
tant to better prepare them for their future STEM-related careers. Thus, this study aims to examine pre-service 
teachers’ perceptions of  TPACK in relation to their age, gender, and grade level. To achieve this goal, a cross-
sectional survey design was used in this quantitative non-experimental research. Participants included 481 (136 
male; 345 female) pre-service teachers from four public and private universities in Indonesia. A 27-item PT-
TPACK Survey was used to gather data. Independent t-test, ANOVA, and Person’s correlation were executed to 
analyze the data. The findings suggested that pre-service teachers performed the highest self-confidence level in 
pedagogy knowledge and the lowest in technology knowledge. They rated themselves above four on a five-point 
scale. No significant differences for all TPACK dimensions were found in terms of  gender and age. In addition, 
there was a significant difference between pre-service teachers who were at the postgraduate level and those at 
the undergraduate level. Moreover, a high positive and significant correlation existed between all six TPACK do-
mains. It is suggested that pre-service teacher preparation programs should facilitate pre-service STEM teachers 
how to integrate pedagogy, content, and technology together to create effective technology-enhanced learning in 
their subjects. 
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INTRODUCTION

In the twenty-first century, the rapid de-
velopment of  ICT has provided a massive acce-
leration to all aspects of  education. However, to 
successfully utilize digital technology tools in an 
educational context, pre-service teachers should 
be able to integrate their technological know-
ledge and apply it in a particular educational 
context (Irmak & Tüzün, 2018). Thus, it seems 
important to effectively nurture pre-service teach-
ers’ technological pedagogical and content kno-
wledge (TPACK) in teacher training programs 

(Irwanto, 2021; Kartimi et al., 2021). It aims to 
enable pre-service teachers to effectively integra-
te technology into their future careers. It should 
be noted that enhancing TPACK is important 
for pre-service teachers to not only focus on how 
to use technological skills but also apply digital 
technologies in their instruction. In previous stu-
dies, the benefits of  integrating TPACK in teach-
ing practices have been well-documented, such 
as the use of  technology can enhance pre-service 
teachers’ confidence (Adamy & Boulmetis, 2006; 
Özçakır & Aydın, 2019), promote motivation 
rates (Gómez-García et al., 2021), and help bet-
ter visualization of  abstract concepts (Irmak & 
Tüzün, 2018). Due to the popularity of  techno-
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logy in education, TPACK is increasingly beco-
ming an essential framework adopted by many 
researchers and educators to enhance pre-service 
teachers’ knowledge of  integrating digital techno-
logies into their classroom teaching and learning.

By adding a dimension related to techno-
logical knowledge (TK), TPACK—proposed by 
Mishra & Koehler (2006)—is actually rooted in 
Shulman’s (1986) model, which is based on two 
main dimensions related to content knowledge 
(CK) and pedagogical knowledge (PK). As a re-
sult, all three dimensions of  knowledge intersect 
into seven factors, such as TK, PK, CK, technolo-
gical pedagogical knowledge (TPK), pedagogical 
content knowledge (PCK), technological content 
knowledge (TCK), and TPACK. This reflects that 
in the TPACK model, technological skills, subject 
matter knowledge, and pedagogical competen-
cies of  pre-service teachers should be developed 
together rather than being improved separately. 
Hence, to be more effective in classrooms, pre-
service teachers are expected to employ technolo-
gy integrated with pedagogy and content. In the 
literature, the TPACK framework has been used 
frequently in the last decade. Nevertheless, earlies 
studies suggest the need for studies analyzing the 
relationship between TPACK and demographic 
factors, such as gender, age, and grade levels (Chai 
et al., 2016). To date, the individual personal fac-
tors affecting pre-service teachers’ TPACK levels 
remain unclear. Hence, it seems that there is a vi-
tal need to investigate how demographic factors 
affect pre-service teachers’ perceived TPACK.

Nowadays, many researchers have indica-
ted an interest in the differences in the TPACK 
of  pre-service teachers with respect to gender and 
revealed various findings. For instance, Muhai-
min et al. (2019) explored 356 Indonesian science 
teachers’ perceptions of  TPACK and found that 
there is a significant gap between male and female 
teachers in terms of  TK, PK, TPK, and TPACK. 
Similarly, Çetin-Berber and Erdem (2015) investi-
gated 491 Turkish pre-service teachers’ perceived 
TPACK and reported a significant gap in pre-ser-
vice teachers’ perceptions of  the TPACK with re-
gard to gender. In a study, Jamieson-Proctor et al. 
(2010) analyzed the confidence levels of  TK and 
TPACK among final year education students in 
two Queensland universities and they also found 
a significant gap between female and male pre-
service teachers with regard to their confidence 
to use ICT for teaching and learning purposes. 
A similar trend was also found in the study of  
Luik et al. (2017) who believed that the TPACK 
of  pre-service teachers was influenced by gender 
in favor of  male students. However, other stu-

dies showed no significant difference in terms of  
TPACK scores and gender. For example, Yildiz 
(2017) investigated the techno-pedagogical com-
petencies of  552 pre-service elementary mathe-
matics teachers in relation to some variables and 
reported no statistically significant gap between 
the techno-pedagogical competencies of  female 
and male pre-service teachers. Supportively, Lin 
et al. (2013) explored 222 Singaporean in-service 
and pre-service science teachers’ perceptions of  
TPACK. They concluded that gender had no 
significant effect on pre-service teachers’ percep-
tions of  technological knowledge and pedago-
gical knowledge. This insignificant result is also 
supported by previous research (e.g., Koh & Sing, 
2011; Altun & Akyıldız, 2017). The lack of  ag-
reement among researchers indicates that more 
studies are needed. In light of  the above-men-
tioned studies, it is necessary to understand the 
effect of  gender on pre-service teachers’ percei-
ved TPACK. Therefore, in the current study, the 
influence of  gender on the pre-service teachers’ 
TPACK was explored further.

In published studies, it was reported 
that age was a dominant variable in relation to 
TPACK competencies. In their study, Luik et al. 
(2017) investigated the perceptions of  TPACK 
among 413 pre-service teachers in Estonia and 
found differences in perceived TPACK according 
to age. In another study, TK was significantly and 
positively associated with pre-service teachers’ 
age (Lin et al., 2013). Muhaimin et al. (2019) also 
found that there was a significant gap between TK 
and TPK in terms of  age. Different from previous 
studies, some scholars and researchers could not 
find any age differences in any perceived TPACK 
components. For instance, Cetin-Berber and Er-
dem (2015) documented that there was no sig-
nificant gap in pre-service teachers’ perceptions 
of  TPACK with regard to age. In the Indonesian 
context, Muhaimin et al. (2019) agreed that there 
was no significant difference in PK, CK, PCK, 
TCK in terms of  age. Empirical studies have 
claimed that age may not be a significant factor 
influencing pre-service teachers’ perceptions of  
TPACK (Koh et al., 2010; Koh & Sing, 2011). 
This contradictory result is also supported by 
Jamieson-Proctor et al. (2010) who reported that 
there was no significant gap in TPACK confiden-
ce by age of  pre-service teachers. Previous studies 
have documented the inconsistency of  the effect 
of  age on perceptions of  TPACK. It is seen that 
there is a contradiction for age groups variable in 
previous literature. Thus, it is necessary to exp-
lore how pre-service teachers’ age affects the di-
mensions of  TPACK in the current study.
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In addition to gender and age, grade level 
plays a vital role in pre-service teachers’ percei-
ved TPACK. In prior studies, a significant gap in 
pre-service teachers’ perceptions of  TPACK was 
found across grade levels. For example, Keser et 
al. (2015) examined the TPACK competencies of  
712 pre-service teachers based on various variab-
les. At the end of  the study, they reported that 
there was a statistically significant difference gap 
between first-year and fourth-year students in 
relation to their TPACK competencies. In a re-
cent survey, Koyuncuoğlu (2021) examined the 
TPACK perceptions of  186 graduate students 
based on some variables in Turkey and found a 
significant difference among the mean scores of  
PK, CK, and TCK by education level. He also 
reported that the mean PK, CK, and TCK scores 
of  the doctoral students were significantly greater 
than those of  the master’s students. Similar to ear-
lier studies, Çetin-Berber and Erdem (2015) noted 
that grade level had an effect on pre-service teach-
ers’ TPACK regarding their perceptions of  PCK 
and TCK. They asserted that fourth-year students 
rated PCK significantly higher than second-year 
students, and third-year students perceived TCK 
significantly greater than second-year students. 

Moreover, Luik et al. (2017) emphasized 
that the TPACK perceptions of  postgraduate 
students were significantly greater compared 
with the perceptions of  undergraduate students. 
In other words, this finding can be interpreted 
that the grade level may have an impact on the 
competency level of  the TPACK. Unfortunate-
ly, the findings mentioned above are in contrast 
to previous studies. For instance, Altun (2019) 
examined the TPACK competencies of  481 pre-
service early childhood teachers and reported 
no statistically significant differences among the 
pre-service teachers’ TPACK scores in relation to 
their grade level. Similarly, Koyuncuoğlu (2021) 
declared that there was no significant difference 
in the mean TK, PCK, TPK, and TPACK sco-
res based on the graduate education program. 
Through a cross-sectional design, Turgut (2017) 
investigated 174 Turkish pre-service teachers’ 
self-perceived TPACK and she also reported that 
there was no significant gap between fourth-year 
and second-year students related to TK, TCK, 
TPK, and TPACK. Further, an insignificant dif-
ference was also found between second-year and 
third-year students with regard to CK, PK, and 
PCK. It is seen that there has been no agreement 
in the literature on the effect of  grade level on pre-
service teachers’ TPACK. Therefore, pre-service 
teachers’ perceptions of  TPACK were investiga-
ted in terms of  grade level to analyze whether 

there were significant differences. In general, the 
finding of  previous studies suggest that gender, 
age, and grade level might correlate to TPACK; 
thus, the influence of  sociodemographic factors 
should be examined further.

In the literature, for instance, Çetin-Berber 
and Erdem (2015) expressed that PK and CK 
contributed significantly to pre-service teachers’ 
TPACK domains. In the study of  Lin et al. (2013), 
it was also found that science teachers’ perceived 
knowledge of  technology, pedagogy, and content 
(TPC) significantly and positively correlated with 
all the TPACK factors. A study in the UEA by 
Khine et al. (2016) explored the relationships 
among the six TPACK factors. They found that 
TK, PK, CK, and TPK were significant deter-
minants of  pre-service teachers’ TPK, PCK, and 
TPACK. This is in accordance with the study 
of  in-service teachers which found that a strong 
positive and significant relationship appeared 
between TCK and TPK, TPK and TPACK, and 
TCK and TPACK (Roig-Vila et al., 2015). Whe-
reas in some other studies, each of  the TPACK 
components (e.g., TK) was not a significant de-
terminant of  pre-service teachers’ TPACK deve-
lopment (Çetin-Berber & Erdem, 2015). Another 
study reported that CK was not significantly asso-
ciated with PCK and also there was no significant 
relationship between PCK and TPACK (Khine 
et al., 2016). Moreover, in Germany, Krauskopf  
and Forssell (2018) investigated the relationship 
between TPACK and several variables and they 
also found that there was no significant correlati-
on between TK, PK, and TPACK among pre-ser-
vice teachers. This indicates that the relationship 
between the TPACK factors remains unclear. 
Based on the existing literature, the researchers 
argued that there is a need to examine the cor-
relation between TPACK dimensions in order to 
make this possible relationship clearer. Besides, it 
was assumed to be important to analyze the ele-
ments influencing TPACK (e.g., gender, age, gra-
de level) among Indonesian pre-service teachers. 
Hence, the current study is expected to contribute 
to the TPACK literature and provide information 
for higher education institutions to design teacher 
development programs.

According to the aforementioned issues, 
the present study aimed to explore pre-service 
teachers’ perceptions of  TPACK with respect to 
their gender, age, and grade levels and to inves-
tigate whether there is a statistically significant 
relationship between TPACK factors. Depending 
on this purpose, the specific research questions 
addressed in this study are the following: (1) Is 
there a statistically significant difference between 
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pre-service teachers’ TPACK perceptions by gen-
der?; (2) Is there a statistically significant differen-
ce between pre-service teachers’ TPACK percep-
tions by age? ; (3) Is there a statistically significant 
difference between pre-service teachers’ TPACK 
perceptions by grade level?; (4) Is there a statisti-
cally significant relationship between pre-service 
teachers’ TPACK domains?

METHODS

The study used a cross-sectional survey 
method. In this quantitative research design, 
the survey method helps researchers describe an 
event or phenomenon in the form of  its existence 
without any intervention that affects the results 
(Fraenkel et al., 2019). To meet the purpose of  the 
study, the TPACK scores of  pre-service STEM 
teachers were investigated by considering their 
gender, age, and grade levels at one point in time. 

The sample in this study was 481 pre-ser-
vice teachers at 4 public and private universities 
in Indonesia who were recruited using a purposi-
ve sampling technique. The researchers gathered 

data at the end of  the even semester in the 2020-
2021 academic year. Out of  the total, most of  the 
participants were females (n = 345; 71.7%), within 
23-25 age range (n = 230; 47.8%), and third-year 
Bachelor of  Education (BEd) students (undergra-
duate level: n = 283; 58.8%) who had completed 
a microteaching course. In this survey, partici-
pants were recruited from Science, Technology, 
Engineering, and Mathematics (STEM)-related 
majors, for example, Department of  Chemistry 
Education, Department of  Physics Education, 
Department of  Biology Education, Department 
of  Mathematics Education, Department of  Edu-
cational Technology, Department of  Electronic 
Engineering Education, Department of  Culinary 
Education, and Department of  Informatics and 
Computer Engineering Education. All pre-servi-
ce teachers were invited to complete online sur-
veys using Google Forms. In the context of  the 
current COVID-19 pandemic, online surveys can 
be quickly created and distributed with a wide 
reach (Evans & Mathur, 2005). More specifically, 
the demographic information of  the respondents 
is exhibited in Table 1.

Table 1. Demographic Profile of  Respondents

Variable Frequency (n) Percentage (%)

Gender

Male 136 28.3

Female 345 71.7

Age

Between 20 - 22 Years 204 42.4

Between 23 - 25 Years 230 47.8

Exceeded 25 years 47 9.8

Grade Level

2nd Year BEd 105 21.8

3rd Year BEd 283 58.8

4th Year BEd 33 6.9

Master of  Education (MEd) 60 12.5

Total 481 100.0

To explore the TPACK of  pre-service te-
achers, the researchers adapted the Pre-service 
Teacher Technological Pedagogical Content 
Knowledge (PT-TPACK) Survey originally de-
veloped by Lux et al. (2011). The original scale 
consisted of  two parts. Specifically, the first part 
included questions aimed at gathering demo-
graphic data on the respondents. The second part 
covered 27 items in 6 TPACK domains; Techno-
logy Knowledge (TK; 4 items), Pedagogy Kno-
wledge (PK; 4 items), Content Knowledge (CK; 

3 items), Pedagogical Content Knowledge (PCK; 
3 items), Technological Pedagogical Knowledge 
(TPK; 5 items), and Technological Pedagogical 
Content Knowledge (TPCK; 8 items). The PT-
TPACK Survey has a 5-point Likert scale format 
(from strongly disagree ‘1’ to strongly agree ‘5’). 
The lowest score obtained from the scale was 27 
while the highest was 135. For the adaptation of  
the study, the instrument was then translated into 
Indonesian using a standard protocol. Three ex-
perts holding a Ph.D. in Science Education were 
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asked to validate the scale. After being piloted 
with 367 pre-service teachers, all TPACK do-
mains had an alpha coefficient between 0.63 and 
0.93. This shows that the PT-TPACK survey has 
high reliability to evaluate the confidence level of  
pre-service teachers towards TPACK. Thus, the 

researchers decided to utilize this instrument to 
collect data in the main study. The coefficients of  
Cronbach’s alpha obtained in both the original 
study and the current study are presented in Tab-
le 2. As a note, each respondent completed the 
survey in about 15-20 minutes. 

Table 2. Reliability of  TPACK Scale

Domains Items The α Value in the Original Study
(n = 120)

The α Value in the Present Study
(n = 367)

TK 4 0.75 0.63

CK 3 0.77 0.80

PK 4 0.77 0.91

PCK 3 0.65 0.81

TPK 5 0.84 0.90

TPCK 8 0.90 0.93

Written permission was obtained prior to 
collecting data. An Indonesian version of  the PT-
TPACK survey was performed as the main data 
collection tool. At the beginning of  the survey, 
respondents were informed about the purpose 
of  the investigation, the content of  the survey, 
and the instructions for completing them. Keep 
in mind that their identities were kept anonymo-
us. Due to on a voluntary basis, their participati-
on would not affect their final exam scores. All 
pre-service teachers were allowed to complete 
the PT-TPACK survey at a place of  their own 
choosing at a time convenient for them through 
a self-administered survey (Robson & McCar-
tan, 2015). Finally, respondents were required to 
provide some of  their demographic information 
in terms of  gender, age, and grade level without 
mentioning their names. After the online survey 
was administered to all participants, data were 
downloaded, coded in MS Excel 2019, and then 
transferred to IBM SPSS software for statistical 
analysis. A high score in the survey indicated a 
high perception of  TPACK.

The data obtained in the current study 
were analyzed using descriptive statistics such as 
mean scores, standard deviations, frequencies, 
and percentages. First, normality and homoge-
neity of  the data were checked using the Kolmo-
gorov-Smirnov and Levene tests. After meeting 
the assumptions of  normality and homogeneity 
(Pallant, 2020), parametric statistics were emp-
loyed. Then, an independent sample t-test was 
adopted to explain the difference in TPACK sco-

res between male and female pre-service teachers 
regarding TK, CK, PK, PCK, TPK, and TPCK. 
The pre-service teachers’ ages and their grade le-
vels were separately categorized into three (i.e., 
20-22, 23-25, and over 25) and four levels (i.e., 2nd 
year, 3rd year, 4th year BEd, and MEd), respecti-
vely. Furthermore, one-way analysis of  variance 
(ANOVA) and Tukey’s HSD Post Hoc test were 
calculated to examine any differences among the-
se groups. Finally, to explain whether there was 
a statistically significant positive correlation bet-
ween all TPACK perception domains, Pearson’s 
correlation was employed. The strength of  the re-
lationship was adapted from Cohen’s (1988) cri-
teria; 0.10 to 0.29 for a weak relationship, 0.30 to 
0.49 for a moderate relationship, and higher than 
0.50 for a strong relationship between variables. 
The researchers used IBM SPSS 25 software for 
the statistical analyses. In order to analyze the 
data, the significance level was set at 0.05.

RESULTS AND DISCUSSION

In this section, according to the rese-
arch objectives, the results of  the analysis of  all 
TPACK components regarding descriptive statis-
tics, t-test, one-way ANOVA, and Pearson’s corre-
lation are presented as follows. 

Descriptive statistics (i.e., minimum and 
maximum scores, mean scores, and standard 
deviations) for pre-service teachers’ perceptions 
about their technological pedagogical and con-
tent knowledge are shown in Table 3.
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Table 3. Descriptive Analysis of  the TPACK Survey

Domains Min Max Mean SD

Technology Knowledge (TK) 1.250 5.000 4.159 0.535

Content Knowledge (CK) 2.670 5.000 4.266 0.514

Pedagogy Knowledge (PK) 1.000 5.000 4.473 0.518

Pedagogical Content Knowledge (PCK) 2.330 5.000 4.299 0.508

Technological Pedagogical Knowledge (TPK) 1.000 5.000 4.277 0.529

Technological Pedagogical Content Knowledge (TPCK) 1.380 5.000 4.203 0.526

All TPACK Domains 2.110 5.000 4.282 0.437

According to the results expressed in Table 
3, most pre-service teachers performed high levels 
of  PK (M = 4.473; SD = 0.518) and PCK (M = 
4.299; SD = 0.508). Furthermore, respondents ra-
ted the highest on TPK (M = 4.277; SD = 0.529) 
followed by CK (M = 4.266; SD = 0.514), TPCK 
(M = 4.203; SD = 0.526), and TK (M = 4.159; SD 
= 0.535). Overall, it can be inferred that pre-ser-
vice teachers’ perceptions of  the six dimensions 
on the TPACK scale appear to be greater than the 

average score of  the Likert scale, which is 4.282 
out of  5.0. In sum, pre-service teachers general-
ly perceived their TPACK at a fairly high level. 
Higher mean scores refer to higher perceptions 
about TPACK for pre-service teachers.

In line with the first research question, an 
independent sample t-test was used to identify 
whether all TPACK domains (i.e., TK, CK, PK, 
PCK, TPK, TPCK) differed by gender. Table 4 
presents the results of  the analysis.

Table 4. TPACK Perceptions of  Pre-service STEM Teachers With Respect to Gender

Domains Gender N Mean SD t df p

TK Male 136 4.101 0.554 -1.491 479 0.137

Female 345 4.182 0.527

CK Male 136 4.209 0.579 -1.545 479 0.123

Female 345 4.289 0.484

PK Male 136 4.364 0.505 -2.932 479 0.004

Female 345 4.517 0.518

PCK Male 136 4.255 0.539 -1.202 479 0.230

Female 345 4.317 0.496

TPK Male 136 4.244 0.571 -0.865 479 0.388

Female 345 4.290 0.512

TPCK Male 136 4.179 0.578 -0.638 479 0.524

Female 345 4.213 0.505

All Domains Male 136 4.226 0.472 -1.774 479 0.077

Female 345 4.305 0.421

As visualized in Table 4, female pre-servi-
ce teachers scored slightly higher than males in 
all domains of  the TPACK framework; TK, PK, 
CK, PCK, TPK, and TPCK, although not statis-
tically significant. Based on the results of  the test, 
there was only a gap between male and female 
pre-service teachers concerning the PK scores (t 
= -2.932; p = 0.004). Overall, the self-efficacy of  
male pre-service teachers was slightly lower than 
females with respect to all TPACK dimensions. 
In this regard, none of  the other domains (i.e., 

TK, CK, PCK, TPK, TPCK) revealed significant 
differences in terms of  gender. Furthermore, the 
largest and smallest differences in mean scores by 
gender were found in PK (i.e., 0.153) and TPCK 
(i.e., 0.034), respectively.

In response to the second research ques-
tion, one-way ANOVA was executed to explain 
whether perceived TPACK components differ 
regarding their ages. The results are exhibited in 
Table 5.
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Table 5. Pre-service STEM Teachers’ TPACK Difference by Age

Domains Age N Mean SD F p

TK (1) Between 20 - 22 Years 204 4.147 0.572 0.247 0.781

(2) Between 23 - 25 Years 230 4.176 0.515

(3) Exceeded 25 years 47 4.128 0.477

CK (1) Between 20 - 22 Years 204 4.267 0.520 3.000 0.051

(2) Between 23 - 25 Years 230 4.232 0.495

(3) Exceeded 25 years 47 4.433 0.552

PK (1) Between 20 - 22 Years 204 4.463 0.571 0.617 0.540

(2) Between 23 - 25 Years 230 4.466 0.486

(3) Exceeded 25 years 47 4.553 0.423

PCK (1) Between 20 - 22 Years 204 4.263 0.508 2.919 0.055

(2) Between 23 - 25 Years 230 4.299 0.506

(3) Exceeded 25 years 47 4.461 0.500

TPK (1) Between 20 - 22 Years 204 4.271 0.570 0.969 0.380

(2) Between 23 - 25 Years 230 4.263 0.484

(3) Exceeded 25 years 47 4.379 0.552

TPCK (1) Between 20 - 22 Years 204 4.238 0.532 1.774 0.171

(2) Between 23 - 25 Years 230 4.158 0.516

(3) Exceeded 25 years 47 4.278 0.544

All Domains (1) Between 20 - 22 Years 204 4.276 0.461 1.616 0.200

(2) Between 23 - 25 Years 230 4.266 0.418

(3) Exceeded 25 years 47 4.390 0.413

When Table 5 is examined, there was a gra-
dual increase of  mean scores of  PK and PCK do-
mains from the youngest to the oldest age groups. 
In addition, pre-service teachers who were older 
than 25 years old had more positive perceptions 
of  the CK domain compared to those in 23-25 age 
group (F = 3.000; p = 0.051). It was also observed 
that on the PCK domain, respondents who were 
older than 25 years old (M = 4.461; SD = 0.500) 
had greater scores than those who were in 20-22 
age group (M = 4.263; SD = 0.508). Overall, the 
results of  the study revealed that there was a gap 
between the pre-service teachers who were older 
than 25 years old (M = 4.390; SD = 0.413) and 
in 23-25 age group (M = 4.266; SD = 0.418) and 
those in 20-22 age group (M = 4.276; SD = 0.461) 
in terms of  all TPACK dimensions. Nevertheless, 
it was seen that the ANOVA indicated no signi-
ficant gap between the age groups in relation to 
all of  these domains of  TPACK. Since the results 
were not statistically significant, the Post-hoc test 
was not performed.

Aiming to determine whether all TPACK 
fields differ according to grade level variables, 
one-way ANOVA was employed to address the 
third research question. Table 6 summarizes the 
results of  significant differences. As shown in 
Table 6, the ANOVA tests showed significant va-
riations between grade levels for CK (F = 4.036, 
p = 0.007), PK (F = 2.937; p = 0.033), PCK (F = 
3.587; p = 0.014), TPK (F = 3.632; p = 0.013), 
and TPCK (F = 4.702; p = 0.003); all were less 
than the 0.05 significance level. This indicates 
that the perceptions of  MEd level students were 
greater compared to the perceptions of  BEd level 
students for all TPACK dimensions. However, 
the subscale of  TK did not differ significantly bet-
ween grade levels (F = 1.094; p = 0.351). As for 
overall TPACK, pre-service teachers who were at 
the MEd level (M = 4.430; SD = 0.378) believed 
that they were more confident than those at the 
BEd level. Since several domains show significant 
differences, Tukey’s HDS Post-hoc test was done. 
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Table 6. Comparison of  TPACK Perceptions According to Grade Levels

Domains Grade N Mean SD F p Post Hoc

TK (1) 2nd Year BEd 105 4.133 0.507 1.094 0.351

(2) 3rd Year BEd 283 4.188 0.548

(3) 4th Year BEd 33 4.023 0.657

(4) MEd 60 4.142 0.442

CK (1) 2nd Year BEd 105 4.295 0.494 4.036 0.007 4>2
4>3(2) 3rd Year BEd 283 4.230 0.505

(3) 4th Year BEd 33 4.142 0.640

(4) MEd 60 4.456 0.472

PK (1) 2nd Year BEd 105 4.493 0.476 2.937 0.033 4>3

(2) 3rd Year BEd 283 4.461 0.516

(3) 4th Year BEd 33 4.280 0.752

(4) MEd 60 4.604 0.412

PCK (1) 2nd Year BEd 105 4.273 0.487 3.587 0.014 4>1
4>2
4>3

(2) 3rd Year BEd 283 4.278 0.500

(3) 4th Year BEd 33 4.212 0.656

(4) MEd 60 4.495 0.462

TPK (1) 2nd Year BEd 105 4.331 0.505 3.632 0.013 4>3

(2) 3rd Year BEd 283 4.245 0.497

(3) 4th Year BEd 33 4.103 0.803

(4) MEd 60 4.430 0.495

TPCK (1) 2nd Year BEd 105 4.267 0.492 4.702 0.003 3>1
4>3(2) 3rd Year BEd 283 4.172 0.504

(3) 4th Year BEd 33 3.983 0.739

(4) MEd 60 4.362 0.502

All Domains (1) 2nd Year BEd 105 4.296 0.416 4.704 0.003 4>2
4>3(2) 3rd Year BEd 283 4.248 0.431

(3) 4th Year BEd 33 4.098 0.639

(4) MEd 60 4.430 0.378

According to the results, there was a sig-
nificant gap between pre-service STEM teachers 
who were at the MEd level and those at the third-
year BEd level (p = 0.010) and the fourth-year BEd 
level (p = 0.024) with respect to the CK domain. 
The results of  the Post-hoc test also revealed a 
significant gap between pre-service teachers who 
were at the MEd level and those at the fourth-year 
BEd level (p = 0.020) with regard to the PK do-
main. Furthermore, in terms of  PCK scores, the 
test revealed a significant gap between pre-service 
teachers who were at the MEd level and those 
at the second-year BEd level (p = 0.035) and the 
third-year BEd level (p = 0.014) and the fourth-
year BEd level (p = 0.049). Moreover, there was a 
significant gap in TPK scores between pre-service 

teachers who were at the MEd level and those at 
the fourth-year BEd level (p = 0.022). Finally, the 
study showed a significant gap in TPACK sco-
res between pre-service teachers who were at the 
MEd level and those at the fourth-year BEd level 
(p = 0.005) and between pre-service teachers who 
were at the fourth-year BEd level (p = 0.014) and 
second-year BEd level (p = 0.033).

To examine the relationship between va-
riables, in accordance with the last research ques-
tion, Pearson’s linear correlation r coefficient was 
computed. The researchers also tested whether 
the grade level was related to TPACK. The re-
sults of  the correlational analysis are displayed in 
Table 7.
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Table 7. Correlations between Variables based on Pearson’s Correlation Coefficient

1 2 3 4 5 6 7 8

TK 1

CK 0.509** 1

PK 0.550** 0.611** 1

PCK 0.536** 0.688** 0.670** 1

TPK 0.589** 0.651** 0.686** 0.735** 1

TPCK 0.531** 0.644** 0.629** 0.714** 0.819** 1

All Domains 0.740** 0.820** 0.824** 0.860** 0.890** 0.860** 1

Grade Level -0.017 0.072 0.033 0.108* 0.031 0.023 0.058 1
Note: **p < 0.01; *p < 0.05

Based on Table 7, the correlations between 
the six TPACK factors were all highly positive. 
The results also suggested that there was a sig-
nificant correlation between all TPACK percep-
tion domains (p < 0.050). It should be noted that 
the highest correlation appeared between TPK 
and general TPACK (r = 0.890; p = 0.000) and 
the lowest was between TK and CK (r = 0.509; 
p = 0.000). Additionally, the second-highest re-
lationship was found both between PCK and all 
TPACK components (r = 0.860; p = 0.000) and 
also between TPCK and all TPACK domains (r 
= 0.860; p = 0.000) as these were higher than 0.50 
recommended by Cohen (1988). According to the 
results, in general, the correlation coefficient bet-
ween the remaining TPACK dimensions ranged 
from 0.531 to 0.824. Moreover, grade level was 
found to have a small and insignificant negative 
correlation with TK. Weak but not significant po-
sitive correlations were also found between grade 
level and CK, PK, TPK, TPCK, and all TPACK 
fields. Only the correlation between grade level 
and PCK was statistically significant. Conside-
ring these values, it may be inferred that pre-ser-
vice teachers’ perceptions of  TPACK tend to be 
influenced by TPACK factors rather than grade 
level.

In the present study, pre-service STEM te-
achers’ perceptions of  technological pedagogical 
and content knowledge (TPACK) with regard to 
their gender, age, and grade level were investiga-
ted. According to the results, pre-service teachers 
rated themselves above four on a five-point scale, 
which indicates that the mean score is relative-
ly high compared to the midpoint. It can be seen 
that pre-service teachers exhibit the highest self-
confidence level in pedagogical knowledge. On 
the other hand, all participants had the lowest 
score in technological knowledge. In short, they 
were more knowledgeable in the area of  peda-
gogy and content than in technology. This re-
sult is fully compliant with previous works (e.g., 

Schmidt et al., 2009; Koh et al., 2010; Roig-Vila 
et al., 2015). For instance, Bingimlas (2018) re-
ported that the majority of  participants rated 
themselves positively on average in terms of  their 
level of  confidence in TPACK and the highest 
and lowest levels of  confidence are pedagogical 
knowledge and technological knowledge, respec-
tively. In addition, Schmidt et al. (2009) analyzed 
the results from a pilot study on 124 pre-service 
teachers and reported that the TPACK scores of  
in-service teachers were greater than the neut-
ral point. Supportively, they also found that TK 
scores were slightly lower than the other TPACK 
components. According to the results, there is an 
urgent need in teacher training programs to not 
only learn about pedagogy (PK) but also how to 
use technology (TK) to support content (CK) and 
how to integrate all three knowledge effectively in 
the curriculum.

As with prior literature of  pre-service te-
achers (Lin et al., 2013; Cengiz, 2015; Luik et 
al., 2017; Bingimlas, 2018), in general, all partici-
pants were overwhelmingly positive in their per-
ceptions of  TPACK in this study. In a previous 
study, Luik et al. (2017) reported that in-service 
teachers’ perceptions of  TPACK tend to be slight-
ly more positive. The fairly high mean scores in 
TPACK in this study may be related to pre-service 
STEM teachers’ familiarity with the pedagogical 
approaches adopted in the classroom, the techno-
logy utilized in their daily lives, and the TPACK-
based activities used in their teacher preparation 
programs. In addition, the curriculum of  teacher 
education programs is quite comprehensive to 
improve pre-service teachers’ all TPACK percep-
tions. Another possible reason why pre-service te-
achers have relatively high confidence in TPACK 
may be that access to technology in their college 
is adequate. Therefore, as technology continues 
to evolve rapidly, it is important for pre-service 
STEM teachers to keep up with new technolo-
gies and attend technology-related courses. It is 
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intended that they receive explicit instruction on 
subject-related technology to make it easier for 
their students to learn the subject they teach in 
the future.

The influence of  pre-service teachers’ gen-
der on their TPACK self-confidence was explo-
red. Overall, the results implied that there was 
no significant gap between pre-service teachers’ 
TPACK and gender. This result echoes the pre-
vious literature (e.g., Koh & Sing, 2011; Altun & 
Akyıldız, 2017; Yildiz, 2017). For example, Koh 
and Sing (2011) analyzed the effect of  age and 
gender on TPACK perceptions of  Singaporean 
pre-service teachers and found that no significant 
gender differences were found across all TPACK 
dimensions. This is also in complete agreement 
with the work of  Altun and Akyıldız (2017) who 
explored pre-service teachers’ TPACK levels in 
terms of  different variables and reported that 
there was no significant gap between gender and 
TPACK factors. This small difference in the cur-
rent study may be because male and female pre-
service teachers tend to feel comfortable in using 
technology (Le & Song, 2018). Another possible 
explanation may be that teacher training institu-
tions provided pre-service STEM teachers with 
well-designed classes to prepare them for the fu-
ture teaching profession (Saltan & Arslan, 2017).

As for all TPACK domains, it should be 
noted that female pre-service teachers feel more 
confident than males in the present study. Nevert-
heless, both male and female pre-service teach-
ers’ perceptions related to TPACK components 
are almost equivalent. Aligning with this result, 
Irmak and Tüzün (2018) highlighted that female 
pre-service science teachers were higher in PK, 
TCK, PCK, and TPACK than males. This re-
sult may be because females are more interested 
in using technology activities and possess more 
positive attitudes towards technology than males 
(Dhindsa & Shahrizal-Emran, 2011; Johnson, 
2011). Moreover, the reason for the difference is 
mostly related to the difference between the way 
of  thinking and the habit of  studying (Wang et 
al., 2020). In a previous study, Wang et al. (2020) 
revealed that the majority of  female students are 
at the top of  the class, implying that they have 
better content knowledge than males. Based on 
the existing literature, the researchers predicted 
that the levels of  interest and content knowledge 
of  pre-service STEM teachers may cause diffe-
rences in the TPACK scores. This may explain 
why female pre-service teachers’ perceptions of  
the TPACK-related dimensions tend to be slight-
ly higher than that of  males in this study. Thus, in 
order to help male pre-service teachers improve 

their TPACK, teacher training programs should 
integrate new technologies into their instruction 
while building the link between knowledge of  
technology, content, and pedagogy in an integra-
ted manner.

The effect of  age groups (i.e., 20-22, 23-25, 
and over 25) on pre-service teachers’ perceived 
TPACK domains was also examined. Unfortuna-
tely, the results did not reflect a significant gap. 
This result is similar to the findings of  previous 
evidence. For instance, Koh & Sing (2011) and 
Çetin-Berber & Erdem (2015) mentioned that age 
may not be a factor that significantly affects pre-
service teachers’ perceptions of  TPACK. Simi-
larly, Koh et al. (2010) investigated the TPACK 
perceptions of  Singaporean pre-service teachers 
and their relationship with their demographic 
factors. They found that the TPACK perceptions 
of  pre-service teachers were not significantly dif-
ferent with regard to their age. However, the cur-
rent study revealed that perceptions of  pre-service 
teachers who are older than 25 years old were 
higher compared to those in 23-25 age group and 
in 20-22 age group. Similarly, Castéra et al. (2020) 
found a gradual increase in mean scores of  sub-
components PK, CK, and PCK from the youn-
gest to the oldest age groups. It means that older 
participants feel more competent in TPACK than 
younger participants. This may be due to the fact 
that participants who are older than 25 years old 
have attended some technology, content, and pe-
dagogy-related courses more than those in 23-25 
age group and in 20-22 age group. This could be 
the reason for the minor difference between older 
and younger pre-service teachers’ TPACK in the 
current study.

The results of  ANOVA also indicated that 
grade levels (i.e., 2nd year, 3rd year, 4th year BEd, 
and MEd) had a significant impact on pre-service 
teachers’ TPACK scores. Statistically significant 
differences between grade levels have been found 
in favor of  MEd level students. Not surprisingly, 
MEd level participants have higher perceptions 
related to CK, PK, PCK, TPK, TPCK, and all 
TPACK components. This finding is understan-
dable and in line with previous evidence (e.g., 
Luik et al., 2017; Yildiz, 2017). In a quantitative 
study, Yildiz (2017) examined techno-pedagogi-
cal competencies of  Turkish pre-service teach-
ers with respect to some variables. He reported 
that there was a statistically significant gap in the 
techno-pedagogic competencies of  pre-service 
mathematics teachers in relation to their gra-
de level. Supportively, Çetin-Berber and Erdem 
(2015) also found that the self-confidence of  
fourth-year pre-service teachers was significantly 
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greater than second-year pre-service teachers in 
terms of  PCK, and third-year pre-service teach-
ers had significantly higher self-confidence than 
second-year pre-service teachers with regard to 
TCK. Additionally, Luik et al. (2017) explored 
the TPACK perceptions of  Estonian pre-service 
teachers in terms of  demographics and reported 
that all postgraduate students have rated all their 
TPACK perceptions significantly higher than un-
dergraduate students for all factors. The reason 
for this finding might stem from the fact that pre-
service STEM teachers who are at the MEd level 
have more practical opportunities to learn various 
instructional strategies and tend to employ more 
technological tools than those at the BEd level. 
In addition, at the MEd level, pre-service teach-
ers study content, pedagogy, and technology for 
two years. In line with this result, Chuang and Ho 
(2011) concluded that teachers with more years 
of  experience rated themselves higher on some 
sub-components of  TPACK. This evidence sup-
ported why higher grade participants had more 
positive perceptions of  TPACK than lower grade 
participants. Therefore, there is a crucial need to 
ensure that undergraduate education curricula of-
fer more TPACK-related compulsory and elective 
courses.

Finally, the relationships among the com-
ponents of  the TPACK were investigated. Based 
on the results of  Pearson’s correlation analysis, all 
the TPACK dimensions were positively correla-
ted with each other and all interrelationships are 
statistically significant. In addition, grade-level 
variables were generally associated with higher 
TPACK scores. In brief, an increase in technolo-
gical, pedagogical, and content knowledge and its 
intersection with other knowledge components is 
linked to an increase in TPACK knowledge. The-
se results are in accordance with previous literatu-
re (e.g., Koh & Sing, 2011; Alpaslan et al., 2021)
which reported a positive and significant relation-
ship between the TPACK components. In addi-
tion, in Roig-Vila et al.’s (2015) study, they have 
found statistically significant correlations among 
all dimensions of  TPACK. One explanation for 
this finding could be that the more experiences of  
MEd level students related to the use of  techno-
logy tools, application of  pedagogy approaches, 
and mastery of  content have a positive effect on 
their self-confidence towards TPACK. In essence, 
a higher grade level affects students’ confidence 
in TPACK. It was clear that pre-service teachers 
who are more knowledgeable about technology 
may be more likely to use technology tools for 
subject-related purposes, thereby increasing their 
knowledge of  pedagogy and content as well as 

their interaction with technology efficiently. Not 
surprisingly, pre-service STEM teachers in higher 
grades tended to have greater mean TPACK sco-
res than those in lower grades in this survey. The 
results indicated that pre-service STEM teachers 
need to be provided with quality teacher educati-
on programs aimed at improving their perceived 
TPACK, such as how to use ICT appropriately, 
choose effective pedagogical strategies, and mas-
ter content knowledge related to their subjects.

CONCLUSION

In sum, the current study provided infor-
mation on the TPACK levels of  Indonesian pre-
service teachers. The researchers highlighted that 
pre-service STEM teachers seem to have a fairly 
high perception of  all six TPACK fields. Further-
more, all participants had more pedagogical and 
content knowledge than technological knowled-
ge. However, there were no statistically significant 
gaps in TPACK with respect to gender and age 
group. The difference was only found in terms 
of  grade level. This reflects that the higher the 
grade level, the higher the TPACK perceptions. 
Moreover, a positive and significant correlation 
was reported between the six TPACK factors. 
Surprisingly, male pre-service teachers perceived 
their TPACK lower than females, which means 
that females consider themselves more confi-
dent and knowledgeable than males in this field. 
This implies that male pre-service teachers need 
more support for TPACK domains. To promote 
technological knowledge among students, especi-
ally male students, the number of  technology-re-
lated elective courses should be increased. The re-
searchers assume that when pre-service teachers 
take technology-related courses and they get high 
grades in these courses, their technological know-
ledge is likely to be higher. Prior literature confir-
med that the effective application of  technology 
in teacher education programs plays a fundamen-
tal role in preparing students for their technology-
enriched classrooms in the future. Unfortunately, 
in Indonesia, courses related to technology, con-
tent, and pedagogy are generally offered separate-
ly. As a suggestion, instead of  providing separate 
technology, content, and pedagogy courses, there 
is a need to design courses in teacher preparation 
programs to enhance pre-service teacher TPACK 
in an integrated manner. Thus, lecture-based 
teaching should be reduced and more TPACK-
related activities should be well-prepared in In-
donesian teacher education institutions. More 
importantly, students should have more oppor-
tunities to apply this knowledge. This suggests 
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that more efforts need to be taken to enhance the 
interaction between pedagogy, technology, and 
content knowledge. Briefly, teacher education 
programs in Indonesia should integrate techno-
logy and pedagogy into classrooms to enhance 
content knowledge and support the intersection 
of  other knowledge domains.
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