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Technological pedagogical content knowledge (TPACK) has evolved as a valuable model for
understanding teacher performances in technology use in education to support pedagogy
with proper content knowledge for the success of teaching and learning. Many self-report
questionnaires have been developed for TPACK. However, limited studies assessed the
extension of the questionnaires for a specific context. This study aims to develop and validate
a questionnaire scale to assess elementary school teachers’ TPACK and the Use of the
Internet (Uotl). We used the scale to report TPACK's internal relationships and TPACK with
Uotl. The study measured whether the model reflects transformative perspectives concerning
how the domains (TPACK and Uotl) interact. The initial scale consisted of 43 items, validated
and assessed for reliability through some procedures; face and content validity, pilot study,
and measurement model in the partial least-square structural equation modeling (PLS-SEM).
The scale was distributed to 1100 elementary school teachers. Findings inform that 40 scale
items are valid and reliable for assessing teachers’ TPACK and Uotl. The significant rela-
tionships of all factors support a transformative view of the scale.
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Introduction
echnological pedagogical and content knowledge (TPACK)
is a term used to define what teachers need to understand
knowledge for effective teaching in education. The term
“Technological Pedagogical Content Knowledge” (TPCK) was
first used for the framework (Mishra and Koehler, 2006). The
TPCK acronym was renamed TPACK (pronounced “tee-pack”)
to make it more simple and easier to memorize. TPACK exposes
the relationships and complexities among three essential factors
of knowledge (technology, pedagogy, and content). These factors
integrate educational methods and technologies with a basic
comprehension of the content. By teaching content using good
pedagogical and technological knowledge, teachers intuitively
understand the interplay between three factors (CK, PK, and TK).
Teachers, including those who work in elementary schools,
must be media and information literate to be critical to assess
media, texts, and information meaningful to their students. This
knowledge ensures teachers integrate technology, including the
Use of the Internet (Uotl) in teaching. Internet skills are required
during teaching activities, such as using search engines to look for
information, presentation programs, office programs, and other
sources (Aslan and Zhu, 2017). Therefore, it is important to
understand to what extent and how teachers use the Internet
during teaching. This research combined TPACK and UbotI for a
scale development perceived by Indonesian elementary school
teachers. This study aims to validate a self-report scale that
extended TPACK questionnaires with Uotl in the context of
elementary school teachers. The internal relationships (TPACK-
Uotl) are also reported, measuring whether the model reflects
transformative perspectives concerning how the domains
(TPACK and Uotl) interact (Fig. 1).

Instruments to assess TPACK. Some TPACK instruments have
been validated and developed. Schmidt et al. (2009b) developed
the first and most cited instrument. They verified the validity of
the scale through Cronbach’s alpha and construct validity from
124 pre-service teachers. Seven TPACK factors were computed;
TK (Technological Knowledge), PK (Pedagogical Knowledge), CK
(Content Knowledge), PCK Pedagogical and Content Knowledge),
TCK (Technological and Content Knowledge), TPK (Technolo-
gical and Pedagogical Knowledge), and TPACK. The valid and
reliable scale for the research resulted in 45 TPACK items, with 18
items being removed or revised. Many researchers used the scale
in their studies. However, many failed to identify and support the
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seven components (e.g., Cetin-Dindar et al, 2018; Chai et al,
2012; Koh et al., 2010; Luik et al,, 2018; Sang et al., 2011).

Through exploratory factor analysis (EFA), Koh et al. (2010)
explored the TPACK instrumentation in Singapore, involving
1185 pre-service teachers as the respondents. Adapting Schmidt
et al. (2009b) survey instruments, the seven TPACK components
were not confirmed. Five constructs were reported through the
process of validation; TK, CK, Knowledge of Pedagogy (KP),
Knowledge of Teaching with Technology (KTT), and Knowledge
from Critical Reflection (KCR). Chai et al. (2012) also failed to
confirm the seven TPACK constructs. Validating their TPACK
scale from 214 pre-service teachers, eight constructs were
elaborated: TK, CK subject teaching 1 (CKCS1), CK subject
teaching 2 (CKCS2), PK, TPK, TCK, PCK, and TPACK. Further,
Shinas et al. (2013) did a study in the USA; they applied factor
analysis as the main statistical approach for validity. Three
hundred sixty-five pre-service teachers in an educational
technology course (6 months) were the respondents of the study.
Through confirmatory factor analysis (CFA), eight constructs
were informed; TK, PK, Mathematical Content Knowledge
(CKM), Science Content Knowledge (CLS), Literacy Content
Knowledge (CKL), Social Science Content Knowledge (CKSS),
TPK, and TPACK (Shinas et al., 2013).

Valtonen et al. (2015) focused on the importance of 21st-
century teaching skills, which require teachers to use a variety of
approaches and technology-based supporting activities. They
described a TPACK development and validation process for 21st-
century education. In the first phase of their research, 94 pre-
service teachers received a self-assessment instrument, while 267
pre-service teachers received it in the second phase. The results
were obtained through EFA with oblique rotation. Thirty-six
valid and reliable items were presented. Some constructs (PK, CK
old, CK 21Ist, TK, PCK21st, TCK21st, TPK21st, and TPACK)
were reported in the Ist phase. Meanwhile, PK21st, CK old,
CK21st, TK, PCK21st, TPK21st, and TCK21st emerged in the
2nd phase (Valtonen et al., 2015).

Sang et al. (2011) validated a TPCK questionnaire for Chinese
pre-service teachers called the “CTPCK” scale. The study sample
was randomly divided into two sub-samples, n; =229 and
ny =207. An EFA procedure with varimax rotation dropped six
out of 48 initiated items. The study disclosed eight TPACK
constructs, namely PCK, PK, TPACK, CK, TK, TPK, TCK, and
TKW (Sang et al,, 2011). Baser et al. (2016) validated a self-
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Fig. 1 TPACK-Uotl and their definitions. TPACK variables (TK, CK, PK, TPK, TCK, PCK, and TPACK) were combined with the Use of the Internet (Uotl).
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assessed TPACK survey among pre-service English teachers,
TPACK-EFL. Data from 174 and 204 pre-service teachers were
elaborated through qualitative content validity with experts and
users of the measures. Two rounds of EFA were conducted. The
first findings identified five TPACK constructs. Following the
adjustment, the second EFA found that the scale was comparable
to the survey components of Schmidt et al. (2009b); they reported
seven TPACK constructs (TK, PK, CK, TCK, PCK, TPK, and
TPACK) (Baser et al.,, 2016).

Luik et al. (2018) published a report regarding the TPACK
survey that data were taken from 413 pre-service teachers in
Estonia, University of Tartu. As a technologically-advanced
country with extensive technological integration into Estonian
educational institutions, the research informed three constructs of
TPACK: technological, pedagogical, and content. The study was
supported by factor analysis to confirm the three constructs (Luik
et al,, 2018). Cetin-Dindar et al. (2018) used a mixed-method
approach to investigate pre-service teachers’ TPACK develop-
ment in Chemistry courses. Data were collected from 17 pre-
service teachers who spent one semester in a material develop-
ment course in educational technology. In contrast to earlier
investigations, this study used Cronbach’s alpha or reliability tests
and qualitative coding analysis to investigate the process. The
findings led to the extraction of seven valid and reliable
constructs, TK, PK, CK, PCK, TCK, TPK, and TPACK (Cetin-
Dindar et al.,, 2018).

Schmid et al. (2020) used CFA with 117 pre-service
upper secondary school teachers (63 females, 52 men, and 2
with no gender information) from two groups of respondents;
falls 2018 (no. 49) and spring 2019 (no. 68). The questionnaire
was adapted based on Schmidt et al. (2009b) TPACK constructs.
The findings successfully verified 28 of 41 items with seven
TPACK constructs similar to Schmidt et al. (2009b). In brief, no
TPACK scale is appropriate for all situations, study objects,
subjects, and settings. More studies into TPACK in various
contexts and settings are still required and recommended.

Uotl. Modern society has experienced incremental growth in
avaijlable knowledge and new technologies (Goldie, 2016). The
use of the Internet (Uotl) has been significant for educational
purposes in modern society (Goldie, 2016). Many significant
forms of Internet-based education have emerged (Habibi et al.,
2021; Celik et al., 2012; Wang et al., 2019). The YouTube EDU
program, for example, provides access to millions of educational
content (Celik et al., 2012; Habibi et al., 2021). Likewise, Apple’s
educational media collection, iTunes, allows learners to bypass
conventional learning and classes instead of on-demand, free
mobile learning (Chen and You, 2010; Khan et al., 2015; Habibi
et al, 2021). Students currently can obtain a vast amount of
digital data, interact with everyone else via mobile technology,
and play more games compared to prior generations (Mahat
et al.,, 2022). Internet-based learning has been reported to be a
more effective technique (Sadikin et al.,, 2021).

In the context of elementary education, the basic information
sources are teachers and learning materials (Laine and Tirri,
2016). However, the Internet is a vital addition and tool for
extending experiences (Wang et al, 2019). There is a rising
demand for teachers to incorporate innovative solutions into their
classrooms to allow students to utilize technology, especially the
Internet. Teachers should participate actively in the classroom to
use Internet-based devices to improve the teaching and learning
experience (Wang and Suwanthep, 2017). Teachers may be driven
or restricted by new technological advancements. Their views
may force them to have a negative or favorable attitude toward
technology use in teaching and learning activities (Osakwe et al.,

2017; Shatto and Erwin, 2017). As a result, it is critical to
understand the teachers’ perspectives of Uotl to address students’
learning needs. Teachers’ Internet use perception during teaching
is a significant component in educational progress, highlighted in
this scale development.

Methodology

This study validated an instrument to measure TPACK, extended
with the Uotl. We also used the instrument to report the internal
relationships, measuring whether the model reflects transforma-
tive perspectives concerning how the domains (TPACK and UotI)
interact. We modified prior instruments to collect data from
Indonesian elementary school teachers. The instrument consists
of TPACK’s seven knowledge domains (TK, CK, PK, PCK, TCK,
TPK, and TPACK) and Uotl. We reviewed and adapted scholarly
articles that addressed a variety of existing techniques for evalu-
ating TPACK (Habibi et al., 2020a; Schmidt et al., 2009b) and
Uotl (Aslan and Zhu, 2017; Habibi et al., 2020a). All the items
were translated and edited for face and content validity. Informed
consent was obtained from all respondents. The need for ethics
approval was waived by the IRB of the authors’ university. The
study is under relevant guidelines and regulations.

Face and content validity. Face validity was done through a
group discussion with four elementary school teachers and one
school principal, assessing the simplicity and clarity of the
instrument. From the discussions, some survey items were
revised. After ensuring simplicity and clarity through face valid-
ity, the instrument was discussed with five experts to ensure
relevance, a content validity. Two items were dropped since they
were out of the context of Indonesian elementary education.
Next, the instrument was emailed to 10 experts in educational
technology for a content validity index (CVI) (Halek et al., 2017).
Each item was rated for relevance, clarity, and simplicity on a
4-point scale (Habibi et al., 2020a; Lynn, 1986). The instrument’s
CVI item level (I-CVI) and scale level (S-CVI) were measured.
The I-CVI was calculated by dividing the total number of experts
by a score of 3 or 4 (Lynn, 1986). With 10 experts involved, the
I-CVI score should be <0.78. Besides, S-CVI is defined as the
average percentage of items on one scale scored 3 or 4 on a scale
of 1-4 (Halek et al., 2017); the score should not be <0.80. This
study’s I-CVI scores were above 0.78, while the S-CVI were above
0.80. From the steps, the initial validity of the instrument was
established.

Findings

Pilot study. The survey instrument was distributed to the ele-
mentary school teachers (no. 69) for a pilot study; 47 respondents
were females; 22 were males. Eleven respondents were aged <25
years old, 28 were between 25 and 35 years old, and the others (no.
36) were above 35 years old. The pilot study results were analyzed
through reliability tests with Cronbach alpha and values should be
>0.700. All alpha values exceed 0.700, ranging from 0.848 to 0.921
(TK=0.916; PK=0.920; CK = 0.848; PCK = 0.899; TCK = 0.827;
TPK = 0.877; TPACK = 0.921; Uotl = 0.873).

Descriptive statistics. From the main data, the instrument
(items = 40) was distributed to 1100 teachers; 1001 responses
were measurable. From the computation, almost 10% of the data
was dropped due to incomplete and missing data; Table 1 exhibits
the complete information of the main data. The mean, standard
deviation, skewness, and kurtosis values were calculated.
Descriptive results for the single items showed a good variation
within the response patterns. The results of descriptive statistics
for all variables were performed in Table 2; the highest Mean is
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Table 1 Participants (n =1001). Table 2 Descriptive statistics.

Demography Category N Mean SD Kurtosis Skewness

Age <25 75 TK 3.7367 0.69265 —0.367 0.453

25-35 343 TK1 4.035 0.794 0.187 —0.565
>35 583 TK2 3.903 0.828 0.156 —-0.517

Gender Female 179 TK3 3.552 0.873 0.164 —0.305

Male 822 TK4 3.459 0.859 0.31 —0.302
Experience <5 241 TK5 3.809 0.843 0.304 —-0.491
>5 760 TK6 3.514 0.871 0.303 —0.339
TK7 3.884 0.844 0.356 —0.568
CK (M=4.2408; SD=056733), while the lowest is PCK |mX 4.1367 0.53401 ~0:202 0.321
. PK1 4.258 0.643 1.219 —-0.614
(M =3.6310; SD =0.79719). Skewness and kurtosis were com- PK2 4173 0633 0261 0324
puted through the SPSS (values should be from —2 to 2) to ensure | p3 4133 0664 0084 0298
that the data are normally distributed (Garson, 2008). Skewness | pxa 4.034 0.689 0123 —0.301
and kurtosis values are in the normal distribution range. Skew- | pks5 4.082 0.653 0.672 02386
ness values range from —0.367 to 1.219 and kurtosis values are | PK6 4.073 0.666 0.145 -0.307
between —0.614 and 0.547. PK7 4.205 0.639 0.548 —0.417
CK 42408 0.56733 —0.335 0.195
Measurement model. The measurement model for the main data | €I 4.216 0.652 0.039 —0.424
. 1e1e 1. CK2 4.349 0.602 0.295 —0.473
was measured for construct reliability, convergent validity, and
N . 3 y . . CK3 4158 0.644 0.321 —-0.362
discriminant validity. Cronbach’s alpha («) and composite relia-
. . S PCK 3.6310 0.79719 —0.427 0.026
bility (CR) are used to quantify construct dependability (Fornell PCK 3606 0.876 _0.051 _0.403
and Larcker, 1981). CR and « should be more than 0.700 . The PCK2 3612 0.848 0.026 —0.399
CR and « values of all constructs are between 0.83 and 0.94; CK | pck3 3674 0.892 0123 _0516
(¢=0.878; CR=0925), PK (a=0915 CR=0932), TK |7ck 3.8580 0.66513 —0322 0.547
(e =0.918; CR=0.935), PCK (a«=0.878; CR=0.925), TCK TCK1 3.956 0.709 0.362 —0.393
(0 =0.878; CR=0.925), TPK (a=0.878; CR=0.925), PCK | TCK2 3.894 0.739 0.231 —0.365
(@ =0.901; CR=0.938), TPACK (a=0.929; CR = 0.946), dan | TCK3 3724 0.774 ~0.031 -0.217
TIK (¢ = 0.941; CR = 0.950). The results indicate that the relia- | TPK 3.7922 0.64639 —0.232 0.572
bility of the scale is supported (Table 3). In order to ensure the [ TPKI 3.849 0.740 0.352 —0374
convergent validity, Fornell and Larcker (1981) indicate that the xg 2323 8?23 8;’215 _8323
value of average variance extracted (AVE) should be >0.500; AVE : : : e
. TPK4 3.790 0.733 0.422 —0.336
values are in the range of 0.550-0.680 (TK =0.672, CK=10.803, | 5, 38497 0.66979 0335 0.608
PK=0664, TPK=0842, PCK=0897, TCK=0806, |7tpacks 383 0705 g 0260
items measuring constructs range from 0.697 to 0.918, suggesting | TPACK3 3.778 0.732 0.126 —0.194
that this survey has convergent validity. TPACK4 3.641 0.781 0.098 —0.160
Henseler et al.  (2015) suggested that the |[TPACKS 3.837 0.725 0.506 —0.355
Heterotrait-Monotrait (HTMT) ratio of correlation can | Uot/ 3.8102 0.67737 —0.395 0.570
examine the discriminant validity of variance-based estima- Uotl 1 3.953 0.809 0115 —0.493
tors. HTMT has achieved higher specificity and sensitivity | Uotl 2 3.882 0.840 —0.048 —0.464
rates (97-99%) compared to cross-loadings and Fornell and | Yotl 3 3713 0.856 —0115 —0.277
Larcker’s criterion (Habibi et al., 2022; Ab Hamid et al., 2017). BOt: g ‘3”7%2 8;;“4 8122 7821;

Discriminant validity is determined by measuring the HTMT ot ‘ ‘ s s
Uotl 6 3.666 0.894 —0.150 —0.285

values of two constructs; the HTMT value of two factors

. . Uotl 7 3.767 0.836 —0.055 —-0.334
should preferably be <0.85, but it can go up to 0.90 if the | s 3706 0.854 0050 _0286
conceptions are conceptually comparable (Benitez et al.,, 2020; | ot 9 3696 0.819 0.004 _0.295
Henseler et al., 2015; Ogbeibu et al., 2018). The findings of the | yot| 10 3.885 0.835 0.104 _0.452
HTMT ratio test vary from 0.012 to 0.253, indicating that all Uot1 4334 0.725 0.203 —0.824

constructs are independent of one another, indicating that
discriminant validity exists in this study (see Table 4).

The measurement model results were finalized after a few items
were dropped during the computation in the SmartPLS 3.3.
UotI11 was deleted because of the low loading. In addition, The
HTMT value of the two relationships (TPK and TPACK; TPK
and TCK), which is >0.900, causes two items to drop (TPK 1 and
TPK 4). The PLS algorithm was re-calculated after dropping
indicators that do not match the criteria (loading and HTMT
values). The first computation of the measurement model can be
seen in Appendix 1.

Correlations among TPACK-Uotl scale. Given the multiple
correlations estimated, Pearson product-moment correlations

(r) were applied to the p-value, dividing the standard cut-off
(0.05) by the number of coefficients estimated, thus lowering
the significance level of p <0.001. This final set of analyses
examined the relationship between TPACK-UotI. All variables
were significantly correlated with eight subscales at the 0.001
level of the p-value. The value of r should between -1 and 1
measuring the strength and direction of the two constructs’
relationship (between 0 and 1= positive correlation; 0 =no
correlation, and between 0 and —1 = negative correlation). All
correlations are positive; the highest positive correlations
emerged between TPACK and TPK (r=0.781), TPACK and
TPK (r =0.798), CK and PK (r = 0.759), and TPACK and UotI
(r=0.723) (Table 5).
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Discussions
The findings of the current study suggest that the instrument is
valid and reliable for assessing TPACK-Uotl among elementary

school teachers. The instrument can be further refined and used
for future studies. This work was established to examine ele-
mentary school teachers’ TPACK-Uotl. For the TPACK, several
instruments have been developed with their unique contexts over

o o the years (Schmidt et al., 2009b; Chai et al., 2012; Shinas et al,,
Table 3 Construct reliability and convergent validity. 2013; Cetin-Berber and Erdem, 2015; Valtonen et al., 2015; Baser
et al,, 2016; Akyuz, 2018; Luik et al., 2018; Schmid et al., 2020).
Variable Item Load a CR AVE The findings of the current study support prior studies on the
cK CK1 0.890 0.878 0.925 0803 | seven domains of the TPACK context (Akyuz, 2018; Baser et al.,
o O a9a 2016; Cetin-Berber and Erdem, 2015; Schmid et al., 2020, 2009b;
PCK PCK1 0.904 0.901 0.938 0.835 Valtonen et al, 2015). For example, Akyuz (2018) revealed
PCK2 0.928 TPACK domains among pre-service mathematic teachers
PK E%KB 8316% 0915 0932 066a | through the CFA and reliability assessment, with 21 items
PK2 0.844 informed to be valid and reliable. On the other hand, the current
PK3 0.821 study opposes prior researchers’ work that failed to report the
§E§ 82;5 seven domains of TPACK (Chai et al.,, 2012; Luik et al., 2018;
PK6 0.812 Shinas et al., 2013). For instance, Luik et al. (2018) informed three
PK7 0.809 factors (pedagogy, content, and technology). The development of
TCK TCK 0.895 0.880 0.926 0.806 | the instrument in the context of elementary school teachers’
%g 8232 TPACK provided by the results of this study enriches the TPACK
Uotl Uotlt 0.762 0.941 0.950 0.654 scale in various settings with unique methodological approaches.
Uotl10 0.802 Within this study, content validity, pilot study, and measurement
82}(:5 8;22 model were addressed for the data analysis.
Uotla 0.697 Besides TPACK, the validation involved the Uotl as an
Uotl5 0.828 extended variable. TPACK has been associated with technology
Uotlo 0817 integration in education; for example, TPK and technology
Uotl7 0.848 . . . .
Uotl8 0.829 integration (Chuang and Ho, 2015), TPACK and intention to use
Uotl9 0.851 technology (Joo et al., 2018), TPACK and behavioral intention to
TK TK1 0.786 0.918 0.935 0672 | adopt technology into teaching (Teo et al., 2017), PK and use of
%g 82516 Youtube (Krauskopf et al., 2012), and digital nativity and TPACK
TK4 0.845 (Kabakci Yurdakul, 2018). The validation of the scale that
TKS 0.817 involves Uotl during teaching perceived by elementary school
%g’ 8%5 teachers facilitated in this study could significantly support future
TPACK TPACKI 0.886 0.929 0.946 0.779 studies on technology integration related to TPACK.
TPACK2 0.895 Even though progress has been made in generating valid and
TPACK3 0889 reliable instruments, this instrument is unique because it assesses
TPACK4 0.864 .
TPACKS 0.879 the TPACK-Uotl perceived by elementary school teachers. The
TPK TPK2 0.917 0.812 0.914 0.842 results were built based on previous research by developing a new
TPK3 0.918 and comprehensive survey instrument focusing on elementary
school teachers and assessing their knowledge development in
each of the seven TPACK constructs and Uotl. Readers should be
Table 4 HTMT < 0.900. aware that this survey was created exclusively for elementar):
schools. Efforts to measure elementary school teachers
TPACK-Uotl will help future work in this area. Adding more
K PCK__PK TCK Uott TK TPACK| jtems to the constructs could improve the instrument’s reliability
PCK 0.404 and validity. The instrument can be revised and refined for
PK 0.847 0.419 future work.
TCK 0.616 0.293 0.616
Uotl 0.487 0163 0.500 0.774
TK 0.453 0235 0518 0.768 0.700 Conclusion
TPACK 0569 0.291 0573 0883 0.773 0.721 . . .
TPK 0577 0283 0574 0877 0752 0731 0899 The instrument created for this study can guide future re.search
and promote the development of TPACK-Uotl. Observations of
Table 5 Correlation between TPACK-Uotl scales.
TK PK cK PCK TCK TPACK Uotl TPK
TK 1 0.476™ 0.406™ 0.213” 0.690™ 0.666" 0.650™ 0.632"
PK 0.476" 1 0.759" 0.381" 0.552" 0.529" 0.463" 0.495"
CK 0.406™ 0.759” 1 0360 0.540" 0.513" 0.441" 0.487"
PCK 0.213” 0.381” 0.360™ 1 0.261" 0.267" 0.150™ 0.2417
TCK 0.690" 0.552" 0.540" 0.261" 1 0.798" 0.703" 0741"
TPACK 0.666" 0.529" 0.513" 0.267" 0.798" 1 0.723" 0.781"
Uotl 0.650" 0.463" 0.441" 0.150" 0.703” 0.723" 1 0.657"
TPK 0.632" 0.495™ 0.487" 02417 0.741” 0.7817 0.657" 1
**Correlation is significant at the 0.01 level (2-tailed).
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teachers are also recommended to assess the TPACK level in their
classrooms. More studies on how TPACK affects classroom
behaviors are also important. The instrument was utilized to
examine how elementary school teachers’ attitudes toward
teaching and technology changed during face-to-face and online
courses. The utilization and customization of this instrument can
inspire research to measure the development of TPACK-UotI in
other research contexts and settings. The results can aid teacher
education in designing and implementing measures to encourage
technology integration in education. The valid and reliable survey
instrument generated from this research would also facilitate a
beneficial understanding for educational programs and institu-
tions to promote Uotl into teaching.
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