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Technological development could enable pre-service teachers to adopt web
design with strong pedagogy, however adaptation requires still unclear an
explicit exploration of the factors. This study aimed to identify the effect of
technological pedagogical content knowledge (TPACK) on motivation, self-
regulation, and learning achievement. It surveyed 406 pre-service teachers
from 12 higher education institutions in Indonesia. Data validity and
reliability were checked using an exploratory factor, confirmatory, and part
analyses. The partial least squares structural equation modelling (PLS-SEM)
results showed that TPACK has the most significant role in learning
motivation. The result shows that technology integration knowledge also
significantly affects self-regulated learning (SRL). In addition, pre-service
teachers’ TPACK supports their learning motivation to use the web, as well
as their academic achievement. Moreover, most students’ achievements were
constructed by TPACK, learning motivation, and self-regulation. This study

implies that the instructor should clarify the project mission and the inquiry
system activities in the educational technology course.
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1. INTRODUCTION

Web 2.0 has become a leading tool for use by higher education institutions in learning, specifically
during and after the COVID-19 pandemic [1], [2]. It provides content, supports media, and serves as a
learning management system (LMS). The Web is commonly used in higher education to deliver
constructivist learning activities [3]. Moreover, the LMS role could be set by an admin to support pre-service
teacher flexibility in integrating technology into learning [4]. This activity could be evaluated by comparing
existing tools in LMS, resources, text, audiovisual media, assignments, tests, video conferences, and forums
[5]. The integration is capable of enhancing motivation and the use of self-regulated learning (SRL) for pre-
service teachers through web adoption for teaching and learning [6], [7]. However, this exploration requires
in-depth evidence of the relationship separately or concurrently. The exploration should show whether the
pre-service teachers’ learning performance could be seen from the integration’s transformation activities.
This would help know how pre-service teachers’ competence integrates technology into appropriate
pedagogy and content.

Technological pedagogical content knowledge (TPACK) is renowned for its pre-service teachers’
competence in integrating technology into learning [8]-[10] proposed that TPACK can be conducted using

Journal homepage: http://ijere.iaescore.com


https://creativecommons.org/licenses/by-sa/4.0/

Int J Eval & Res Educ ISSN: 2252-8822 a 189

the learning technology by design method because it has a rich context to create a product. The Web has
become a reliable technology for facilitating prospective teachers’ participation in design [11], [12]. It also
facilitates prospective teachers to design based on personal learning [13]. Nevertheless, few studies examined
the effect of web integration on learning [14], [15]. This competency allows pre-service teachers to be
motivated in their design [16]-[18] and using SRL [19] in the designed technology. The relationships of
design factors also require in-depth exploration for instructors in describing the main components in
technology integration courses.

The purpose of this research is to explore the relationship between TPACK, motivation, self-
regulated learning, and learning performance. The components of each variable would be tested for
validation and reliability. This helps in proving the relationship between the four variables. Using factor
analysis and partial least square (PLS) SEM analysis helps in analyzing each variable item so that it can be
used in the future.

2. THEORETICAL REVIEW
2.1. Technological pedagogical content knowledge (TPACK)

TPACK is an established framework for integrating technology into learning activities. This concept
was proposed by [10] for pedagogical content knowledge (PCK) modernization [20]. According to previous
study [20], teachers should have pedagogical knowledge (PK) and content knowledge (CK) in their minds.
However, other study [10] considered that PK and CK are insufficient in line with technological
developments and added TPACK to the PCK integration. This concept developed with more than 8000
discussions detected on Google Scholar. TPACK’s derivatives have also been widely used for various
purposes, such as WPACK [14], TPACK.xs [21], TPACK-L [22], and 4D-TPACK [23]. For WPACK, Lee
and Tsai [14] intercepted the Web into the PCK concept in the same way as [10] did. This framework is
divided into seven components, including web-general, web-communicative, web-pedagogical knowledge,
web-content knowledge, and attitudes. Additionally, Lee and Tsai [14] defined WPACK as pre-service
teachers’ belief in their knowledge on adopting online learning to support learning activities.

WPACK has become a potential framework to support student involvement in learning. Web in
WPACK is often associated with Web 2.0 [11], online learning [24], and specific platform, such as LMS
[25]. Integrating the Web into learning entails using it to improve self-directed learning, communication, and
student activity [11], [12], [26]. Therefore, this is a TPACK from the prospective teachers’ experience
integrating the Web into learning [27]. Xu et al. [13] stated that the LMS should be integrated into the
prospective teachers’ activities as a personal learning environment. Although the Web has facilitated pre-
service teachers in managing learning, this still needs to be proven. It is essential to explore the influence of
TPACK, learning motivation (LM), SRL, and integration on prospective teachers’ motivation and
performance. This may help transform traditional teaching and solve the rigid curriculum practice and
assessment, as well as software and hardware disability [12]. Therefore, the proposed hypothesis (H1) was
TPACK positively affects students’ achievement (SA).

2.2. Learning motivation (LM) and TPACK

Intrinsic motivation is the most significant indicator of learning because it relates positively to
learning success and performance [28]. This interest [29] could be improved through several meaningful
tasks or utility values [30]. Therefore, integrating technology could increase motivation through meaningful
learning assignments [31]-[34]. This assignment directly affects achievement in the LMS [16]. The effect is
significant when LMS also provides freedom in adopting web designs according to the desired learning
preferences [35]. However, LM is still not explored concerning the increase in the prospective teachers’
TPACK [36], [37]. Research by Liu et al. [38] recommended exploring the relationship between teacher
knowledge and LM. This may prove that web integration increases the prospective teachers’ LM. Some
studies only evaluated how students’ motivation affects the use of LMS [39], [40]. Therefore, the proposed
hypothesis (H2) was LM would positively affect SA.

There is a possibility that motivation affects TPACK competence [36], [37] or that TPACK affects
LM [16]-[18]. First, Holland and Piper [36] showed that motivation correlates highly with TPACK.
However, other study found that the regression coefficient of TPACK and motivation is small, with f=0.21
[37]. This influence is moderated by goals, tasks, feedback, and SRL [41]. Second, Fernandes et al. [17]
proposed TPACK’s effect on motivation with a regression coefficient of f=0.56. Instructors must develop
awareness when integrating technology to increase students’ emotions and motivation in learning [18].
Although it is necessary to explore both, it is more concerning to the effect of TPACK competence on
motivation. The web could be more meaningful in increasing the prospective teachers’ LM. Therefore, the
proposed hypothesis (H3) was TPACK would positively affect LM.
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2.3. Self-regulated learning and TPACK

Zimmerman [42] defined SRL as a process of thinking, attitude, and behavior from self-directed
learning to achieve goals. This term became an important topic in 1986 as part of metacognition, motivation,
and behavior [43]. Metacognition means self-regulated planning, design, implementation, and self-evaluation
in integrating technology into learning. In SRL, metacognition is associated with goal-oriented, tentative, and
monitoring processes [44]. Moreover, TPACK is a knowledge aspect highlighted when proposed [10], [45]
as metacognitive in SRL. This may be due to service quality factors from technology, pedagogy, and
institutions in improving SRL [46], [47]. Broadbent et al. [48] suggested to explore how interaction with
technology increases the independence of pre-service technicians’ SRL. Therefore, the proposed hypothesis
(H4) was SRL would positively affect SA.

Various studies showed that motivation increases SRL [19], [47], [49]. It activates students’ SRL in
constructive learning [50] included in the TPACK-in practice process. The increase is due to commitment,
metacognitive, satiation, emotional, and environmental control [19]. Additionally, motivation is a vital SRL
factor in integrating technology because motivated students would use it to accomplish complex tasks [6].
This involves giving prospective teachers projects to design planning, technology transformation,
implementation, and evaluation. Chen and Jang [51] connected TPACK with the ability to plan, monitor,
control, and reflect on SRL’s role in technology integration. Therefore, the proposed hypotheses were LM
would positively affect SRL (H5) and TPACK would positively affect SRL (H6).

This study aimed to determine the effect of web design on LM, SRL, and learning achievement.
Exploration was conducted to determine the factors of each latent variable of the instrument items. The
variables were evaluated using correlation and part analyses by testing the hypotheses proposed with the
structure shown in Figure 1.

H2

L

Figure 1. The hypothetic structure model

3. METHOD
3.1. Participants and procedure

A quantitative method with a survey was used to obtain a factor model of the Web design self-
efficacy, motivation, SRL, and pre-service teachers’ learning achievement. Random sampling was used to
select the participants invited to fill out a survey involving 12 higher education teachers from West Java, East
Java, and Central Java Provinces, Indonesia. The participants were 406 elementary school teacher candidates
selected from 460 teacher candidates. The sample consisted of 49 (12%) male and 357 (87%) female, aged
between 18-23, and had been in education for 2-4 years. The teacher candidates programmed educational
technology courses in designing lesson plans. Additionally, their universities used LMS in designing learning
materials and as a learning add-on.

The survey instrument was distributed online with the teacher’s permission. Students filled out a
Likert scale (1 to 5) on each question item according to their perception. The survey contained statements
about self-efficacy in web design, motivation, SRL, and learning achievement. Furthermore, the responses
were selected based on which prospective teacher used the Web to design lesson plans. Missing data were
also tested before conducting further analysis.

3.2. Measures
Participants were asked about their names, ages, and years of study. The instrument also asked
“yes/no” questions about the Web, such as “Has your college implemented Web learning in its learning
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technology courses?” Regarding experience in web design, the question asked was “Have you ever designed
or developed the Web in a learning technology course?” This ensured that the respondent had conducted a
web design before filling out the questionnaire.

Items from the Web design efficacy instrument was developed by modifying self-efficacy in
previous technology studies [52]-[54]. It measured the prospective teachers’ confidence in adopting the Web
as a learning medium. This questionnaire was developed with seven items with a Likert scale of 1-5 from
strongly disagree to strongly agree as shown in Table 1. For instance, Wei and Chou [54] modified the
statement item, namely “I feel confident about using the Web as an online learning medium.” This was
analyzed by confirmatory factor analysis (CFA) with a loading factor between 0.78 to 0.85 and the
Cronbach’s o (reliability) of Web design self-efficacy was 0.90. LM was measured by modifying the
motivation and self-regulation toward technology learning (MSRTL) [39], [54]. The measurement focused on
why students are interested in the Web as a learning tool. This item was developed using five statements with
a Likert scale from strongly disagree=1 to strongly agree=5. For instance, the motivational item developed by
[39] is “This Web learning motivates me to study harder because it stimulates my thinking.” The CFA results
showed the loading factor value ranging from 0.79 to 0.83 and the Cronbach test also indicated a reliable
motivation value of 0.88. The item from SRL was modified from [43], [55] to measure self-regulation in
Web learning and answered in 4 items. For instance, “I organize learning videos I watch on the Web” was
developed from “Will this student volunteer for special tasks, duties, or activities related to coursework?”
[43]. Likert scale of 1 to 5 from strongly disagree to strongly agree was selected on the SRL item. The CFA
results showed the value of the loading factor ranging from 0.82 to 0.86, with Cronbach’s o of 0.86. The
students’ performance scale was revised from online learning performance [54] with a Likert scale of 1-5
from strongly disagree to strongly agree. This focused on the tasks given to students to achieve learning
objectives and the number of statements is eight items. For instance, the item “Web learning assignments
increase my knowledge, and my self-development” showed knowledge performance. The loading factor
value of students’ performance is between 0.77 and 0.83, with Cronbach’s o of 0.89.

Table 1. Items of LM, SA, SRL, and web design self-efficacy

Code Items
Learning motivation
LM_1 I am motivated when | can complete the tasks given in Web learning
LM_2 | am interested in web learning materials and motivated to learn them
LM_3 | am motivated because this Web learning provides clear guidance on the studied material
LM_4 This Web learning motivates me to study harder because it stimulates my thinking
LM_5 | propose that the lecturer repeat the Web learning according to my needs
Students’ achievement
SA_1 Web learning assignments increase my knowledge and self-development
SA_2 Web learning assignments force me to study
SA_3 Web learning assignments are the primary key to keeping me growing in improving my teaching skills
SA_4 I am very good at finding answers on my own for things that the teacher does not explain in class
SA 5 | answer questions quickly without having to depend on others
SA 8 | can manage my study time with the Web well
Self-regulated learning
SRL_1 I can log in independently when learning online
SRL_2 | organize the learning videos | watch on the Web
SRL_3 I fill in journals and assignments sent to students on the Web
SRL_4 I am involved in the many questions and replies of each student when learning the Web

Web design self-efficacy

TPACK_1 | feel confident that | can design online learning through the Web

TPACK_2 | feel confident that | can design various features provided by the application, such as creating blogs, forums,
assignments, chats, quizzes, and lessons

TPACK_3 | feel confident that | can create learning materials through the Web with various media, such as typing text, as well as
embedding YouTube videos, PowerPoint, and WhatsApp applications on it

TPACK_4 | can adjust the planning in the lesson plan into the learning web design to achieve the learning objectives

TPACK_6 | feel confident asking questions in both oral and written online discussions

TPACK_7 | feel confident using online communication tools, such as Email, WhatsApp, Zoom, and Gmeet, to communicate
effectively with others

3.3. Data collection

The lecturer was asked about the technology course that used web learning to ensure the college
uses the Web in learning design. Permissions were made to provide information appropriate to their
circumstances. Data were collected using a questionnaire with items revised based on their validity and
reliability. The questionnaire contained Background information, Web design self-efficacy, LM, SRL, and
students’ performance. The instrument is transformed into an online form and disseminated through social
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media groups. The distribution was conducted at the end of odd and even semesters because each university
opens educational technology courses differently.

3.4. Data analysis

Survey data were tested using exploratory factor analysis (EFA), confirmatory factor analysis
(CFA), correlation, and structural equation modeling (SEM). Initially, Kaiser-Meyer-Olkin (KMO) and
Bartlett’s tests were applied using SPSS 25.0. The data were then analyzed using EFA to obtain the relevant
factors randomly. These factors were determined using CFA according to previous study criteria [56]. EFA
and CFA used the principal axis factoring and varimax rotation extraction methods with a high loading factor
and a mean commonalities value of 0.70 [57]. The extracted factors were tested for reliability with
Cronbach’s to determine the internal consistency of each item, at least 0.70. Furthermore, Pearson
Correlation was applied to determine the correlation between factors. PLS-SEM was then implemented using
SmartPLS 3.2.7. PLS-SEM was used as a factor exploration procedure based on the criteria of the model of
fit [58], such as SRMR, Chi-square, and collinearity statistics (VIF).

4. RESULTS
4.1. Exploratory and confirmatory factor analyses

Based on the data from a questionnaire with 5 Likert scales, EFA and CFA were applied with SPSS
25.0 to obtain web design factors on LM, SA, and SRL. Four factors were extracted from the EFA assay and
confirmed with CFA as the latent variable. The best extraction results showed the KMO value of 0.96, with
¥2=7305.352, p=0.000, and the total variance explained together of 67.914%. The loading factor of the four
factors ranged from 0.511 to .8, as shown in the rotated component matrix EFA as in Table 2. This indicates
that each item shows the latent variable of a strong factor approaching a value of 1 [59].

4.2. Descriptive analysis

The descriptive statistical analysis after adjusting the CFA results from the EFA results is shown in
Table 3. Overall, the data indicated that all factors have values exceeding three. SRL had the highest mean
value (M=3.6; SD=0.8) and the lowest LM (M=3.31; SD=0.75).

Table 2. Loading factors of LM, SA, SRL, and TPACK

Latent Items Component s
variable code 1 2 i 3 4 Cronbach’s o CR AVE
TPACK TPACK_1 .801 146 149 .245 .90 .93 .67
TPACK_2 .799 168 .143 .230
TPACK_3 739 276 .200 137
TPACK_4 .706 350 141 192
TPACK_5 679 285  .200 .284
TPACK_6 .604 347 169 .340
TPACK_7 .567 393 409 144
TPACK_8 511 407 375 224
SA SA_1 .295 765 205 .110 .89 .92 .65
SA_2 139 .668  .186 .354
SA_3 420 .644 186 .245
SA_4 .353 .625  .338 .254
SA_5 272 602 244 .389
SA_6 .382 592 .290 .269
SA_7 .383 515 297 .328
SRL SRL_1 .152 226 .798 171 .86 91 71
SRL _2 145 149 783 .317
SRL _3 .180 271 757 119
SRL_4 .297 207 677 .254
LM LM_1 314 214 180 778 .88 91 .67
LM_2 .287 228 231 725
LM_3 .168 268 245 713
LM_4 .385 376 .304 522
LM_5 .320 363 289 513

Table 3. Descriptive statistics and correlations between LM, SA, SRL, and web design self-efficacy
Variable N Mean SD
WPACK 406 344 .73
SA 406 352 .74
SRL 406 3.60 .80
LM 406 331 .75
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4.3. Reliability and validity of latent variable

It is crucial to test the reliability and validity after obtaining the latent variable from CFA. Table 3
shows the internal consistency reliability and convergent validity. Internal consistency reliability is indicated by
Cronbach’s alpha with a value between 0.86 and 0.90. Further references suggest using composite reliability
(CR) [60], [61], with a value ranging from 0.91 to 0.93. This value on both criteria includes high-level internal
consistency reliability. The latent variable was also evaluated with average variance extracted (AVE) to test
convergent validity. All AVE values on all latent variables exceed 0.6, exceeding the threshold of 0.5.

Discriminant validity was also applied, where the quadrat root of AVE should have the largest
correlation among the latent variables. Table 4 presents the correlation of Pearson among latent variables and
root square AVE in bold values. All variables have a positive and significant relationship (r=0.6, p<0.001).
The correlation between LM and SA (r=0.797, p<0.001) was strongest, and weakest between LM with SRL
(r=0.602, p<0.001). The results show that the validation discriminant is well established for all latent
variables. For instance, the root square’ AVE of LM is 0.821, larger than the correlation of LM with SA
(r=0.797), SRL (r=0.602), and TPACK (r=0.728). Similar results are observed for the SA, SRL, and TPACK
variables.

Table 4. Fornell-Larcker criterion checking from LM, SA, SRL, and TPACK
Correlation- Fornell-Larcker criterion
WPACK SA SRL LM

Latent variable

TPACK .820

SA 7757 .807

SRL .640™ 657 .841

LM 728" J977 6027 821

4.4. Structural equation model of LM, SA, SRL, and TPACK

SEM tests were calculated using PLS Algorithm and maximum iterations: 300 [62], [63]. The SEM-
PLS model of this computation is shown in Figure 2. The model’s goodness of fit (GoF) is displayed by the
standardized root mean square residual (SRMR) value, which is 0.060. This value is considered suitable
because it is less than 0.10 or 0.08 [64]. Additionally, the NFI shows a value of 0.9, corresponding to an
acceptable fit close to 1. Figure 2 shows that R-squared measures (R?) are exposed in numbers that lie in the
circle (endogenous latent variable) as regression coefficients. This represents a combined contribution to the
latent endogenous variable. For instance, the SA variable is affected by TPACK, LM, and SRL by 71.9%.

The hypothesis was assessed partially between latent variables, LM, SA, SRL, and TPACK, as
shown in Table 5. The biggest influence occurs in the WPACK -> LM relationship (p=0.717, t1s=19.671,
p=0.000), while the smallest is SRL->SA (p=0.183, tn3=4.348, p=0.000). However, all hypotheses from
t1=19.671 to tpe=4.176 with p=0.000 were accepted. The size effect (f2) shows a large value for TPACK->LM
and TPACK->SA, medium for LM->SA and LM->SRL, and small for SRL->SA and TPACK->SRL [65].

TPACK _1
N
TPACK 2 0835
0845\,
TPAK 3 4—0.81
0.820—
TPACK _4 0780 7

0.806
TPACK.S | TPACK
A7

TPACK .7

0.242 0.405

M

Figure 2. Structural model
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Table 5. Hypothesis testing results

Hypothesis Path B t P f? Decision
H1 TPACK->SA 406 6.517 .000 270 Accepted
H2 LM->SA 368  6.933 .000 196 Accepted
H3 TPACK->LM 717 19.671 .000 1.056 Accepted
H4 SRL->SA 183 4.348 .000 .067  Accepted
H5 LM->SRL 471 7.555 .000 194 Accepted
H6 TPACK->SRL .242 4176 .000 .051  Accepted

5. DISCUSSION

This study aimed to develop an instrument scale to examine the effect of pre-service teachers’
TPACK, LM, SRL, and SA during learning by web design. All latent variables were supported by high
Cronbach’s Alpha, CR, and EVA to show the reliability of a WPACK effect scale. Also, the validity was
represented by a strong loading factor, discriminant validity, and Pearson correlation. This result supports
previous studies that built the four constructs [17], [41], [51], probably because the respondents experienced
the effect of web adaptation in the course. This validation and reliability might not occur when the
respondents could not conduct the Web integration well. The results showed that WPACK related to SA,
SRL, and LM when the pre-service teachers integrated the Web into teaching and learning. Therefore, pre-
service teachers’ motivation should become an essential mediator in influencing SRL and SA. This is
represented by the strongest correlation between LM and SA and the weakest between LM and SRL, though
the relationship is partial. Therefore, this study explored the factors influencing pre-service teachers when
integrating the Web into pedagogical and content courses. The validated instrument could be used to evaluate
this factor simultaneously. These results can also have implications that faculties and lecturers can encourage
students to organize in the LMS so that they are not left alone to study independently.

The empirical study showed the relationship among pre-service teachers” TPACK, learning interest,
self-regulation, learning achievement, and implication of technology integration in courses. SA was formed
from TPACK, SRL, and LM by 71.9%. It indicates that student learning achievement is influenced by three
main variables. These are prospective teachers’ knowledge in web integration, interest in learning to integrate
the Web, and ideas, attitudes, and behavior in integration. The results support previous studies on TPACK’s
role in learning achievement and its relationship with motivation and SRL [17], [51]. Patch analysis also
showed that the effect of TPACK on LM was the highest coefficient value, probably because some students
are challenged in designing new learning tools. Previous studies found that motivation is important in using
the Web to create optimal design activities [3], although anxiety and stress negatively impact technology
integration [66]. Therefore, the instructor should create a project that becomes a challenge for prospective
teachers. The project should have clear benefits and not be too difficult to complete. Pre-service teachers also
should have a basis for completing projects to integrate technology with a clear vision and mission.

TPACK showed a significant effect on SRL with high effect (B=0.242, t=4.176, P=0.000). It
indicates that pre-service teachers’ TPACK plays a vital role in the idea process, attitude, and behavior of
web integration. This supports previous study [46], [51], which showed that a strong technology integration
affects pre-service teachers’ self-regulation in designing, developing, practicing, and evaluating teaching
processes and knowledge. Web knowledge promotes the emergence of thinking in adopting the Web in
learning. However, few studies explored the Web’s interaction with metacognitive knowledge in integrating
technology to determine the pre-service teachers’ independence of self-regulation [48]. Technology
integration projects could be recommended to develop learning web design ideas, independent adoption
process, and self-reported self-control.

6. CONCLUSION

This study focused on the effect of web integration on learning on motivation, self-regulation, and
learning achievement, and it help pre-service teachers learn in Web adoption. First, validated instruments
could measure TPACK’s impact on ideas, motivation, behavior, control, and integration implementation.
Second, TPACK significantly influences LM and SRL. This effect is based on how the project is conducted
by activating pre-service teachers in challenging situations with clear procedures. Lecturers could be
promoted to complete a program to integrate technology into learning with a constructivist approach. The
limitations of this study are followed by suggestions for future studies. First, the participants’ characteristics
are not precise regarding designing the learning Web when taking technology courses at their universities.
This requires an in-depth case study to determine how the Web is made flexible in accomplishing project
adoption. Further studies could use data collection techniques such as interviewing, observing and
documenting pre-service teachers’ motivation, SRL, and performance. This study used PLS-SEM to analyze
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the variance of the covariance in covariance-based SEM (CB-SEM), which emphasizes more detailed
assumptions. Therefore, further studies could use other analytical software such as AMOS, LISREL, EQS,
and MPlus.

ACKNOWLEDGEMENTS
This article was funded by Kemendikbudristek DRTPM with the main contract number
006/E5/PG.02.00.PL/2024 and the derivate contract 11.6.91/UN32.14.1/L.T/2024.

REFERENCES

[1]  F.van Cappelle, V. Chopra, J. Ackers, and P. Gochyyev, “An analysis of the reach and effectiveness of distance learning in India
during school closures due to COVID-19,” International Journal of Educational Development, vol. 85, p. 102439, 2021, doi:
10.1016/j.ijedudev.2021.102439.

[2] M. Yildirim and L. Gurleroglu, “A Teaching Suggestion in the COVID-19 Disease Pandemic Period: The Educational Website
Enriched by Web 2.0 Tools,” International Journal of Web-Based Learning and Teaching Technologies, vol. 17, no. 2, Mar.
2022, doi: 10.4018/IJWLTT.20220301.0a5.

[3] J. Lim and T. J. Newby, “Preservice teachers’ Web 2.0 experiences and perceptions on Web 2.0 as a personal learning
environment,” Journal of Computing in Higher Education, vol. 32, no. 2, pp. 234-260, 2020, doi: 10.1007/s12528-019-09227-w.

[4] A. B. Ustun, F. G. Karaoglan Yilmaz, and R. Yilmaz, “Investigating the role of accepting learning management system on
students’ engagement and sense of community in blended learning,” Education and Information Technologies, vol. 26, no. 4,
pp. 4751-4769, 2021, doi: 10.1007/s10639-021-10500-8.

[5] M. Cantabella, B. Lopez, A. Caballero, and A. Muifioz, “Analysis and evaluation of lecturers’ activity in Learning Management
Systems: Subjective and objective perceptions,” Interactive Learning Environments, vol. 26, no. 7, pp. 911-923, 2018, doi:
10.1080/10494820.2017.1421561.

[6] ©P. Gu and Y. Lee, “Promoting Students’ Motivation and Use of SRL Strategies in the Web-Based Mathematics Learning
Environment,” Journal of Educational Technology Systems, vol. 47, no. 3, pp. 391-410, 2019, doi: 10.1177/0047239518808522.

[71 C. W. Tsai, P. Di Shen, I. C. Chiang, W. Y. Chen, and Y. F. Chen, “Exploring the effects of web-mediated socially-shared
regulation of learning and experience-based learning on improving students’ learning,” Interactive Learning Environments,
vol. 26, no. 6, pp. 815-826, 2018, doi: 10.1080/10494820.2017.1415940.

[8] D. M. Harvey and R. A. Caro, “Herring, M.C., Koehler, M.J.,, & Mishra, P. (Eds.) (2016). Handbook of Technological
Pedagogical Content Knowledge (TPACK) for Educators. (2nd edition). New York: Routledge,” TechTrends, vol. 61, no. 4,
pp. 404-405, 2017, doi: 10.1007/s11528-017-0176-2.

[91 J. Jung and A. Ottenbreit-Leftwich, “Course-level modeling of preservice teacher learning of technology integration,” British
Journal of Educational Technology, vol. 51, no. 2, pp. 555-571, 2020, doi: 10.1111/bjet.12840.

[10] P. Mishra and M. J. Koehler, “Technological pedagogical content knowledge: a framework for teacher knowledge,” Teachers
College Record: The Voice of Scholarship in Education, vol. 108, no. 6, p. 1017, 2006, doi: 10.1111/j.1467-9620.2006.00684.x.

[11] C. Bustamante, “TPACK-based professional development on web 2.0 for Spanish teachers: a case study,” Computer Assisted
Language Learning, vol. 33, no. 4, pp. 327-352, 2020, doi: 10.1080/09588221.2018.1564333.

[12] U. Kale and D. Goh, “Teaching style, ICT experience and teachers’ attitudes toward teaching with Web 2.0,” Education and
Information Technologies, vol. 19, no. 1, pp. 41-60, 2014, doi: 10.1007/s10639-012-9210-3.

[13] X. Xu, F. M. Chan, and S. Yilin, “Personal learning environment: an experience with ESP teacher training,” Interactive Learning
Environments, vol. 28, no. 6, pp. 779-794, 2020, doi: 10.1080/10494820.2018.1552872.

[14] M.-H. Lee and C.-C. Tsai, “Exploring teachers’ perceived self efficacy and technological pedagogical content knowledge with
respect to educational use of the World Wide Web,” Instructional Science, vol. 38, no. 1, 2010, doi: 10.1007/s11251-008-9075-4.

[15] C. S. Chai and L. Tan, “Examining pre - service teachers’ design capacities for web - based 21st century new culture of learning,”
Australasian Journal of Educational Technology, vol. 33, no. 1, pp. 1-20, 2017, doi: 10.14742/ajet.3013

[16] M. Ivanov and V. Radygin, “Increasing Student Motivation by Using Dynamic Rating: Approach and Implementation as Part of
the LMS Based on Open-Source Software,” in Cyber-Physical Systems: Design and Application, 2021, pp. 1-440, doi:
10.1007/978-3-030-66081-9_31

[17] S. Fernandes, P. Gupta, and V. V. A. Kumar, “Relationship between work motivation scale and TPACK,” Journal of Applied
Research in Higher Education, vol. 12, no. 4, pp. 693-708, 2020, doi: 10.1108/JARHE-07-2018-0155.

[18] M. E. Wehb et al., “Challenges for IT - Enabled Formative Assessment of Complex 21st Century Skills,” Technology, Knowledge
and Learning, vol. 23, pp. 441-456, 2018, doi: 10.1007/s10758-018-9379-7.

[19] L.S. Teng, “Individual differences in self-regulated learning: Exploring the nexus of motivational beliefs, self-efficacy, and SRL
strategies in EFL writing,” Language Teaching Research, vol. 28, no. 2, 2021, doi: 10.1177/13621688211006881.

[20] L. S. Shulman, “Those Who Understand: Knowledge Growth in Teaching,” American Education Research Association, vol. 15,
no. 2, pp. 4-14, 1986, doi: 10.1017/CB09781107415324.004.

[21] M. Schmid, E. Brianza, and D. Petko, “Developing a short assessment instrument for Technological Pedagogical Content
Knowledge (TPACK.xs) and comparing the factor structure of an integrative and a transformative model,” Computers and
Education, vol. 157, p. 103967, 2020, doi: 10.1016/j.compedu.2020.103967.

[22] B. Choi and M. F. Young, “TPACK-L: teachers’ pedagogical design thinking for the wise integration of technology,” Technology,
Pedagogy and Education, vol. 30, no. 2, pp. 217-234, 2021, doi: 10.1080/1475939X.2021.1906312.

[23] M. A. Thohir, J. Jumadi, and W. Warsono, “Technological pedagogical content knowledge (TPACK) of pre-service science
teachers: A Delphi study,” Journal of Research on Technology in Education, vol. 54, no. 1, pp. 127-142, Jan. 2022, doi:
10.1080/15391523.2020.1814908.

[24] K. E. Brinkley-Etzkorn, “Learning to teach online: Measuring the influence of faculty development training on teaching
effectiveness through a TPACK lens,” Internet and Higher Education, vol. 38, p. 28, 2018, doi: 10.1016/j.iheduc.2018.04.004.

[25] M. A. Makumane, “Students’ perceptions on the use of LMS at a Lesotho university amidst the COVID-19 pandemic,” African
Identities, vol. 21, no. 2, pp. 209-226, 2021, doi: 10.1080/14725843.2021.1898930.

[26] A. Jimoyiannis, P. Tsiotakis, D. Roussinos, and A. Siorenta, “Preparing teachers to integrate web 2.0 in school practice: Toward a
framework for pedagogy 2.0,” Australasian Journal of Educational Technology, vol. 29, no. 2, pp. 248-267, 2013.

Relationship of TPACK, motivation, self-regulation, and learning performance on ... (M. Anas Thohir)



196

a ISSN: 2252-8822

[27]

[28]
[29]
[30]

[31]

[32]
[33]

[34]

[35]

[36]

[37]

[38]
[39]
[40]
[41]
[42]
[43]
[44]
[45]
[46]
[47]

[48]

[49]

[50]
[51]
[52]

[53]

[54]
[55]
[56]
[57]

[58]

J. H. L. Koh and C. S. Chai, “Towards a Web 2.0 TPACK Lesson Design Framework: Applications of a Web 2.0 TPACK Survey
of Singapore Preservice Teachers,” in New Media and Learning in the 21st Century, Springer, Singapore, 2015, pp. 161-180, doi:
10.1007/978-981-287-326-2_11.

M. Donnermann et al., “Social robots and gamification for technology supported learning: An empirical study on engagement and
motivation,” Computers in Human Behavior, vol. 121, no. May 2020, p. 106792, 2021, doi: 10.1016/j.chb.2021.106792.

U. Schiefele, “Interest, Learning, and Motivation,” Educational Psychologist, vol. 26, no. 3-4, pp. 299-323, 1991, doi:
10.1080/00461520.1991.9653136.

U. Kale and M. Akcaoglu, “The role of relevance in future teachers’ utility value and interest toward technology,” Educational
Technology Research and Development, vol. 66, no. 2, pp. 283-311, 2018, doi: 10.1007/s11423-017-9547-9.

R. Smit, N. Robin, C. De Toffol, and S. Atanasova, “Industry-school projects as an aim to foster secondary school students’
interest in technology and engineering careers,” International Journal of Technology and Design Education, vol. 31, no. 1,
pp. 61-79, 2021, doi: 10.1007/s10798-019-09538-0.

P. L. P. Rau, Q. Gao, and L. M. Wu, “Using mobile communication technology in high school education: Motivation, pressure,
and learning performance,” Computers and Education, vol. 50, no. 1, pp. 1-22, 2008, doi: 10.1016/j.compedu.2006.03.008.

S. L. Cheng, L. Lu, K. Xie, and V. W. Vongkulluksn, “Understanding teacher technology integration from expectancy-value
perspectives,” Teaching and Teacher Education, vol. 91, p. 103062, 2020, doi: 10.1016/j.tate.2020.103062.

S. L. Cheng, S. B. Chen, and J. C. Chang, “Examining the multiplicative relationships between teachers’ competence, value and
pedagogical beliefs about technology integration,” British Journal of Educational Technology, vol. 52, no. 2, pp. 734-750, 2021,
doi: 10.1111/bjet.13052.

E. Chtouka, W. Guezguez, and N. Ben Amor, “Reinforcement Learning for New Adaptive Gamified LMS,” in Digital Economy.
Emerging Technologies and Business Innovation, vol. 325, 2019, pp. 29-40. doi: 10.1007/978-3-030-30874-2.

D. D. Holland and R. T. Piper, “A technology integration education (TIE) model for millennial preservice teachers: Exploring the
canonical correlation relationships among attitudes, subjective norms, perceived behavioral controls, motivation, and
technological, pedagogical, and content,” Journal of Research on Technology in Education, vol. 48, no. 3, pp. 212-226, 2016,
doi: 10.1080/15391523.2016.1172448.

D. D. Holland and R. T. Piper, “A technology integration education (TIE) model: Millennial preservice teachers’ motivations
about technological, pedagogical, and content knowledge (TPACK) competencies,” Journal of Educational Computing Research,
vol. 51, no. 3, pp. 257294, 2014, doi: 10.2190/EC.51.3.a.

Q. Liu, S. Zhang, and Q. Wang, “Surveying Chinese in-service K12 teachers’ technology, pedagogy, and content knowledge,”
Journal of Educational Computing Research, vol. 53, no. 1, pp. 55-74, 2015, doi: 10.1177/0735633115585929.

P. Y. Liou and P. J. Kuo, “Validation of an instrument to measure students’ motivation and self-regulation towards technology
learning,” Research in Science and Technological Education, vol. 32, no. 2, p. 79, 2014, doi: 10.1080/02635143.2014.893235.

H. C. Wei and C. Chou, “Online learning performance and satisfaction: do perceptions and readiness matter?” Distance
Education, vol. 41, no. 1, pp. 48-69, 2020, doi: 10.1080/01587919.2020.1724768.

D. D. Holland and R. T. Piper, “Testing a Technology Integration Education Model for Millennial Preservice Teachers,” Journal
of Educational Computing Research, vol. 54, no. 2, pp. 196-224, 2016, doi: 10.1177/0735633115615129.

B. J. Zimmerman, “Becoming a self-regulated learner: An overview,” Theory into Practice, vol. 41, no. 2, pp. 64-70, 2002, doi:
10.1207/s15430421tip4102_2.

B. J. Zimmerman and M. Martinez-Pons, “Construct validation of a strategy model of student self-regulated learning.,” Journal of
Educational Psychology, vol. 80, no. 3, pp. 284-290, 1988, doi: 10.1037//0022-0663.80.3.284.

L. Huang and S. P. Lajoie, “Process analysis of teachers’ self-regulated learning patterns in technological pedagogical content
knowledge development,” Computers and Education, vol. 166, p. 104169, 2021, doi: 10.1016/j.compedu.2021.104169.

M. J. Koehler, P. Mishra, and W. Cain, “What is Technological Pedagogical Content Knowledge (TPACK)?” Contemporary
Issues in Technology and Teacher Education, vol. 9, no. 1, pp. 60-70, 2013, doi: 10.1177/002205741319300303.

N. A. Albelbisi, “The role of quality factors in supporting self-regulated learning (SRL) skills in MOOC environment,” Education
and Information Technologies, vol. 24, no. 2, pp. 1681-1698, 2019, doi: 10.1007/s10639-018-09855-2.

S. J. Aguilar, S. A. Karabenick, S. D. Teasley, and C. Baek, “Associations between learning analytics dashboard exposure and
motivation and self-regulated learning,” Computers and Education, vol. 162, 2021, doi: 10.1016/j.compedu.2020.104085.

J. Broadbent, E. Panadero, J. M. Lodge, and P. D. Barba, “Technologies to enhance self-regulated learning in online and
computer-mediated learning environments,” in Handbook of research in educational communications and technology, 4th ed.,
Springer, 2020, pp. 37-52. doi: 10.1007/978-3-030-36119-8.

M. S. Peteranetz, L. K. Soh, D. F. Shell, and A. E. Flanigan, “Motivation and Self-Regulated Learning in Computer Science:
Lessons Learned from a Multiyear Program of Classroom Research,” IEEE Transactions on Education, vol. 64, no. 3, pp. 317—
326, 2021, doi: 10.1109/TE.2021.3049721.

C. Angeli and N. Valanides, Technological Pedagogical Content Knowledge: Exploring, Developing, and Assessing TPCK.
Springer New York, 2015, doi: 10.1007/978-1-4899-8080-9.

Y. H. Chen and S. J. Jang, “Exploring the Relationship Between Self-Regulation and TPACK of Taiwanese Secondary In-Service
Teachers,” Journal of Educational Computing Research, vol. 57, no. 4, pp. 978-1002, 2019, doi: 10.1177/0735633118769442.

A. Y. Wang and M. H. Newlin, “Predictors of web-student performance: The role of self-efficacy and reasons for taking an on-
line class,” Computers in Human Behavior, vol. 18, no. 2, pp. 151-163, 2002, doi: 10.1016/S0747-5632(01)00042-5.

S. Zhang and Q. Liu, “Investigating the relationships among teachers ‘motivational beliefs, motivational regulation, and their
learning engagement in online professional learning communities,” Computers & Education, vol. 134, pp. 145-155, 2019, doi:
10.1016/j.compedu.2019.02.013.

H. C. Wei and C. Chou, “Online learning performance and satisfaction: do perceptions and readiness matter?” Distance
Education, vol. 41, no. 1, pp. 48-69, 2020, doi: 10.1080/01587919.2020.1724768.

Y. J. Joo, M. Bong, and H. J. Choi, “Self-efficacy for self-regulated learning, academic self-efficacy, and internet self-efficacy in
web-based instruction,” Educational Technology Research and Development, vol. 48, no. 2, 2000, doi: 10.1007/BF02313398.

L. R. Fabrigar, D. T. Wegener, R. C. MacCallum, and E. J. Strahan, “Evaluating the use of exploratory factor analysis in
psychological research.,” Psychological Methods, vol. 4, no. 3, pp. 272-299, Sep. 1999, doi: 10.1037/1082-989X.4.3.272.

R. C. MacCallum, K. F. Widaman, K. J. Preacher, and S. Hong, “Sample size in factor analysis: The role of model error,”
Multivariate Behavioral Research, vol. 36, no. 4, pp. 611-637, 2001, doi: 10.1207/S15327906 MBR3604_06.

C. M. Stein, N. J. Morris, N. B. Hall, and N. L. Nock, “Structural equation modeling,” Methods in Molecular Biology, Humana
Press, New York, 2017, pp. 557-580, doi: 10.1007/978-1-4939-7274-6_28.

Int J Eval & Res Educ, Vol. 14, No. 1, February 2025: 1-1x



Int J Eval & Res Educ ISSN: 2252-8822 a 197

[59] M. Pett, N. Lackey, and J. Sullivan, “An Overview of Factor Analysis,” in Making Sense of Factor Analysis, SAGE Publications,
2003, pp. 2-12. doi: 10.4135/9781412984898.n1.

[60] R.P.Bagozzi and Y. Yi, “On the evaluation of structural equation models Cite this paper,” Journal of the Academy of Marketing
Science, pp. 74-94, 1988.

[61] R. A. Peterson and Y. Kim, “On the relationship between coefficient alpha and composite reliability,” Journal of Applied
Psychology, vol. 98, no. 1, pp. 194-198, 2013, doi: 10.1037/a0030767.

[62] C. M. Ringle, D. Da Silva, and D. D. S. Bido, “Structural Equation Modeling with the SMARTPLS,” Revista Brasileira de
Marketing, vol. 13, no. 2, pp. 5673, May 2014, doi: 10.5585/remark.v13i2.2717.

[63] K. K. K.-K. Wong, “Partial Least Squares Structural Equation Modeling (PLS-SEM) Techniques Using SmartPLS,” Marketing
Bulletin, vol. 24, no. 1, pp. 1-32, 2013.

[64] L. Hu and P. M. Bentler, “Fit indices in covariance structure modeling: Sensitivity to underparameterized model
misspecification,” Psychological Methods, vol. 3, no. 4, pp. 424-453, 1998, doi: 10.1037//1082-989x.3.4.424.

[65] J. Cohen, Statistical power analysis for the behavioral sciences, 2nd ed. Lawrence Erlbaum Associate Publisher, 1988.

[66] Y. Dong, C. Xu, C. S. Chai, and X. Zhai, “Exploring the Structural Relationship Among Teachers’ Technostress, Technological
Pedagogical Content Knowledge (TPACK), Computer Self-efficacy and School Support,” Asia-Pacific Education Researcher,
vol. 29, no. 2, pp. 147-157, 2020, doi: 10.1007/s40299-019-00461-5.

BIOGRAPHIES OF AUTHORS

M. Anas Thohir © EJ B8 © s an associate Professor in Universitas Negeri Malang. His
research provides the pre-service teacher and higher education topics. He is interested to study
the educational technology in science domain, teaching material design, and misconception.
He can be contacted via email: anas.thohir.fip@um.ac.id.

Fitri April Yanti ©© EJ B3 € is a Lecturer at Bengkulu University. She was appointed as a
lecturer at the university in 2021. Completed her doctoral education since 2019 at Yogyakarta
State University, Indonesia. Her research focuses on science education, science learning
strategies and models, as well as teaching high order thinking skills. She can be contacted via
email: faprilyanti@unib.ac.id.

Rif’ati Dina Handayani Bl 2 is an associate professor at the Physics Education
Department, University of Jember, Indonesia. She is majoring in educational sciences. Her
research interests include student learning activities, students’ thinking skills, indigenous
education, and lesson study. She can be contacted via email: rifati.fkip@unej.ac.id.

Lilia Halim © B4 B3 € is a Professor of Science Education, Faculty of Education, Universiti
Kebangsaan Malaysia. Her research provides the pre-service teacher and higher education
topics. She is interested to study the pedagogical content knowledge and scientific literacy.
She can be contacted via email: lilia@ukm.edu.my.

Relationship of TPACK, motivation, self-regulation, and learning performance on ... (M. Anas Thohir)


mailto:rifati.fkip@unej.ac.id
https://orcid.org/0000-0002-4865-253X
https://scholar.google.com/citations?user=ARtCsrAAAAAJ&hl=id
https://www.webofscience.com/wos/author/record/356332
https://orcid.org/0000-0003-1169-8806
https://scholar.google.com/citations?user=E0Lc0gYAAAAJ&hl=id&oi=ao
https://www.scopus.com/authid/detail.uri?authorId=57221663849
https://www.webofscience.com/wos/author/record/2278913
https://orcid.org/0000-0001-5860-1202
https://scholar.google.com/citations?user=v7dasG0AAAAJ&hl=id&oi=ao
https://www.webofscience.com/wos/author/record/590886
https://orcid.org/0000-0003-2746-2021
https://scholar.google.com/citations?user=3BxlaJ4AAAAJ&hl=id&oi=ao
https://www.scopus.com/authid/detail.uri?authorId=14624924300
https://www.webofscience.com/wos/author/record/1254912

