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Purpose: Students and educators benefit
tremendously from using ICT in educational
systems. Education, like all other areas of human
endeavor, has been affected by the accelerated
development of technology. Every day, an increasing
number of technological applications are utilized in
education. Multimedia technology is one of these
technologies. This study aimed to determine which
teaching strategies teachers and pupils in Indonesia
would find most beneficial. Objective: The primary
objective was identifying numerous "Multimedia
Learning Sources" that could help secondary school
teachers improve their learning and instructing
techniques. Methodology: The research was
conducted using a quantitative method approach.
There was a cross-sectional survey conducted.
The research population consisted of 100 teachers
from Indonesia selected at random. The survey
was distributed offline as opposed to online.

Findings: The findings indicate that the efficacy of multimedia sources has a substantial and positive
impact on teacher and student learning. However, training accessibility does not moderate the
relationship between student and instructor learning and multimedia effectiveness. Implications for
Research and Practice: This study demonstrates that economies like Indonesia must develop new
strategies to encourage innovation-related active learning.

© 2022 Ani Publishing Ltd. All rights reserved.

1 Study Program of Non Formal Education, Universitas Sultan Ageng Tirtayasa, Serang, Banten, Indonesia. Email:

suherman@untirta.ac.id



mailto:suherman@untirta.ac.id

Suherman / Eurasian Journal of Educational Research 101 (2022) 237-252 238

1. Introduction

Technology has become an integral component of our daily existence. In the twenty-
first century, it has stimulated innovations in all fields of research, including biomedical,
healthcare, education, etc. (Septiani & Rejekiningsih, 2020). This development has altered
and enriched our lives in numerous ways. It has introduced several novel approaches to
learning and teaching. Efforts to foster interactive technologies have resulted in
"educational innovations," also called "creative innovations." They include cognitive
tutoring systems, computer-based instruction, computer-mediated and assisted
assessment, and computer-based instruction (Septiani & Rejekiningsih, 2020). In this digital
age, these innovations, developments, and ideas ensure that new high levels of learning
processes and interactions have been introduced to motivate and promote meaningful
communication and surmount insufficient and meaningless learning processes (Henukh,
Rosdianto, & Oikawa, 2020). Therefore, it is difficult for students to adapt to this complex,
content-rich learning environment (Sintawati & Abdurrahman, 2020). It has been observed
that students have difficulty assimilating the vast quantity of database content.
Additionally, technology has altered students' expectations in that they anticipate similar
standards to be incorporated into their coursework. It raises several questions, including
how teachers will train students using technology and how technology can benefit teachers
(Kumala et al., 2021).

Regarding learning resources, print textbooks have traditionally been regarded as the
standard reference for students. These textbooks are well-organized and exhaustive
because they cover numerous topics (Laksana, Dasna, & Degeng, 2019). Moreover, static
textbooks are difficult to personalize. In addition, they fail to demonstrate the overlaps
between disciplines. However, the information supplied by textbooks is limited and does
not cover scientific advancements (Lai, Chen, & Lee, 2019). In addition, innovations and
developments are not typically covered in textbooks. Informatics addresses those
requirements that cannot be met through textbooks.

Informatics provides students with current information. This information is
disseminated through online services (Alobaid, 2020). With time, however, a new
vocabulary emerged. E-learning, E-education, E-libraries, E-books, and E-laboratories
received considerable attention. This initial is commonly associated with digital electronic
technology.

Regarding ICT, it has been observed that Indonesia has a lengthy history in this area.
Educational radio and television are government-sponsored initiatives designed to
disseminate information to all educational institutions (Maria, Rusilowati, & Hardyanto,
2019). This is done primarily to optimize the use of technology in education for the learning
processes. In addition, the lack of immediate feedback is regarded as the primary flaw of
television and radio broadcasts.

In terms of information transmission, a medium of Information and Communication is
utilized. Information and Communication Technology levels are used to teach and
facilitate education (Ndihokubwayo, Uwamahoro, & Ndayambaje, 2020). Information and
Communication Technology is regarded as cutting-edge technology due to its evolution in
size, shape, capacity, speed, etc. Several educational institutions have developed numerous
information and communication technology processes to support the learning processes in
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the current era of technological advancement (Lai et al., 2019). In this case, one of the most
prominent examples is macro flash animation media. This innovation has increased
students' motivation (Laksana et al., 2019). This study is relevant, however, due to the
continuous development and advancement of global trends and automated design systems
in the digital transformation of production at all levels (Mulyadi, Atmazaki, & Syahrul,
2019). Integration, one of the fundamental principles of education, is a crucial element in
ensuring development quality. Such techniques are typically mastered by students
pursuing technical specializations.

This study indicates that nations like Indonesia must develop new techniques and
strategies to promote innovation-related learning processes. Information and
communication technology is highly regarded as a means to optimize, foster, enhance, and
support knowledge acquisition in Indonesia (Sartono, Ambarsari, & Herwin, 2022).
Consequently, the primary objective of this article is to identify "Multimedia Learning
Sources" that can support instructors' learning and teaching processes in secondary
education. In addition, this study aims to examine the beneficial learning processes for
Indonesian students and instructors.

2. Literature Review
2.1. Effectiveness of Multimedia Sources and Teacher Learning

The multimedia learning approach is a new method for motivating students to
comprehend teachings through images, audio, and animation (Lai et al., 2019). Text
comprehension and vocabulary knowledge comprise the two components of the reading
comprehension process (Alobaid, 2020). Multimedia learning can help students learn new
vocabulary and apply prior knowledge to comprehend the text (Werdiningsih, Triyono, &
Majid, 2019). Furthermore, this approach to learning can increase motivation and help
develop a more sophisticated learning process. The term multimedia learning is typically
associated with technology (So, Chen, & Wan, 2019). Multimedia is, however, very effective
in education. It provides educational convenience and accessibility.

Additionally, it facilitates students in acquiring new information of all types
(Makransky & Mayer, 2022). Moreover, as a result of the fact that ICT learning processes
enable learning practices with this benefit, facilitators and students add one place.
Educators frequently employ conventional teaching methods. Typically, textbooks consist
of textual and written material that includes descriptions. Numerous studies have
elucidated multimedia technologies' significance in spreading knowledge about
multimedia tools (Rahimi & Allahyari, 2019). The ability to stimulate students' interest in
learning processes, the capacity to present all types of information in a constrained amount
of time, and the capacity to transform abstract into concrete content are among the most
significant advantages of multimedia applications for learning and teaching practices
(Oladejo, Akinola, & Nwaboku, 2021). These learning initiatives are intended to facilitate
the adoption of simulations, virtual reality, and laboratory learning. In light of this, it is
possible to assert that multimedia sources are highly effective for teacher education.

Hence, it can be concluded:

H1: The effectiveness of multimedia sources has a positive impact on teacher learning



Suherman / Eurasian Journal of Educational Research 101 (2022) 237-252 240

2.2. Effectiveness of Multimedia Sources and Student Learning

Multimedia resources facilitate and facilitate education. This innovation has increased
students' motivation (Laksana et al., 2019). This study is relevant, however, due to the
continuous development and advancement of global trends and automated design systems
in the digital transformation of production at all levels (Mulyadi et al., 2019). Integration,
one of the fundamental principles of education, is a crucial element in ensuring
development quality (Shunkov et al., 2022). Students of technical specializations typically
master these techniques as they begin to study them. Multimedia affords students the
opportunity and aids them in working independently.

Additionally, it allows students to focus on any subject they desire (Maraza-Quispe et
al., 2022). In addition, multimedia enhances the quality and authenticity of instruction and
learning. Multimedia conveys messages to recipients in multiple forms and provides
students with a rich learning environment. Students are provided with information
through various mediums or options, including visuals, audio, video, and animation (Kao
& Luo, 2020). It has a positive outcome because it provides authentic results and assists
students in achieving success (Makransky & Mayer, 2022). Multimedia creates a realistic
and economic environment in education.

Additionally, multimedia contributes to education by assisting students to achieve
tremendous academic success (Chen, 2020). Multimedia effects positively impact the
quality of academic careers and education if properly designed and distinct from
traditional instructions and methods (Alpizar, Adesope, & Wong, 2020). The relationship
between the efficacy of multimedia sources and student learning is positive.

Hence, it can be concluded:
H2: The effectiveness of multimedia sources has a positive impact on student learning

2.3. Effectiveness of Multimedia Sources, Access to Training, and Teacher
Learning

Employees' perceptions regarding their participation in organizational training and
the likelihood of this happening are called "Access to training." The perceptions of
employees are based on anxiety and objective selection criteria. It involves multiple
hypotheses, including whether or not to participate in organizational training programs.
Different types of training programs are determined by simple philosophical principles
(Tangirov, Jomurodov, & Murodkasimova, 2021). Employees are typically assigned to
training programs if they perform adequately. Typically, department managers evaluate
the performance of employees before assigning them duties. Training processes typically
do not serve the purpose of organizational training, but they are appealing because they
are inexpensive and time-efficient (Roemintoyo et al., 2022). However, access to training
is crucial because it affects teacher education. Numerous empirical and theoretical
studies have supported this view, which asserts that teachers' access to training is the
most critical factor in promoting teaching and the learning process of teachers (Lawson
& Mayer, 2021). Learning and teaching practices that involve the ability to stimulate
students' interest in learning processes, the ability to present all types of information in
a limited amount of time, and the ability to transform abstract content into concrete
content are very advantageous in terms of multimedia application (Gallagher, 2019).
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Therefore, multimedia materials can be regarded as highly effective for teacher
education. Moreover, instructors can only be successful if they have access to training.
This implies that multimedia resources can only be effective if instructors have access to
training.

Hence, it can be concluded:

H3: Access to Training acts as a moderator between the Effectiveness of Multimedia Sources and
Teacher Learning

2.4. Effectiveness of Multimedia Sources, Access to Training and Student
Learning

Multimedia is designed for learning processes to construct mental representations
from images and words in multiple contexts (Becker et al., 2020). They are intended to
facilitate student learning with instruments applicable to classroom, presentation, and
laboratory settings. Typically, the cognitive theory of multimedia learning is used to
comprehend multimedia processes that posit various assumptions to define the
learning methods (Subaidi bin Abdul Samat & Aziz, 2020). Perceptions of access to
instruction refer to probabilities. It is a significant factor that positively influences
commitment (Bereczki & Karpati, 2021), enabling access to various training
opportunities and activities. Since multimedia allows students to work independently,
it facilitates their learning. It also permits students to concentrate on any subject they
choose (Fissore, Marchisio, & Rabellino, 2020). In addition, multimedia enhances the
authenticity and quality of instruction and learning. Multimedia conveys messages to
recipients in diverse ways and provides students with a diverse learning environment
(Abdulrahaman et al., 2020). However, multimedia sources are not utilized if students
do not have access to instruction (Lauc, Jagodic, & Bistrovic¢, 2020). Access to training
can be interpreted as a moderator between the efficacy of multimedia sources and
student learning.

Hence, it can be concluded:

H4: Access to Training acts as a moderator between the Effectiveness of Multimedia Sources and
Student Learning

2.5. Theoretical Framework

The cognitive theory of multimedia discusses the process of comprehension via
multiple media. This theory proposes that learners make meaningful connections
between photographs and words by employing a cognitive theory-based psychological
characteristic (Almasseri & AlHojailan, 2019). It has also been observed that the
primary objective of multimedia instruction is to assist students in constructing
reasonable and logical mental representations of the information provided. The learner
must ensure that new information is present (de Mufioz & Letouze, 2022). It has also
been suggested that the multimedia learning concept relates to the dual coding theory
because both theories help instructors and students improve their cognitive processes
to comprehend things (Chau et al., 2019). Despite this, this paradigm was created using
this theoretical evidence. The model described below assures that a positive
relationship exists between these variables.
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Figure 1 - Theoretical Framework
3. Methodology

A quantitative method approach was utilized (McFadden, 2021). Before disseminating
the questionnaire to the intended audience, the researchers created a questionnaire. To
address the research objectives, an appropriate questionnaire was developed. It was
intended to evaluate the perceptions of secondary school teachers using various ICT tools
(Bloomfield & Fisher, 2019). The development of a cross-sectional survey is documented.
The questionnaire was constructed using a 5-point Likert scale from 1 to 5. Strongly
disagree to concur vehemently. 100 teacher from Indonesia was chosen randomly as a
representative sample for the research. The sample responded to the queries based on their
perspectives. In addition, the survey was distributed manually rather than online.

The questionnaire was divided into two sections: demographic questions and study
variables. The scales for the effectiveness of multimedia sources, access to training, Teacher
learning, and Student learning were adapted from previous studies. The procedure by
which the researcher collects data is known as data collection. The research query was
distributed to 130 educators. The participants were given one week to complete the
questionnaire, and they volunteered for this study. However, only a minority of
respondents completed them, and several questionnaires were missing data. Only 100
responses were obtained for data analysis in the end. SPSS version 22 was designed to
capture data for further study analysis. Both descriptive and inferential analyses were
conducted in this regard. The researchers employed descriptive analysis to determine the
proportion and frequency of the population to its demographic background.

Additionally, analyzing the frequency, standard deviation, mean, and the percentage
was helpful (Alam, 2021). In addition, for the research findings, inferential statistics were
employed. This paper examines the impact of e-learning on students' expectations and
perceptions of e-learning. In addition, the significance of training in practical skills has been
demonstrated by employing teachers' professional expertise. Individual factors influencing
the learning process are analyzed. The effectiveness of multimedia sources on student and
teacher learning has been evaluated by retaining moderator training. It is required to
ensure that the research has been extracted ethically from journals and relevant studies
(Suri, 2020). Due to society's expectation that research be conducted with great care, the
study needed to be conducted ethically. Not only that but the research's credibility is also
maintained with greater care (Wu, Gong, & Luo, 2021). However, ethical principles and
guidelines were adhered to and maintained throughout the research. The research
complied with all ethical considerations (Sloman et al., 2019). The respondents' privacy was
also considered and treated with respect; no personal information was compromised
(Fiesler, 2019). Everything was kept in strict confidence. Therefore, this research assures
the privacy and confidentiality of literature and peer-reviewed research articles.
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4. Results
4.1 Demographic background

Tabulated in Table 1 are the demographic characteristics of the respondents, broken
down by gender, age, and years of experience. The total sample size was 312 responses,
with 52.5% male respondents and 47.8% female. The respondents' age was also considered
as a demographic factor. 24.0% of the participants were under 25, followed by the group
"36 to 30 years" with 29.2% and the group "31 to 35 years" with 31.1%. Finally, 15.7% of the
sample consisted of respondents older than 35. In addition to demographic information,
participant experiences are included in the demographic data. 11.9% of the individuals had
less than two years of experience. The plurality of respondents, or 43.6%, had experienced
between two and five years. 33.3 % of all years were between 5 and 8 years. In addition,
11.2% of the participants had more than eight years of experience.

Table 1
Demographic data
Frequency Percent Cumulative Percent
Gender Male 163 52.2 52.2
Female 149 47.8 100.0
Total 312 100.0
Age Less than 25Y 75 24.0 24.0
26 to 30Y 91 29.2 53.2
31 to 35Y 97 31.1 84.3
More than 35Y 49 15.7 100.0
Total 312 100.0
Experience Less than 2 Years 37 11.9 11.9
2 to 5 years 136 43.6 55.4
5 to 8 years 104 33.3 88.8
More Than 8 years 35 11.2 100.0
Total 312 100.0

4.2 Descriptive Summary

Table 2 depicts a descriptive summary of the study's methodology. The descriptive
analysis provides summary statistics for the variables that can be used to assess response
orientation, normality, outlier detection, and missing values. Responses were tabulated on
a 5-point Likert scale, where 1 was the lowest response and 5 was the highest, so the dataset
was devoid of any outliers.

Table 2
Descriptive Statistics
N Minimum Maximum Mean Std. Deviation Skewness
Statistic =~ Statistic =~ Statistic ~ Statistic Statistic Statistic  Std. Error
ACT 312 1.00 5.00 3.5203 1.08793 -.632 138
MME 312 113 5.00 3.4916 95164 -.661 138
SL 312 1.29 5.00 3.4364 90322 -474 138
TL 312 1.00 5.00 3.3141 1.05513 -.375 138

Valid N (listwise) 312
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4.3 Factor Loadings

Below is a rotated component matrix displaying the factor loadings for each survey
item, utilisation of Kaiser normalization, and the computer varimax rotation method (Acal,
Aguilera, & Escabias, 2020). On the advice of previous researchers, a factor loading greater
than 0.5 is preferable. ACT, Mme, SL, and TL have respective mean values of 3.5203, 3.4916,
3.4364, and 3.3141. In addition, there must be no cross-loading. As shown in Table 3,
Bartlett's test was statistically significant (p=0.000), demonstrating no relationship between
the items among the various included components that would lead to constructing an
identity matrix.

Table 3

KMO & Bartlett test
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. 923
Approx. Chi-Square 5758.594
Bartlett's Test of Sphericity df 300
Sig. .000

Table 4

Component Matrix

Rotated Component Matrix?

Component

ACT1 .692
ACT2 718
ACT3 .725
MME1 .665
MME2 741
MME3 .749
MME4 716
MMES5 719
MME6 .743
MME?7 739
MMES8 731

SL1 772

SL2 817

SL3 .809

SL4 .764

SL5 .757

SL6 775

SL7 817

TL1 797

TL2 .539

TL3 .601

TL4 .637

TL5 .650

TL6 .631

TL7 .667
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4.4 Validity Analysis

Convergent validity, evaluated using average variance and composite reliability, is
utilized to determine the uniformity of the internal scale. Each variable's CR value exceeds
0.7, indicating the data's precision and consistency.

Table 5

Reliability & Validity Test
CR AVE MSV MaxRH) ACTR STDLR TCLR MULME
ACTR 0876 0.701 0.827 0.882 0.838
STDLR 0.800 0.382 0.665 0.856 0.657***  0.618
TCLR 0911 0.596 0.697 0.915 0.739*** 0.816***  0.772
MULME 0.879 0486 0.827 0.901 0.909***  0.744**  0.835*** 0.697

4.5 Confirmatory factor analysis

CFA was used to ascertain the goodness of fit. The variables in Table 6 were utilized to
evaluate the model's viability. The ranges matched the criterion range, demonstrating the
accuracy of the measurement model depicted in Figure 1.

Table 6
Model fitness
Model fitness indices Threshold Range Observed Value
CMIN/df Less than 5 3.568
GFI Equal to or more than 0.8 .814
IFI Equal to or more than 0.9 .885
CFI Equal to or more than 0.9 .884
RMSEA Less than 0.08 .09

Figure 1: CFA

4.6 Structural Equation modeling

Evaluation of the hypothesis was conducted using structural equation modeling. With
a p-value of 0.007, the influence of MME on SL is significant. With a p-value of 0.013, the
association between Mme and TL is also significant. ACT between MME and TL and ACT
between Mme and SL have non-significant associations with p-values of 0.32 and 0.65,
respectively.
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Table 7
Standardized Regression Weights
Parameter Estimate Lower Upper P
SL <--- MME .638 .584 704 .007
TL <--- MME 742 .683 .788 013
ZTL <--- ZMMEXACT -.288 -751 .203 323
ZSL <--- ZMMEXACT 215 -.386 .617 .659
5 .
4.5 -
4 4
= 35 - Moderator
3 —o—Low ACT
2.5 1 High ACT
2 4
1.5 A
1
Low MME High MME

ACT strengthens the positive relationship between MME and SL.

4.5 -

—
=35 1 Moderator
3 - —o—Low ACT

2.5 1 High ACT

1.5

Low MME High MME
ACT dampens the positive relationship between MME and TL.

5. Discussion and Conclusion

This research also analyzed the most beneficial teaching strategies for Indonesian
students and teachers. According to the findings, the impact of multimedia sources on
teacher and student learning is substantial and positive. While access to training does not
moderate the relationship between multimedia efficacy and teacher learning, it does
moderate the relationship between multimedia effectiveness and student learning.
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Multimedia innovation, which focuses on how information can be electronically
transmitted and displayed through various mediums, including written, audible, and
visual, is a crucial aspect of ICT (Guan, Song, & Li, 2018). According to Abdulrahaman et
al. (2020), incorporating diverse media elements in multimedia or virtual classroom
resources allows students to develop effective cognitive structures that support data
management. Digital educational resources provide content consisting of information and
often learning exercises using a combination of text, images, videos, and audio. The
structure and complexity of multimedia apps used in a lecture or for curriculum and
instruction should be flexible enough to combine multiple cognitive skills to achieve the
best instructor replication. On the contrary, Aljazzaf (2020) asserts that multimedia
technology unquestionably enhances teaching and learning, but there are a few limitations
on how this innovation can be implemented in the classroom. These constraints include
undesirable code or user interactions, a lack of resources, necessary skills and expertise,
time constraints, and costly service fees. Eye-tracking was utilized by Molina et al. (2018)
to determine how proficient elementary school students utilized multimedia. To
comprehend the thought patterns of pupils during learning and how they interpret the
learning material, some researchers have combined verbal statistics and eye-tracking data
(Stark, Briinken, & Park, 2018). As education continues to advance, Subaidi bin Abdul
Samat and Aziz (2020) found that using technology in the classroom is a wonderful way to
engage students, particularly in reading. This strategy can be viewed as an evolutionary
method for supporting the fourth industrialization and the learning process. According to
research indicating that incorporating technology into the classroom helps students learn
languages more effectively, their demand is on the rise.

In addition, the variety of components used in multimedia instruction can accelerate
comprehension and increase student motivation. Multimedia learning is frequently
associated with technology use in educational contexts, and as technology advances,
multimedia integration must become more straightforward and all-encompassing. Ilhan
and Oruc (2016) noted that multimedia is fruitful for learning. Multimedia in education
provides convenience and facilities. Students could retain new information due to the use
of multimedia in the classroom.

In comparison to traditional learning, the use of multimedia in the classroom improves
students' academic performance. When properly implemented, the use of multimedia in
the classroom has a positive effect on academic achievement compared to traditional
learning. Interactive multimedia is a credible alternative to traditional classroom settings,
according to Rachmadtullah, Ms, and Sumantri (2018), who note that learning
methodologies created and developed to support and increase student enthusiasm for
learning make interactive multimedia a credible replacement learning medium.
Comparing learning through interactive multimedia to traditional teaching methods that
may lack such involvement, interactive multimedia offers effective instructor-student
dialogue. De Sousa, Richter, and Nel (2017) asserted that when students have access to
multimedia learning resources, either individually or in groups, they can take charge of
their education and promote learning at a pace and in a manner that suits their needs and
preferences. Teachers in higher education are under pressure to create more effective
learning environments and academic experiences for their students. Teachers have been
focusing on adopting appropriate learning environments to enhance student learning. The
prevalence of multimedia lectures in classrooms is increasing.
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According to the findings, there was no association between access to training and
outcomes. According to Assadi, Murad, and Khalil (2019), instructors' commitment to
excellent practices is strengthened when they serve as trainers for undergraduates and
receive the appropriate faculty support. According to Zhaparova et al. (2016), the
development and availability of new training technologies are urgently required to digitize
learning to consolidate students' activities into a singular learning environment while
simultaneously improving educational standards. One type of such product is multimedia
training aids. Due to the lack of future teachers who have access to the multimedia learning
programs necessary for the effective realization of the educational, developmental, and
pedagogical goals of the student's academic method, there is a social demand for teachers
who can effectively carry out their respective tasks within the informatization of learning.

The primary objective was to identify several "Multimedia Learning Sources" that may
assist secondary school instructors in enhancing their learning and teaching practices. This
research also examined the most beneficial teaching techniques for Indonesian students
and teachers. The findings demonstrated that the effectiveness of multimedia sources has
a significant and positive influence on both teacher and student learning. At the same time,
the moderating effect was not statistically significant.

Implications

The primary advantages of this study are, on the one hand, the novel approach used to
investigate the recommendations provided by aspiring instructors. This topic has received
little prior research. It will facilitate the approval of prospective teachers' suggestions for
enhancing educational research, training, and technology used by higher education's
accountable regulators and educational practitioners.

Limitations and Future Recommendations

Despite the presence of notable authors and works, the extant body of literature on the topic still
requires additional study and evaluation. Selecting and developing curriculum content that takes
advantage of modern technologies is crucial. The technical foundation of schools should be bolstered,
and schools should be designed to accommodate multimedia use. Teachers could engage their
students more in the learning process by allowing them to create multimedia materials.

References

Abdulrahaman, M. D., Faruk, N., Oloyede, A. A., Surajudeen-Bakinde, N. T., Olawoyin, L.
A., Mejabi, O. V., Imam-Fulani, Y. O., Fahm, A. O., & Azeez, A. L. (2020).
Multimedia tools in the teaching and learning processes: A systematic review.
Heliyon, 6(11), e05312. https:/ /doi.org/10.1016/.heliyon.2020.e05312

Acal, C., Aguilera, A. M., & Escabias, M. (2020). New modeling approaches based on
varimax rotation of functional principal components. Mathematics, 8(11), 2085.
https:/ /doi.org/10.3390/ math8112085

Alam, M. K. (2021). A systematic qualitative case study: questions, data collection, NVivo
analysis and saturation. Qualitative Research in Organizations and Management: An
International Journal, 16(1), 1-31. https://doi.org/10.1108/ OROM-09-2019-1825

Aljazzaf, Z. (2020). Factors influencing the use of multimedia technologies in teaching
English language in Kuwait. International Journal of Emerging Technologies in
Learning (iJET), 15(5), 212-234. https:/ /doi.org/10.3991 /ijet.v15i05.12277



https://doi.org/10.1016/j.heliyon.2020.e05312
https://doi.org/10.3390/math8112085
https://doi.org/10.1108/QROM-09-2019-1825
https://doi.org/10.3991/ijet.v15i05.12277

Suherman / Eurasian Journal of Educational Research 101 (2022) 237-252 | 249

Almasseri, M., & AlHojailan, M. 1. (2019). How flipped learning based on the cognitive
theory of multimedia learning affects students' academic achievements. Journal of
Computer Assisted Learning, 35(6), 769-781. https:/ /doi.org/10.1111/jcal. 12386

Alobaid, A. (2020). Smart multimedia learning of ICT: role and impact on language
learners” writing fluency —YouTube online English learning resources as an
example. Smart Learning Environments, 7(1), 24. https://doi.org/10.1186/s40561-
020-00134-7

Alpizar, D., Adesope, O. O., & Wong, R. M. (2020). A meta-analysis of signaling principle
in multimedia learning environments. Educational Technology Research and
Development, 68, 2095-2119. https:/ /doi.org/10.1007/s11423-020-09748-7

Assadi, N., Murad, T., & Khalil, M. (2019). Training teachers' perspectives of the
effectiveness of the" academy-class" training model on trainees' professional
development. Theory and Practice in Language Studies, 9(2), 137-145.
http:/ /dx.doi.org/10.17507 / tpls.0902.03

Becker, S., Klein, P., Goflling, A., & Kuhn, J. (2020). Using mobile devices to enhance
inquiry-based learning processes. Learning and Instruction, 69, 101350.
https:/ /doi.org/10.1016 /j.learninstruc.2020.101350

Bereczki, E. O., & Karpati, A. (2021). Technology-enhanced creativity: A multiple case study of
digital technology-integration expert teachers’ beliefs and practices. Thinking Skills and
Creativity, 39, 100791. https:/ /doi.org/10.1016/].tsc.2021.100791

Bloomfield, J., & Fisher, M. ]. (2019). Quantitative research design. Journal of the Australasian
Rehabilitation Nurses Association, 22(2), 27-30. http:/ / dx.doi.org/10.33235/jarna.22.2.27-30

Chau, K. T., Yahaya, W. A. J. W,, Letchumanan, M., & Ping, F. (2019). Extending physical
multimedia learning with cognitive theory of multimedia learning. In 2019 IEEE
4th International Conference on Signal and Image Processing (ICSIP) (pp. 777-781).
IEEE. https:/ /doi.org/10.1109/SIPROCESS.2019.8868372

Chen, C.-H. (2020). Impacts of augmented reality and a digital game on students’ science learning
with reflection prompts in multimedia learning. Educational Technology Research and
Development, 68(6), 3057-3076. https:/ /doi.org/10.1007/s11423-020-09834-w

de Murfioz, J. H. O., & Letouze, P. (2022). Some considerations on the principles of
the Cognitive Theory of Multimedia Learning for instructional video design
for the elderly. Research, Society and Development, 11(10), e499111032333.
https:/ /doi.org/10.33448 /rsd-v11i10.32333

De Sousa, L., Richter, B., & Nel, C. (2017). The effect of multimedia use on the teaching and
learning of Social Sciences at tertiary level: A case study. Yesterday and Today, (17),
1-22. http:/ /dx.doi.org/10.17159/2223-0386 /2017 /n17al

Fiesler, C. (2019). Ethical considerations for research involving (speculative) public
data. Proceedings of the ACM on Human-Computer Interaction, 3(GROUP), 1-13.
https://doi.org/10.1145/3491102.3502118

Fissore, C., Marchisio, M., & Rabellino, S. (2020). Secondary school teacher support and
training for online teaching during the covid-19 pandemic. EDEN Conference
Proceedings, (1), 311-320. https://doi.org/10.38069 / edenconf-2020-ac0029

Gallagher, C. (2019). The use of a multimedia case to prepare classroom teachers
of emergent bilinguals. Teaching and Teacher Education, 84, 17-29.
https:/ /doi.org/10.1016 /j.tate.2019.04.011

Guan, N,, Song, J,, & Li, D. (2018). On the advantages of computer multimedia-aided English teaching,
Procedia computer science, 131, 727-732. https:/ /doi.org/10.1016 /j.procs.2018.04.317



https://doi.org/10.1111/jcal.12386
https://doi.org/10.1186/s40561-020-00134-7
https://doi.org/10.1186/s40561-020-00134-7
https://doi.org/10.1007/s11423-020-09748-7
http://dx.doi.org/10.17507/tpls.0902.03
https://doi.org/10.1016/j.learninstruc.2020.101350
https://doi.org/10.1016/j.tsc.2021.100791
http://dx.doi.org/10.33235/jarna.22.2.27-30
https://doi.org/10.1109/SIPROCESS.2019.8868372
https://doi.org/10.1007/s11423-020-09834-w
https://doi.org/10.33448/rsd-v11i10.32333
http://dx.doi.org/10.17159/2223-0386/2017/n17a1
https://doi.org/10.1145/3491102.3502118
https://doi.org/10.38069/edenconf-2020-ac0029
https://doi.org/10.1016/j.tate.2019.04.011
https://doi.org/10.1016/j.procs.2018.04.317

Suherman / Eurasian Journal of Educational Research 101 (2022) 237-252 | 250

Henukh, A., Rosdianto, H., & Oikawa, S. (2020). Implementation of Google Classroom
as Multimedia Learning. JIPF (Jurnal Ilmu Pendidikan Fisika), 5(1), 38-44.
https:/ /dx.doi.org/10.26737 /jipf.v5i1.1539

IThan, G. O., & Oruc, S. (2016). Effect of the Use of Multimedia on Students' Performance:
A Case Study of Social Studies Class. Educational Research and Reviews, 11(8), 877-
882. https:/ /doi.org/10.5897/ ERR2016.2741

Kao, C.-C, & Luo, Y.-J. (2020). Effects of multimedia-assisted learning on learning
behaviors and student knowledge in physical education lessons: using basketball
game recording as an example. International Journal of Emerging Technologies in
Learning (iJET), 15(1), 119-139. https:/ /doi.org/10.3991 /ijet.v15i01.11393

Kumala, F. N., Ghufron, A., Astuti, P. P., Crismonika, M., Hudha, M. N., & Nita, C. I. R.
(2021). MDLC model for developing multimedia e-learning on energy concept for
primary school students. Journal of Physics: Conference Series, 1869(1), 012068.
https://doi.org/10.1088/1742-6596/1869/1/012068

Lai, A. F., Chen, C. H.,, & Lee, G. Y. (2019). An augmented reality-based learning approach
to enhancing students’ science reading performances from the perspective of the
cognitive load theory. British Journal of Educational Technology, 50(1), 232-247.
https://doi.org/10.1111/bjet.12716

Laksana, D. N. L., Dasna, I. W., & Degeng, 1. (2019). The Effects of Inquiry-Based Learning
and Learning Styles on Primary School Students' Conceptual Understanding in
Multimedia Learning Environment. Journal of Baltic Science Education, 18(1), 51-62.
http:/ /dx.doi.org/10.33225/ibse/19.18.51

Lauc, T, Jagodi¢, G., & Bistrovic, J. (2020). Effects of Multimedia Instructional Message on Motivation
and Academic Performance of Elementary School Students in Croatia. International Journal
of Instruction, 13(4), 491-508. https:/ / doi.org/10.29333 /iji.2020.13431a

Lawson, A. P., & Mayer, R. E. (2021). The power of voice to convey emotion in multimedia
instructional messages. International Journal of Artificial Intelligence in Education, 1-
20. https:/ /doi.org/10.1007 / s40593-021-00282-y

Makransky, G., & Mayer, R. E. (2022). Benefits of taking a virtual field trip in immersive
virtual reality: Evidence for the immersion principle in multimedia learning.
Educational Psychology Review, 34(3), 1771-1798. https://doi.org/10.1007/s10648-
022-09675-4

Maraza-Quispe, B., Alejandro-Oviedo, O., Fernandez-Gambarini, W., Cuadros-Paz, L.,
Choquehuanca-Quispe, W., & Rodriguez-Zayra, E. (2022). Analysis of the
cognitive load produced by the use of subtitles in multimedia educational
material and its relationship with learning. International Journal of Information and
Education Technology, 12(8), 732-740. http://www.ijiet.org/vol12/1678-I]IET-
4722.pdf

Maria, U., Rusilowati, A., & Hardyanto, W. (2019). Interactive multimedia development in the
learning process of Indonesian culture introduction theme for 5-6 year old children.
Journal of Primary Education, 8(3), 344-353. https:/ /doi.org/10.15294 /jpe.v8i3.27929

McFadden, D. (2021). Quantitative methods for analysing travel behaviour of individuals:
some recent developments. In Behavioural travel modelling (pp. 279-318).
Routledge. https:/ /doi.org/10.4324/9781003156055-18

Molina, A. 1., Navarro, O., Ortega, M., & Lacruz, M. (2018). Evaluating multimedia learning
materials in primary education using eye tracking. Computer Standards &
Interfaces, 59, 45-60. https:/ /doi.org/10.1016/].csi.2018.02.004



https://dx.doi.org/10.26737/jipf.v5i1.1539
https://doi.org/10.5897/ERR2016.2741
https://doi.org/10.3991/ijet.v15i01.11393
https://doi.org/10.1088/1742-6596/1869/1/012068
https://doi.org/10.1111/bjet.12716
http://dx.doi.org/10.33225/jbse/19.18.51
https://doi.org/10.29333/iji.2020.13431a
https://doi.org/10.1007/s40593-021-00282-y
https://doi.org/10.1007/s10648-022-09675-4
https://doi.org/10.1007/s10648-022-09675-4
http://www.ijiet.org/vol12/1678-IJIET-4722.pdf
http://www.ijiet.org/vol12/1678-IJIET-4722.pdf
https://doi.org/10.15294/jpe.v8i3.27929
https://doi.org/10.4324/9781003156055-18
https://doi.org/10.1016/j.csi.2018.02.004

Suherman / Eurasian Journal of Educational Research 101 (2022) 237-252 251

Mulyadi, M., Atmazaki, A. & Syahrul, R. (2019). The Development of Interactive
Multimedia E-Module on Indonesia Language Course. In 1st International
Conference on Innovation in Education (IColE 2018) (pp. 291-295). Atlantis Press.
https:/ /doi.org/10.2991 /icoie-18.2019.65

Ndihokubwayo, K., Uwamahoro, J., & Ndayambaje, I. (2020). Effectiveness of PhET
simulations and YouTube videos to improve the learning of optics in Rwandan
secondary schools. African Journal of Research in Mathematics, Science and Technology
Education, 24(2), 253-265. https:/ /doi.org/10.1080/18117295.2020.1818042

Oladejo, A. 1., Akinola, V. O., & Nwaboku, N. C. (2021). Teaching Chemistry
with Computer Simulation: Would Senior School Students Perform
Better. Crawford journal of multidisciplinary research, 2(2), 16-32.
https:/ /www.researchgate.net/ profile/ Victor-Akinola/ publication /359620551

Rachmadtullah, R., Ms, Z., & Sumantri, M. S. (2018). Development of computer-based
interactive multimedia: study on learning in elementary education. Int. |. Eng.
Technol, 7(4), 2035-2038. http://dx.doi.org/10.14419/ijet.v7i4.16384

Rahimi, M., & Allahyari, A. (2019). Effects of multimedia learning combined with strategy-
based instruction on vocabulary learning and strategy use. Sage Open, 9(2).
https:/ /doi.org/10.1177/2158244019844081

Roemintoyo, R., Miyono, N., Murniati, N. A. N., & Budiarto, M. K. (2022). Optimising the
Utilisation of Computer-Based Technology through Interactive Multimedia for
Entrepreneurship Learning. Cypriot Journal of Educational Sciences, 17(1), 105-119.
https:/ /doi.org/10.18844 / cies.v17i1.6686

Sartono, E., Ambarsari, R., & Herwin, H. (2022). Interactive Multimedia Based
on Indonesian Cultural Diversity in Civics Learning in Elementary
Schools. Cypriot Journal of Educational Sciences, 17(4), 1192-1203.
http:/ /dx.doi.org/10.18844 / cjes.v17i4.7136

Septiani, A.-n. N. S. I., & Rejekiningsih, T. (2020). Development of Interactive Multimedia
Learning Courseware to Strengthen Students' Character. European Journal of
Educational Research, 9(3), 1267-1280. https:/ /doi.org/10.12973 / eu-jer.9.3.1267

Shunkov, V., Shevtsova, O., Koval, V., Grygorenko, T., Yefymenko, L., Smolianko,
Y., & Kuchai, O. (2022). Prospective Directions of Using Multimedia
Technologies in the Training of Future Specialists. 22(6), 739-746.
https:/ /doi.org/10.22937 /IJCSNS.2022.22.6.93

Sintawati, M., & Abdurrahman, G. (2020). The effectiveness of blended learning to improve
pre-service teacher TPaCK in developing multimedia learning mathematics at
elementary school. Journal of Physics: Conference Series, 1521(3), 032014.
https://doi.org/10.1088/1742-6596 /1521 /3 /032014

Sloman, K. A., Bouyoucos, I. A., Brooks, E. J., & Sneddon, L. U. (2019). Ethical
considerations in fish research. Journal of Fish Biology, 94(4), 556-577.
https:/ /doi.org/10.1111/ifb.13946

So, W. W. M,, Chen, Y., & Wan, Z. H. (2019). Multimedia e-learning and self-regulated
science learning: A study of primary school learners’ experiences and
perceptions. Journal of Science Education and Technology, 28, 508-522.
https:/ /doi.org/10.1007 /s10956-019-09782-y

Stark, L., Briinken, R., & Park, B. (2018). Emotional text design in multimedia learning: A
mixed-methods study using eye tracking. Computers & Education, 120, 185-196.
https:/ /doi.org/10.1016/j.compedu.2018.02.003



https://doi.org/10.2991/icoie-18.2019.65
https://doi.org/10.1080/18117295.2020.1818042
https://www.researchgate.net/profile/Victor-Akinola/publication/359620551
http://dx.doi.org/10.14419/ijet.v7i4.16384
https://doi.org/10.1177/2158244019844081
https://doi.org/10.18844/cjes.v17i1.6686
http://dx.doi.org/10.18844/cjes.v17i4.7136
https://doi.org/10.12973/eu-jer.9.3.1267
https://doi.org/10.22937/IJCSNS.2022.22.6.93
https://doi.org/10.1088/1742-6596/1521/3/032014
https://doi.org/10.1111/jfb.13946
https://doi.org/10.1007/s10956-019-09782-y
https://doi.org/10.1016/j.compedu.2018.02.003

Suherman / Eurasian Journal of Educational Research 101 (2022) 237-252 | 252

Subaidi bin Abdul Samat, M., & Aziz, A. A. (2020). The effectiveness of multimedia learning in
enhancing reading comprehension among indigenous pupils. Arab World English Journal
(AWE]) Volume, 11. https:/ /dx.doi.org/10.2139/ssrn.3649324

Suri, H. (2020). Ethical considerations of conducting systematic reviews in educational
research. In Systematic reviews in educational research: Methodology, perspectives and
application (pp. 41-54). Springer VS, Wiesbaden. https://doi.org/10.1007/978-3-
658-27602-7 3

Tangirov, K. E., Jomurodov, D. M., & Murodkasimova, S. K. (2021). The importance of e-learning and
e-learning resources in individualized learning. Asian Journal of Multidimensional Research
(AJMR), 10(3), 464-469. http:/ / dx.doi.org/10.5958 /2278-4853.2021.00176.2

Werdiningsih, T., Triyono, M. B., & Majid, N. W. A. (2019). Interactive multimedia learning
based on mobile learning for computer assembling subject using the principle of
multimedia learning (Mayer). International Journal of Advanced Science and
Technology, 28(16), 711-719. https://www.researchgate.net/profile/Nuur-
Wachid-Abdul-Majid / publication/342158818

Wu, C, Gong, F., & Luo, Y. (2021). A new quantitative method to identify the crack damage
stress of rock using AE detection parameters. Bulletin of engineering geology and the
environment, 80, 519-531. https:/ /doi.org/10.1007/s10064-020-01932-6

Zhaparova, B., Schavalieva, Z., Kenenbaeva, M., Tleulesova, A., & Sakenov, ]J.
(2016). On Training Future Teachers for Use of Multimedia Training Tools.
Global Media Journal, (S2), 19. https://www.globalmediajournal.com/open-
access/ on-training-future-teachers-for-use-of-multimedia-training-tools.pdf



https://dx.doi.org/10.2139/ssrn.3649324
https://doi.org/10.1007/978-3-658-27602-7_3
https://doi.org/10.1007/978-3-658-27602-7_3
http://dx.doi.org/10.5958/2278-4853.2021.00176.2
https://www.researchgate.net/profile/Nuur-Wachid-Abdul-Majid/publication/342158818
https://www.researchgate.net/profile/Nuur-Wachid-Abdul-Majid/publication/342158818
https://doi.org/10.1007/s10064-020-01932-6
https://www.globalmediajournal.com/open-access/on-training-future-teachers-for-use-of-multimedia-training-tools.pdf
https://www.globalmediajournal.com/open-access/on-training-future-teachers-for-use-of-multimedia-training-tools.pdf

