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The use of website technology-based learning in physics learning has become an alternative method of choice to support 21st-centun
education. However, there is still no data study on this topic. The meta-analysis in this research examines the effectiveness of website
technology-based learning on students’ physics learning achievement. In this study, 15 primary studies from Scopus, ERIC, and Google
Scholar were collected that met the inclusion and exclusion criteria. The research results show that the use of website technology-base:
learning has a significant influence on students’ physics learning achievement. No publication bias was found in this study. So it can be
concluded that website technology-based learning has a good impact on students’ physics learning achievement.
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1. Introduction that necessitate the mastery of technological skills as part of
21st-century competencies.

Technology is becoming an important tool in 21st-century ed- Technological Pedagogical Content Knowledge
ucation [1]. The use of technology as a learning medium ha$TPACK) is a conceptual framework that integrates three
increased significantly [2,3]. Students are already familiarmain domains of knowledge-technology, pedagogy, and
with the use of technology in the teaching and learning procontent-to design and implement effective learning [13,14].
cess [4]. The spread of a good internet network is one of th& PACK emphasizes the importance of a deep understanding
drivers of innovation in the development of learning technol-of how technology can be used synergistically with appropri-
ogy [5]. There is great potential in implementing learning ate pedagogical strategies to deliver learning content mean-
technology, namely that learning opportunities can be donéngfully [15]. This approach aims to develop innovative,
anywhere [6,7]. This will support students’ enthusiasm forrelevant learning content that meets the needs of learners in
learning because they can learn practically [8]. the digital age [16].

Website-based learning is a practical learning media in- The TPACK (Technological Pedagogical Content Knowl-
novation [9]. In the context of digital learning, students only edge) framework is a theoretical construct that delineates the
require access to web-based platforms via the internet, whictomplex knowledge required by educators to effectively in-
significantly reduces the need for internal storage space aegrate technology into teaching practices. This framework
their devices. This learning paradigm represents an innovaranscends isolated understandings of content, pedagogy, and
tive instructional technology alternative, facilitating efficient technology, and emphasizes the dynamic interactions among
and effective accessibility to learning materials. Furthermorethese three domains. Specifically, TPACK comprises seven
this model enables the asynchronous and synchronous distiiterrelated knowledge components. First, Content Knowl-
bution and reception of information from remote locations,edge (CK) refers to an in-depth understanding of the sub-
thereby eliminating reliance on geographical and temporaject being taught, including concepts, theories, facts, and
limitations in the educational process [10]. Therefore, ed-disciplinary frameworks. Second, Pedagogical Knowledge
ucators with a focus on physics-related disciplines requirdPK) encompasses an understanding of teaching processes
the development and implementation of learning approacland practices, including instructional strategies, classroom
strategies that are comprehensively integrated with technomanagement, assessment, and an understanding of how stu-
ogy. This integration aims to enhance the effectiveness oflents learn. Third, Technological Knowledge (TK) refers to
material delivery, facilitate the understanding of abstract conan understanding of various digital technologies, including
cepts, and foster active student engagement in the learniftardware, software, and applications, as well as the abil-
process [11,12]. In this context, technology not only servesty to use them effectively. Fourth, Pedagogical Content
as an auxiliary tool but also as an integral part of the curKnowledge (PCK) is an understanding of how subject con-
riculum that enables the exploration of physical phenomengent can be effectively taught to students, including an un-
through simulations, visualizations, and virtual experimentsderstanding of students’ learning difficulties and strategies
This aligns with the demands of contemporary advancement® address those difficulties. Fifth, Technological Content
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Knowledge (TCK) involves an understanding of how tech-interactions cannot fully replace face-to-face interactions, es-
nology can be used to represent and convey subject conterecially in terms of developing social and emotional skills.

as well as an understanding of how technology can influence | aqdition, the psychological and motivational factors
students’ understanding of that content. Sixth, Technologicah stydents also play an important role in the success of
Pedagogical Knowledge (TPK) focuses on an understandingepsite-based learning. Students’ levels of independence,
of how technology can be used to support and enhance teackgj_regulation, and intrinsic motivation can vary signifi-
ing practices, including an understanding of how technologyantly, which can affect their ability to effectively utilize on-
can be used to facilitate ;tudent mtera_ctlon and collaboraj,e learning resources. Therefore, appropriate support and
tion.  Seventh, Technological Pedagogical Content Knowlyjigance strategies need to be implemented to help students
edge (TPACK) is the integration of all three knowledge do-geyelop independent learning skills and maintain their moti-
mains (content, pedagogy, and technology), and includes agation throughout the learning process. Overall, the imple-
understanding of how these three domains interact and innentation of website-based learning requires a holistic and
fluence each other (Matthew J. Koehler 203). The TPACKytegrated approach, which considers the technological, ped-
fr.amework provides a robust foundanon forte.achers’ prOfeS'agogicaI, and psychological aspects of students. By proac-
sional development and the design of effective technologygiyely identifying and addressing these challenges, educators
enhanced learning. By understanding and implementing thignq learning platform developers can maximize the potential
framework, educators can enhance the quality of instructiop \epsite-based learning to create effective, inclusive, and
and prepare students for success in the digital age. meaningful learning experiences for all students.

The learning approach used by teaching staff can in-
fluence the effectiveness of physics learning [18]. In this

c?ndtextt, ,Ieag)r_lr.]:ngt eﬁectlvepes? IS nlot soIerI measmtrled b%an be a distraction resulting in students being less focused
students abiiity to memorize formuias or Solve problems,, , using website-based learning media so that students carry
bu_t also by their conceptual_under_standlng, critical thlnklngout multitasking activities. The next challenge is that stu-

Sk'.”S' and the problem-solving skills they _have develpped.dems can carry out negative activities during learning such as
This research analyzes further the effectiveness of imple-

i : - : heating.
menting TPACK in physics learning. cheating

This aims to evaluate the learning process so that it can
run optimally. Apart from that, other features on the device

Research problem Research focus

The implementation of website-based learning, while
promising high flexibility and accessibility, is not without its

complex challenges. The primary advantage of this platfor 20] and significantly increase learning motivation [21]. With

lies in its ability to facilitate real-time interaction and signif- . " 7 ;
: - . . .these potential opportunities, website-based learning can
icant mobility, allowing learners to access learning materi- L

; ; have a positive impact on students [22]. However, the con-
als anytime and anywhere. However, the pedagogical effec- R . )
. . A ceptualization of website-based learning that can reach all lo-
tiveness of website-based learning is highly dependent on thé

ability to identify and mitigate factors that could potentially cations V.V'.th many Users ha; yet to be .|mplemented.. There

: . . . are empirical studies regarding theoretical assumptions that
hinder the achievement of optimal learning outcomes [19]. S o . .

) i o2 conflict with expected results, especially in physics subjects.

One crucial challenge is the variability in technology rerefore, this research aims to conduct a literature study that

accessibility and digital infrastructure. The digital divide, 5 sefy| for analyzing the influence of website-based tech-

which encompasses disparities in hardware ownership, intef,|64y jearning on learning achievement in physics learning.

net connectivity, and digital literacy,

can create significantana it from that, another aim is to describe the use of learning

barriers for students from socio-economically disadvantageg,,qels and academic levels that make it possible to imple-
backgrounds. Furthermore, the interface design and user e¥;ant website-based learning media.

perience (UX) of learning websites must be optimized to en-
sure intuitive navigation and inclusive accessibility for stu-
dents with diverse learning needs. _ _

Furthermore, the pedagogical aspects of website-basegesearch aim and research questions
learning require special attention. The methods of material
delivery, interaction strategies, and assessment techniqu@is research aims to measure and analyze in a system-
need to be carefully designed to maintain student engagemeatic way the effectiveness of using website-based technol-
and motivation levels. The use of interactive multimedia, dis-ogy learning on students’ physics learning achievement. The
cussion forums, and adaptive feedback mechanisms can helpsearch question that includes this is how does website-
create a more personalized and meaningful learning experbased technology learning influence students’ physics learn-
ence. However, it is importantto remember that virtual ing achievement?

In several previous studies, technology-assisted learning was
roven to be able to improve student learning achievement
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2. Research methodology
General background

The research method employed in this study is meta-analysis,
a systematic quantitative approach that integrates and syn-
thesizes findings from various empirical studies relevant to

the research topic. This involves a series of rigorous stages,

Selecting
topics to be
reviewed

Tracing and

including the formulation of research questions, compre- selecting
hensive literature searches, meticulous data extraction, and fel'%Vﬂnt
statistical analyses such as the calculation of pooled effect articles

sizes, heterogeneity analysis, and sensitivity analysis. Con-

sequently, it yields more precise, stable, and generalizable Analyzing
effect estimates, facilitates the identification of patterns and and
relationships that might be obscured in individual studies, synthesizing
and provides a robust foundation for drawing valid and re- o f“"“PdeS
liable conclusions about the phenomenon under investigation &

[23]. Meta-analysis is a method that is explicit, systematic o Organizing

and reproducible [24]. This technique can explore potential review
variables that are useful for identifying factors that contribute writing

3

to differences in effect size between studies on this research
topic from 2017 to 2023.

Procedures FIGURE 1. Stages of writing review results.

. _ . ) variable, namely physics learning achievement and the inde-
The purpose of using meta-analysis is to identify, evalu-

. ) endent variable website-based technology learning. Fourth,
ate, and synthesize research results and previous researcheﬁ:]% article must contain complete numerical data including

thoughts with certain hypotheses [24]. The coding sheetusegample size (N), mean (M), and standard deviation (SD) in

n me_ta—analys_ls has a role n assisting the res_earchers Prife experimental and control groups. Studies that do not meet
cess in collecting and analyzing data. The variables used iMese criteria will not be analyzed in this study,

the codipg sheet provide informatiqn o calculate the effept Specifically, the exclusion criteria are open access scien-
of website-based technology learning on students’ physic fic articles. The next process is identification based on the

!eam,'”g ach|evem(.ant.. The steps for meta.-analy3|s are_: (Jr clusion and exclusion criteria in the title, abstract and con-
identifying and reviewing the research topic to be studied;

> hing f d collect i t studies f fTust Qent. From the results of the review, 15 articles were found
(2) searching for and collecting relevant studies from truste hat met the meta-analysis inclusion and exclusion criteria.

Sources, (3) using the meta—analy5|_s method to calculate thﬁrticles were selected based on relevance, synthesized for
magnitude of the effect; (4) determining whether the effectreview and coding carried out

size is heterogeneous and how it relates to the research topic;

and (5) drawing conclusions and interpreting the results Obata analysis
meta-analysis research [24]. Writing the results of the review
in this research consists of four stages, the following stagegg that the research objectives can be achieved, the limi-
of writing the results of the review can be seenin Fig. 1. tations of the research scope are determined through cod-

Literature sources were taken from various nationaling. An overview of coding aspects in meta-analysis of this
and international journal sources using ERIC, Scopus, angesearch includes (1) Research identity: first author, year
Google Scholar. The literature sources used are articles pulf publication, research title, (2) Research characteristics:
lished in the last 6 years. To be able to focus on literaturgesearch methods, academic level, type of learning model,
studies, the keywords used are website-based physics leafshysics material, sample size and, type of achievement, (3)
ing media. Quantitative research data: mean (M), sample size (N), stan-
dard deviation (SD).

Next, the code was collected and coded using Microsoft
Excel. In this research, R-Studio was used to analyze meta-
Studies related to the meta-analysis were selected based data including effect size, heterogeneity testing, and publica-
specific inclusion criteria. First, the time span covers 201%ion bias. To be able to measure metadata, this research uses
to 2023. Second, the research source is an academic journtie ‘meta’ and ‘metafor’ packages. The following is Thal-
Third, the research method uses experiments with experimeifreimer and Cook’s classification of effect sizes [25] which
tal and control groups. With a focus onthe dependent can be seen in Table I.

Inclusion and exclusion criteria

Rev. Mex. Fis. E23010207
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TABLE |. Thalheimer and Cook’s classification of effect sizes.

Thalheimer dan Cook (2022)

—0,15 < d < 0,15, negligible
0,15 < d < 0,40, Senior High Schoolll
0,40 < d < 0,75, medium
0,75 < d < 1,10, large
1,10 < d < 1,45, very large
1,45 < d, excellent

TABLE Il. Descriptive statistics of included studies.

Variabel N %
Publication Year
2017 1 6,67
2022 7 46,67
2023 7 46,67
Sample Size
Large (» > 30) 15 100
Small (» < 30) 0 0
Academic Level
Bachelor 12 80,00
Senior High School 1 6,67
Junior High School 1 6,67
Elementary School 1 6,67
Learning Model Type
PBL 2 13,33
PjBL 4 26,67
Discovery Learning 1 6,67
Others 8 53,33
Physics Content Type
Panas, Suhu, dan Tekanan 1 6,67
Mechanics 8 53,33
Listrik dan Elektromagnetika 4 26,67
Berat dan Pengukuran 1 6,67
Hukum Newton 1 6,67
Achievement Type
Cognitive 6 40,00
Affective 2 13,33
Psycomotor 7 46,67

3. Research results and discussion

Descriptive statistic of the included studies

This stage begins with the formulation of strict and transpar-
ent inclusion and exclusion criteria, which serve as an ob-
jective guide in study selection. Research characteristics are
explained in detail based on variables such as year of publi-
cation, sample size, academic level, research methods, learn-
ing model, physics material, and type of student achievement.
Descriptive statistics of research that meets the meta-analysis
requirements based on variables are shown in Table II.

The overall effect of using TPACK with a website on stu-
dents learning achievement

The visual representation of the meta-analysis results for the
15 studies included in this research is displayed through a for-
est plot. This forest plot is a crucial tool in meta-analysis, as
it allows researchers to comprehensively visualize the effect
size of each individual study, as well as the estimated com-
bined effect size of all studies. In the context of this research,
the forest plot reveals a significant variability in effect sizes
across the studies, which is reflected in the range of observed
effect size values. This range spans from a negative value of
-0.05 to a substantial positive value of 4.36. This wide vari-
ation indicates heterogeneity among the studies, which may
be attributed to differences in research design, sample char-
acteristics, or the interventions applied.

Within the forest plot, each individual study is repre-
sented by a gray square, the position of which reflects the
estimated effect size of that study. The size of the square pro-
portionally represents the study’s weight in the meta-analysis,
where studies with larger sample sizes or smaller variances
will have larger squares, indicating a greater contribution to
the estimated combined effect size. Additionally, the hori-
zontal line connected to each square represents the 95% con-
fidence interval for the study’s effect size. This confidence
interval provides an estimated range of values within which
the true effect size of the study is likely to lie. The width of
the confidence interval reflects the precision of the effect size
estimate, where narrower intervals indicate more precise es-
timates. Collectively, this visualization allows researchers to
evaluate not only the magnitude of the effect from each study
but also the precision and consistency of findings across stud-
ies.

There is research that proves the effectiveness of us-
ing technology-based learning approaches with websites in
physics learning, such as research conducted [26-31]. How-
ever, in research [32] studies 2 and 3 reported that the effect
size was negative. This shows that technology-based learning
with websites in physics learning does not consistently have
higher effectiveness than other approaches. The magnitude
of effectiveness and significance in statistics is represented in
the following forest plot.

Overall effect

In the context of meta-analysis, the process of identifying key
characteristics of relevant studies is a crucial stage that déata analysis was carried out thoroughly with the aim
termines the validity and reliability of the synthesis results.of determining the level of influence of using a website

Rev. Mex. Fis. E23010207
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Heterogeneity: I° = 96%, 7 = 1.9861, p < 0.01

Experimental Control Standardised Mean
Study Total Mean SD Total Mean SD Difference SMD 95%-Cl Weight
Gurses, et.al_Study 1 (2022) 31 92.52 8.8460 31 64.39 13.5200 L B 243 [1.97,3.10] 6.5%
Sulaiman, et.al_Study 1 (2023) 77 4.36 0.3900 77 358 0.4200 | . 1:92 [1.53::2:30] 6.8%
Simi¢, et.al_Study 1 (2023) 51 14.29 3.7500 51 1425 3.1900 . 0.01 [-0.38;0.40] 6.8%
AlArabi, et al (2022) 45 80.00 3.6200 45 63.00 4.0900 —— 436 [359514)] 6.4%
Gutiérrez, et al_Study 1 (2022) 37 049 03570 32 008 04090 ‘ —= 1.07 [0.56; 158] 6.7%
Simi¢, et.al_Study 2 (2023) 48 14.12 3.5200 51 1425 3.1900 e -0.04 [-0.43; 0.36] 6.8%
Sulaiman, et.al_Study 2 (2023) 77 3.82 0.4400 77 3.07 0.4000 Iz 1.77 [1.40;2.15] 6.8%
Gutiérrez, et.al_Study 2 (2022) 36 0.60 0.48%0 35 008 0.3930 . 1.16 [0.66; 1.67] 6.7%
Sulaiman, et al_Study 3 (2023) 77 418 0.3400 77 334 03300 |1 249 [2.07;292] 6.7%
Simi¢, et.al_Study 3 (2023) 48 14.12 3.5200 51 1429 3.7500 = -0.05 [-0.44;0.35] 6.8%
Gutiérrez, et.al_Study 3 (2022) 32 0.08 0.4090 35 008 0.3930 - 0.01 [-0.47;0.49] 6.7%
Sulaiman, et.al_Study 4 (2023) 77 3.84 0.3800 77 3.15 0.3800 | B 1.81 [1.43;2.18] 6.8%
Gutiérrez, et al_Study 4 (2022) 36 060 04890 37 049 03570 3 025 [022;071] 6.7%
Orathai Chaidam (2022) 35 85.54 7.8000 35 51.33 7.8000 —+—— 434 [346;521] 6.3%
Zainal,M.R. et.al (2017) 32 84.47 6.9800 32 79.59 6.6000 - 0.71 [0.20;1.22] 6.7%
Random effects model 739 743 ; : | : : 1.46 [0.73; 2.18] 100.0%
0

FIGURE 2. Forest plot.

dents’ physics learning achievement. Additionally, publica-
tion bias can be interpreted in Fig. 3.

00
1

0.1

4. Conclusions

Based on the results of the meta-analysis conducted, it can be
: concluded that website technology-based learning has a sig-
° nificant positive impact on improving students’ physics learn-
° ee | ing achievement. This finding is supported by the pooled ef-
4 ; fect size, which shows that students who participate in web-
5 site technology-based learning demonstrate higher learning
; achievement compared to students who participate in conven-
= | ° tional learning. The implication of this finding is that website
- technology-based learning can serve as an effective alterna-
: - — : : tive to enhance students’ learning outcomes in physics. How-
0 1 2 3 4 ever, itis important to note that the effectiveness of this learn-
ing approach also depends on factors such as instructional de-
sign, student characteristics, and the appropriate integration
FIGURE 3. Publication bias. of technology within the learning process. Therefore, fur-

ther research is needed to explore the factors that moderate

technology-based learning approach on physics learnin . . } .
achievement. There were 15 studies (86.6%) with a pos&]e effectiveness of website technology-based learning and

itive effect size ranging from -0.05 to 4.36. The Iearningto develop optimal learning models.

outcomes of the control group were lower than those of the
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