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ABSTRACT 
 
This study investigates the effect of web-based game media, specifically Earthgames supported by the 
Wordwall platform, on the critical thinking skills of eighth-grade students in the topic of Earth Structure 
in the Natural Sciences (IPA) subject. A pre-experimental design using a one- group pretest-posttest 
approach was employed, involving 64 students from SMP Negeri 27 Surakarta during the 2025/2026 
academic year. Data were collected through validated critical thinking tests covering indicators of 
interpretation, analysis, evaluation, inference, explanation, and problem-solving based on Facione's 
framework. Results showed a significant improvement in students' mean scores from 45.57 (pretest) 
to 67.27 (posttest). The hypothesis test using the Paired Sample t-test (Sig. < 0.001) confirmed a 
statistically significant difference, with an N- Gain score of 0.43 (moderate category). These findings 
indicate that Earthgames via Wordwall positively influenced students' critical thinking by providing 
interactive, visual, and game-based learning experiences. The media supports Mayer's Cognitive Theory 
of Multimedia Learning and aligns with the constructivist principles underpinning 21st-century science 
education. 
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INTRODUCTION 
Facing the era of globalization and 21st-century technological advancement, education 

systems are increasingly required to develop higher-order thinking competencies, particularly 
critical thinking skills (Calma et al., 2025; OECD, 2020). Critical thinking enables students to not 
merely receive information passively but to analyze, interpret, evaluate arguments, and make 
logical decisions amid complex modern challenges (Calma et al., 2025). International educational 
organizations such as the OECD (2020) in the PISA framework and UNESCO (2016) in its Global 
Education Monitoring Report explicitly identify critical thinking as one of the 4Cs (Critical 
thinking, Creativity, Communication, Collaboration) that must be integrated into 21st-century 
learning. In Indonesia, PISA 2022 ranked the country 74th out of 79 nations in scientific literacy, 
reflecting persistent weaknesses in analytical and evaluative reasoning (OECD, 2022). This gap 
between 21st-century competency demands and actual IPA learning outcomes in Indonesia has 
been extensively documented (Kemdikbud, 2022). 
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In the theoretical context of science education, Facione (2021) defines critical thinking as a 
cognitive process involving interpretation, analysis, evaluation, inference, explanation, and self-
regulation. Through these skills, students can interpret scientific data, evaluate hypotheses, 
formulate evidence-based arguments, and draw systematic conclusions. However, national 
assessment data shows that the competency of junior high school students in Indonesia is 
generally still at a basic level (Rahayu & Sugianto, 2021). This challenge is exacerbated by the 
fact that technological and information developments have drastically changed the landscape 
of learning media. Multimedia is no longer simply text and sound, but has evolved into a 
comprehensive combination of text, graphics, animations, images, and even audio/video, which 
have a tremendous impact on students' knowledge reconstruction (Setyaningsih, 2023). If these 
dynamic changes are not balanced with creative teaching variations, the classroom learning 
process will become monotonous, triggering boredom, and reducing student participation and 
motivation (Arifin et al., 2025). Therefore, the application of cutting-edge technological 
innovations, including the potential use of three-dimensional virtual spaces such as the 
metaverse, is now starting to be seen as a future trend to provide immersive and natural learning 
experiences in various educational institutions (Alhakimi, 2023). 

At the classroom level, critical thinking development is hampered by teacher-centered 
instruction. Teachers remain the sole source of information while students passively receive 
knowledge (Paul, 2020). The reliance on static textbooks and worksheets further limits 
exploration, discussion, and problem-solving opportunities (Chen, 2024). This challenge is 
especially acute in IPA learning, where concepts require visualization, experimentation, and 
higher-level reasoning (Nugraha, 2023). Real-world conditions often demonstrate poor student 
understanding of science material due to unvaried and boring conventional teaching methods, 
which ultimately lead to passive and stifled students (Fitriani & Ridhani, 2025). However, the 
integration of digital technology, such as the use of cloud computing (Google Forms, Quizizz, and 
Wordwall), has been shown to significantly improve the efficiency, effectiveness, and quality of 
learning outcomes (Purnama et al., 2024). 

The urgent need for well-designed interactive media has become a crucial focus in 
educational technology. The development of multimodal and adaptive digital learning media 
requires a solid foundation of instructional design models, such as the Dick & Carey Model, to 
ensure the media produced is valid, engaging, increases engagement, and effectively supports 
creative thinking and problem-solving (Yasni et al., 2025). Furthermore, systematically managing 
digital science learning using a clear instructional framework has been shown to be more 
effective in supporting students' higher-level cognitive processes than simply transmitting raw 
content (Sasongko et al., 2025). 

To create an immersive, challenging, and meaningful learning environment, Game-Based 
Learning (GBL) has emerged as a highly promising innovative approach. Characteristics of GBL 
include clear goals and rules, scaffolded difficulty levels, real-time interactivity and feedback, 
and realistic contextual simulations (Mao et al., 2021; Wardani et al., 2023). A meta-analysis by 
Mao et al. (2021) confirmed that gamification significantly improved critical thinking skills (mean 
Hedges' g effect ≈ 0.7). Fatih et al. (2024) also demonstrated that digital educational games 
stimulate reflective analysis and evaluation in science learning. The use of GBL, such as serious 
games and VR simulations that integrate structured development models (e.g., ADDIE), has been 
shown to effectively increase motivation, engagement, and problem-solving skills (Raziana & 
Wibawanto, 2025). 

One web-based interactive platform that facilitates this approach is Wordwall, which offers 
a variety of game formats such as quizzes, matching games, and crosswords that are easily 
adapted to various subject areas. Empirical research confirms that using Wordwall improves 
student engagement and cognitive outcomes in science (Saputra, 2021; Kurniawan, 2022). 
Based on this principle, this study developed Earthgames, a thematic game designed within the 
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Wordwall platform specifically for the Earth Structure topic, aligned with Facione's (2015) critical 
thinking indicators. Theoretically, this medium refers to Mayer's (2021) Cognitive Theory of 
Multimedia Learning, which states that learning is more effective when information is presented 
through visual and verbal channels simultaneously (the dual-channel principle), accompanied by 
appropriate cognitive load management (limited capacity) and active processing by learners. 
Through a combination of animation, graphics, and text-based interactive challenges, 
Earthgames helps students organize and internalize the Earth Structure concept more deeply. 

Preliminary observations at SMP Negeri 27 Surakarta revealed that critical thinking skills 
among Grade VIII students remained low, with 62% experiencing difficulty explaining logical 
reasons, 54% struggling to analyze cause-effect relationships, and 65% lacking confidence in 
presenting systematic arguments. These findings underscore the urgent need for innovative, 
technology-based instructional media. While previous studies have widely explored the general 
use of web-based tools, there is still a significant research gap in how systematically designed, 
multimedia-theory-based educational games like Earthgames on Wordwall can directly impact 
all components of Facione's critical thinking indicators within abstract geoscientific topics. This 
research therefore aims to determine the effect of using Earthgames via Wordwall on the critical 
thinking skills of eighth-grade students at SMP Negeri 27 Surakarta in the IPA Earth Structure 
topic. 
 
METHODS 
Research Design 

This study employed a quantitative approach using a pre-experimental one-group pretest- 
posttest design. This design was selected to measure changes in critical thinking skills within the 
same group of participants before and after the Earthgames intervention, providing empirical 
evidence of the media's effect (Creswell, 2020). 
 

Participants 
Participants were 64 eighth-grade students (Classes VIII A and VIII E) from SMP Negeri 27 

Surakarta in the 2025/2026 academic year. Purposive sampling was applied based on criteria: 
prior exposure to Earth Structure content without digital interactive media, teacher-confirmed 
low critical thinking levels, and adequate device readiness for web-based media use. 

 

Procedure 
The study was conducted over four sessions: (1) Pretest administration; (2) Introduction 

and initial use of Earthgames via Wordwall; (3) Reinforcement of Earth Structure concepts 
through continued Earthgames activities; (4) Posttest administration. Students accessed the 
game through personal devices (smartphones or laptops) and engaged in quizzes, image-analysis 
tasks, and Earth Structure-based conceptual challenges. 

 

Data Analysis 
Descriptive statistics (mean, standard deviation) were computed for pretest and posttest 

scores. A normality test (Kolmogorov-Smirnov) confirmed normal data distribution (Sig. = 0.172 
> 0.05), enabling the use of a Paired Sample t-test (α = 0.05) for hypothesis testing. N-Gain 
analysis was conducted to assess the magnitude of improvement. 

 
RESULTS AND DISCUSSION 
Results 
1. Pre-test results 

The pretest mean score was 45.57 (SD = 12.74), with a minimum of 27.78 and a maximum 
of 66.67. The majority of students (37.5%) scored in the 31–40 interval, indicating that critical 
thinking skills were predominantly at a low-to-moderate level prior to the intervention. 
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Table 1. Pre-test Descriptive Statistics 
No. Statistic Value 

1 N 64 
2 Highest Score 66.67 
3 Lowest Score 27.78 
4 Mean 45.57 
5 Median 44.44 
6 Std. Deviation 12.74 

 
2. Post-test results 

Following the Earthgames intervention, the mean posttest score increased to 67.27 (SD = 
16.11), with a minimum of 38.89 and a maximum of 100. The majority of students (28.13%) 
scored in the 61–70 interval, reflecting a notable upward shift in performance distribution. 
 

Table 2. Post-test Descriptive Statistics 
No. Statistic Value 

1 N 64 
2 Highest Score 100 
3 Lowest Score 38.89 
4 Mean 67.27 
5 Median 66.67 
6 Std. Deviation 16.11 

 
3. Nomality test results 

The Kolmogorov-Smirnov normality test yielded a significance value of 0.172 (> 0.05), 
confirming that the data were normally distributed. The Monte Carlo Sig. value of 0.102 further 
corroborated this finding, validating the use of parametric statistical analysis. 
 
4. Hypothesis Testing (Paired Sample t-test) 

The Paired Sample t-test revealed a significance value of Sig. (2-tailed) < 0.001, which is well 
below the threshold of α = 0.05. Consequently, H₀ was rejected and H₁ was accepted, confirming 
a statistically significant difference between pretest and posttest scores. This result indicates 
that the use of Earthgames via Wordwall had a significant effect on students' critical thinking 
skills. 

Table 3. Paired Sample t-test Results 
Variable Mean Pre-test Mean Post-test Sig. Decision 

Pretest–Posttest 45.57 67.27 <0.001 H₀ Rejected 

 
4. N-Gain analysis results 

The N-Gain value was calculated at 0.43 (43.03%), placing the improvement in the 
moderate category (0.3 ≤ g ≤ 0.7). This indicates that the Earthgames intervention contributed 
meaningfully to critical thinking development, though further refinement of instructional 
strategies and extended implementation periods could yield higher gains. 
 
Discussion 

The significant increase in critical thinking scores following Earthgames intervention 
supports the theoretical foundations of game-based learning and multimedia instruction. The 
mean improvement from 45.57 to 67.27 reflects gains across all Facione critical thinking 
indicators, particularly interpretation, analysis, evaluation, and inference. 
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These findings are consistent with prior research. Mao et al. (2021) found that gamification 
produces a substantial effect on critical thinking development (Hedges' g ≈ 0.7). Similarly, Fatih 
et al. (2024) demonstrated that digital educational games for IPA significantly improved 
students' analytical and evaluative reasoning through reflective challenge-based learning. This 
finding is also in line with a study by Raziana & Wibawanto (2025) which confirmed that 
pedagogical innovation in the form of Game-Based Learning (GBL) which utilizes interactive 
game elements in authentic scenarios can significantly increase students' motivation, active 
engagement, and 21st-century skills such as logical thinking and problem-solving. This increase 
in cognitive performance proves that a dynamic and meaningful learning atmosphere can be 
created effectively when teachers creatively combine appropriate methods, media, and 
interactions to overcome student learning boredom in the classroom (Arifin et al., 2025). 

The Wordwall platform, with its immediate feedback mechanisms and adaptive difficulty 
levels, enabled students to engage actively in Earth Structure concepts that are otherwise 
abstract and difficult to visualize. The success of the intervention using the Wordwall component 
in Earthgames reinforces the research findings of Purnama et al. (2024) regarding the 
effectiveness of utilizing cloud-based technology (cloud computing), which has been proven to 
have a real positive impact on learning efficiency and the quality of students' academic 
outcomes. This transformation of the learning process from conventional to interactive media 
has proven to be a crucial solution to classroom problems often encountered in science learning, 
where a direct learning model assisted by varied visual media is able to boost student learning 
completion in a classical manner compared to monotonous teacher teaching methods (Fitriani 
& Ridhani, 2025). 

In alignment with Mayer's (2021) Cognitive Theory of Multimedia Learning, the dual-
channel processing enabled by Earthgames—combining visual animations with text-based 
questions— facilitated deeper conceptual understanding. Students were not merely passive 
recipients of content but were required to analyze geoscientific phenomena, make predictions, 
and justify their reasoning, all of which are core components of critical thinking. The holistic 
nature of contemporary digital multimedia, which integrates text, graphics, animation, and 
audio/video, has been proven to have a significant impact on helping students independently 
reconstruct their knowledge across various educational institutions (Setyaningsih, 2023). 
Through dynamic visualization, the barriers to abstraction in complex geoscience material can 
be optimally reduced. 

The learning outcomes achieved in this study are also inseparable from the systematic 
design of instructional management. As stated by Sasongko et al. (2025), the integration of 
digital platforms developed using formal instructional design models (such as the Dick and Carey 
model) significantly contributes to supporting students' higher-level cognitive processes, where 
structured digital learning management has been shown to be superior to simply transmitting 
content one-way. The validity and effectiveness of this visual game-based media are also 
supported by Yasni et al.'s (2025) argument that systematically developed multimodal digital 
media based on multimedia theory can support creative thinking processes and in-depth student 
learning engagement, making it highly relevant to the needs of 21st-century learning. 

From a constructivist perspective, the interactive nature of Earthgames supported 
Vygotsky's (1978) social learning principles through scaffolded challenges and collaborative 
discussion. Students reported greater ease in connecting theoretical concepts—such as tectonic 
plate movement and seismic activity—with real-world phenomena after using the media, 
indicating meaningful learning experiences. This interactivity provides cognitive stimulation 
similar to the future vision of the use of immersive technologies such as the metaverse, where 
3D digital spaces that blend the real and virtual worlds are projected to be able to provide new, 
natural and intuitive opportunities for global educational needs (Alhakimi, 2023). 
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The moderate N-Gain (0.43) is notable in the context of a relatively short intervention (four 
sessions) and a single-group design without a control comparison. The absence of a control 
group limits causal inference, as observed improvements could partly reflect natural learning 
progression or test- retest effects. Nevertheless, the statistically significant pre-post differences 
and the alignment with established theoretical frameworks provide strong evidence of 
Earthgames' utility as a critical thinking- enhancing media. 

Technical limitations were also observed: internet connectivity issues intermittently 
disrupted media access for some students, a challenge prevalent in school settings in Indonesia. 
Future implementations should account for offline backup options or local network solutions to 
ensure equitable access. The experience of technical constraints and variations in students' 
cognitive responses in this study indicate the need for further exploration of more measurable 
mentoring strategies (nuanced scaffolding), strengthening instrument validity, and optimizing 
digital learning management systems as metacognitive tools to measure students' cognitive 
regulation authentically in the long term (Buwono et al., 2025). 
 
CONCLUSION 

This study concludes that Earthgames, as a web-based educational game integrated within 
the Wordwall platform, serves as an effective instructional media to enhance junior high school 
students' critical thinking skills in learning science, specifically on the topic of Earth Structure. 
The interactive, visual, and gamified features of the media provide an immersive learning 
experience that successfully stimulates core dimensions of critical thinking, including 
interpretation, analysis, evaluation, and inference. By transforming abstract geoscientific 
concepts into manageable cognitive challenges, the media minimizes conceptual barriers and 
shifts the classroom environment from passive absorption to active logical reasoning. 

The theoretical and practical value of Earthgames directly aligns with Mayer’s Cognitive 
Theory of Multimedia Learning and Facione's critical thinking framework, demonstrating that 
well-structured digital game-based learning supports 21st-century science competencies. 
Future educational implementations should expand this approach by employing experimental 
designs with control groups to isolate causal progress, extending the digital game formats across 
broader scientific themes and diverse grade levels, and adopting qualitative or performance-
based evaluation instruments to fully map the deep, non-formal dimensions of students' 
reflective reasoning development. 
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