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	Background: Critical thinking skills and learning motivation are essential for meaningful biology education. However, conventional teaching approaches often provide limited opportunities for active engagement, analytical reasoning, and independent learning. Interactive multimedia offers an alternative by integrating various digital elements to create engaging and student-centered learning experiences.
[bookmark: _GoBack]Research Gap: Although interactive multimedia has been increasingly incorporated into educational practices, empirical evidence examining its simultaneous effects on students’ critical thinking skills and learning motivation remains limited, particularly in biology education at SMA Negeri 10 Bengkulu Utara.
Novelty: This study simultaneously investigates the effectiveness of interactive multimedia-based biology learning media in enhancing two essential educational outcomes: critical thinking skills and learning motivation, providing context-specific empirical evidence for technology-supported biology instruction.
Methods: A quantitative quasi-experimental approach employing a pretest–posttest non-equivalent control group design was implemented. Two Grade X science classes participated as experimental and control groups. Data were collected through critical thinking assessments and learning motivation questionnaires. Statistical analyses included normality, homogeneity, and hypothesis testing using SPSS.
Results: The findings demonstrated statistically significant differences between the experimental and control groups in critical thinking skills (p = 0.014) and learning motivation (p = 0.047), with both significance values below the 0.05 threshold. These results support the effectiveness of interactive multimedia-based instruction in improving both educational outcomes.
Conclusion: Interactive multimedia-based biology learning media significantly enhance students’ critical thinking skills and learning motivation. Integrating interactive digital resources into biology instruction can support more engaging, participatory, and meaningful learning experiences.
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INTRODUCTION
Critical thinking is a way of approaching and solving problems based on persuasive, logical, and rational arguments, involving verification, evaluation, and selection of appropriate answers to assigned tasks and reasoned rejection of alternative solutions (Florea Hurjui, 2015). Critical thinking is rational, reflective thinking focused on deciding what to believe or do (Ennis, 2015).
Critical thinking is one of Adnyana's higher-order thinking skills. The challenge in education is requiring students to think at a higher level. In biology, critical thinking skills are essential for students to solve problems encountered during experiments. According to Cottrell (2005), critical thinking is the ability to draw accurate conclusions about a problem, review, and thoroughly examine decisions made. Critical thinking is also a way of thinking that analyzes an argument and generates insights (Kartimi, 2012). To improve critical thinking skills and student learning motivation, a more engaging and effective learning system is essential. The aspect most discussed in this research is the learning media used in teaching and learning activities. Because learning media is a supporting aspect of learning that is closely related to improving the quality of student learning. According to Retnowati (2017), learning media is a crucial element in the teaching and learning process, conveying messages to students, whether through tools, people, or teaching materials. Furthermore, learning media can also stimulate students to be more effective. The use of media in learning significantly aids the learning process and helps children understand abstract concepts more concretely (Jasmiati, 2018).
The use of interactive multimedia in learning is a highly feasible solution for improving desired thinking skills. The advantage of interactive multimedia is that it can prepare human resources through quality education. During the learning process, students are expected to acquire reasoning, communication, and problem-solving skills, as well as develop an appreciation for the usefulness of the material presented. These skills include critical, systematic, logical, and creative thinking, which are highly needed in today's technological era, for example in selecting and managing information and communicating. Saminathan (2015)
Interactive multimedia can be a solution for improving students' critical thinking skills because it allows for student-focused learning and stimulates interest in problem-solving. Interactive multimedia can also visualize abstract concepts more concretely, especially in drawing free force diagrams on torque and rigid body equilibrium. In addition, interactive multimedia can improve students' critical thinking skills, especially in building basic skills, analyzing arguments, and making inferences. However, currently available interactive multimedia is less than optimal in helping students solve problems. In fact, problem solving can train students' critical thinking skills. Most existing interactive multimedia only contains materials, experimental videos, and evaluation questions that do not support critical thinking. Therefore, in this study, interactive multimedia was applied to improve thinking skills. Amelia, DJ, (2014).
METHODS
This study employed a quasi-experimental method with a quantitative approach. This study aimed to determine the effect of the independent variable, interactive multimedia-based biology learning media, on the dependent variables, critical thinking skills and student motivation.
The sample in this study was two 10th grade students from the Mathematics and Natural Sciences (MIPA) class, selected as the two groups: the experimental group and the control group. The data collection tools used in this study were test questions and a respondent questionnaire.
The research instruments used in this study were test questions to measure students' critical thinking skills and a respondent questionnaire to measure student learning motivation.
Critical thinking skills data processing: Converting the accumulated critical thinking skills observation scores of each student into percentages. Data analysis techniques used were normality tests, homogeneity tests, and hypothesis testing using SPSS.
RESULT AND DISCUSSION
Students' Critical Thinking Skills Results
Table 1. Pre-test and Post-test Calculations for Critical Thinking Skills
	Nilai
	Kelas X1
(Eksperimen)
	Kelas X2
(Kontrol)

	
	Pretest
	Postest
	Pretest
	Postest

	Sum
	401
	707
	434
	590

	Max
	26
	40
	24
	31

	Min
	15
	32
	12
	23

	Σ
	50,12
	88,37
	49,31
	67,04



Based on the table above, it can be seen that the results of the pre-test and post-test of critical thinking skills of experimental class students have an average pre-test score of 50.12 with the highest score of 26 and the lowest score of 15, while the average post-test score is 88.37 with the highest score of 40 and the lowest score of 32. Meanwhile, the control class has an average pre-test score of 49.31 with the highest score of 24 and the lowest score of 12, while the average post-test is 67.04.55 with the highest score of 31 and the lowest score of 23.
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Figure 1. Recapitulation of Critical Thinking Results of Experimental Class (X1)
The image above shows a comparison of the critical thinking ability scores of students in the experimental class based on the pretest and posttest scores.
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Figure 2. Recapitulation of Critical Thinking Results of Control Class (X2)
The image above shows a comparison of the critical thinking ability scores of students in the control class based on the pretest and posttest scores.
Table 2. Normality Test of Critical Thinking Ability
	Tests of Normality

	
	Kolmogorov-Smirnova
	Shapiro-Wilk

	
	Statistic
	df
	Sig.
	Statistic
	df
	Sig.

	Eksperimen
	Pret
	.103
	20
	.200
	.973
	20
	0,817

	
	Post
	.139
	20
	.200
	.955
	20
	0,444

	Kontrol
	Pret
	.222
	20
	.011
	.905
	20
	0,051

	
	Post
	.161
	20
	.183
	.933
	20
	0,176

	ΣSig
	0,372



The normality test table for the results of the critical thinking ability test using the Kolmogorov-Smirnov test found that the experimental class and the control class had a value of 0.372 greater than 0.05 (0.372 > 0.05). This indicates that both data are normally distributed.
Table 3. Homogeneity Test of Critical Thinking Ability
	Test of Homogeneity of Variances

	Berpikir Kritis

	Nilai
	Levene Statistic
	df1
	df2
	Sig.

	Pretest
	1.087
	1
	40
	0,303

	Postest
	2.725
	6
	33
	0,029

	ΣSig
	0,372



After the normality test, the next step was to conduct a homogeneity test. Based on Table 3, the homogeneity test results using the Leave Statistic test in SPSS 24 obtained a result of 0.372, which means it is greater than 0.05 (0.372 > 0.05). Therefore, it can be concluded that there is a significant difference in the results of the critical thinking test in the experimental class and the control class.
Table 4. Hypothesis Test of Critical Thinking Ability Test
	ANOVA

	Model
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	Regression
	3.204
	1
	3.204
	.709
	.014

	Residual
	81.346
	18
	4.519
	
	

	Total
	84.550
	19
	
	
	



Based on Table 4, the results of the hypothesis test analysis using SPSS 24 show that the pre-posttest significance level for the experimental class and the control class was <0.05, namely 0.014. This means that there is an influence of the use of interactive multimedia-based biology learning media on students' critical thinking skills at SMAN 10 North Bengkulu.
Student Learning Motivation Results
Based on the research results, the learning motivation scores of 10th-grade students were as follows:
The pre-test and post-test results in this study were used to determine the learning motivation of the students selected as research subjects. The pre-test and post-test results were then summarized to determine the average scores and overall percentages for both classes, as shown in the following table:



Tabel 5. Perhitungan Pre-test dan Post-test Motivasi belajar
	Nilai
	Kelas X1
(Eksperimen)
	Kelas X2
(Kontrol)

	
	Pretest
	Postest
	Pretest
	Postest

	Sum
	977
	1420
	1119
	1095

	Max
	56
	77
	57
	64

	Min
	43
	67
	37
	50

	Σ
	61,06
	88,75
	63,58
	65,90



Based on the table above, it can be seen that the learning motivation ability of students in the experimental class has an average pre-test score of 61.06 and an average post-test score of 88.75 with the highest score of 77 and the lowest score of 67. Meanwhile, the control class has an average pre-test score of 63.58 and an average post-test of 65.90 with the highest score of 64 and the lowest score of 50.
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Figure 3. Summary of Learning Motivation Results for the Experimental Class (X1)
The figure above shows a comparison of students' learning motivation scores in the experimental class based on pretest and posttest scores. Based on the data, a significant increase was observed in the experimental class with the median interactive multimedia-based biology learning treatment.
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Figure 4. Summary of Learning Motivation Results for the Control Class (X2)
The figure above shows a comparison of students' learning motivation scores in the control class based on pretest and posttest scores. Based on the data, there appears to be no significant increase in the median for the control class without interactive multimedia-based biology learning treatment.
Table 6. Normality Test of Learning Motivation
	Tests of Normality

	
	Kolmogorov-Smirnova
	Shapiro-Wilk

	
	Statistic
	df
	Sig.
	Statistic
	df
	Sig.

	Eksperimen
	Pret
	.176
	20
	.104
	.937
	20
	.209

	
	Post
	.207
	20
	.024
	.932
	20
	.166

	Kontrol
	Pret
	.134
	20
	.200*
	.915
	20
	.079

	
	Post
	.097
	20
	.200*
	.974
	20
	.836

	ΣSig
	0,501



The Kolmogorov-Smirnov test for normality of the learning motivation test results found that both the experimental and control classes had values ​​of 0.501 greater than 0.05 (0.501 > 0.05). This indicates that both data are normally distributed.
Tabel 7. Uji Homogenitas Motivasi belajar
	Test of Homogeneity of Variances

	Motivasi belajar

	Nilai
	Levene Statistic
	df1
	df2
	Sig.

	Pretest
	1.087
	1
	40
	0,414

	Postest
	2.725
	6
	33
	0,019

	ΣSig
	0,216



After the normality test, a homogeneity test was conducted. Based on Table 4.3, the homogeneity test results using the Leave Statistic in SPSS 24 yielded a value of 0.216, which is greater than 0.05 (0.216 > 0.05). Therefore, it can be concluded that there is a significant difference in the learning motivation test results in the experimental and control classes.
Table 8. Hypothesis Test for Learning Motivation Test
	ANOVA

	Model
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	Regression
	.686
	1
	.686
	.107
	.047b

	Residual
	115.314
	18
	6.406
	
	

	Total
	116.000
	19
	
	
	



Based on Table 4.4, the results of the hypothesis test analysis using SPSS 24 show that the significance level of the pre-posttest for the experimental class and the control class was <0.05, namely 0.047. This means that there is an influence of the use of interactive multimedia-based biology learning media on the ability and motivation of students at SMAN 10 North Bengkulu.
Critical Thinking Skills
Based on the research results, it was concluded that interactive media can be used, but further evaluation is possible. The results of the normality test for students' critical thinking scores showed an Asymp. Sig. (2-tailed) of 0.372 > α (0.05), indicating that statistical decision-making demonstrates a significant effect on students' critical thinking.
From an instructional media perspective, this interactive media-based biology learning media qualifies as very good. Furthermore, it can increase student enthusiasm and understanding due to its combination of text, images, animation, sound, video, quizzes, and interactive buttons, creating a less monotonous learning environment (Widiyasanti & Ayriza, 2018).
Hypothesis testing of students' critical thinking scores yielded a significance value of 0.014 and a significance value of 0.047 for student learning motivation < α (0.05). Ha is accepted, indicating that the use of interactive media-based biology learning media has an effect on students' critical thinking and learning motivation at SMAN 10 North Bengkulu. On the other hand, interactive media has a very significant impact on students' learning outcomes and critical thinking. It provides a new learning experience for students. By using interactive multimedia, students are required to improve their understanding and higher-order (critical) thinking skills (Hendi et al., 2020).
Student Learning Motivation
The results of the normality test for the hypothesis of student learning motivation showed an Asymp. Sig. (2-tailed) of .047b > α (0.05), indicating that, based on statistical decision-making, there is a significant influence on student learning motivation.
The results of the homogeneity test for the significance value of student learning motivation were 0.216 > α (0.05). Based on statistical decision-making, the data are considered non-homogeneous, indicating that there are differences in student learning motivation in the experimental class and the control class. The advantage of interactive multimedia is that it can increase student learning enthusiasm because it includes engaging text, animation, sound, and video. The hypothesis test yielded a significance value of 0.047, <α (0.05), concluding that the use of multimedia in Biology lessons influences student learning motivation. Good interactive media can increase student learning motivation because the appropriateness of the media significantly impacts the success of the interactive media used. The most important motivation in interactive learning media is that students not only pay attention to the presentation of the material or objects but also participate in interaction during the learning process. Interactive media is equipped with a user-operated control device, allowing users to select desired learning outcomes for the next stage. Interactive aspects of this media can include navigation, simulations, games, and practice questions, thereby increasing student motivation in the lesson (Hendi et al., 2020).
The comprehensiveness of the available information can help students understand the material. Using technological assistance, specifically interactive multimedia, in the learning process can increase student learning motivation (Wahyugi & Fatmariza, 2021).
The Influence of Media on Critical Thinking and Learning Motivation
Based on the results of the hypothesis testing in the study, it was concluded that interactive multimedia-based biology learning significantly impacted critical thinking skills and increased student motivation in biology lessons.
Interactive media is suitable for implementation in the learning process due to several factors: excellent qualifications in the subject content aspect are obtained based on the alignment of the material content with basic competencies, indicators, and learning objectives. Basic competencies can be achieved by formulating measurable indicators in accordance with basic competencies and learning objectives (Sastradewi and Agung, 2022). Interactive media can facilitate student learning because the accuracy of the material plays a crucial role, especially in terms of conceptual accuracy of what they have learned in this learning medium (Pratiwi et al., 2018; Putra et al., 2018). The accuracy of the material presented will enable students to delve deeper into the content easily. Accurate material is obtained from various relevant reference sources, because producing quality media requires attention to material accuracy (Sastradewi and Agung, 2022).
CONCLUSION
Based on the data analysis and hypothesis testing conducted, it can be concluded that:
1. Interactive media-based biology learning media has a positive effect on students' critical thinking at SMAN 10 North Bengkulu.
2. Interactive media-based biology learning media has a positive effect on students' learning motivation at SMAN 10 North Bengkulu.
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