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	Abstract: This study aims to analyze the effectiveness of digital learning materials based on cognitive conflict integrated with Augmented Reality (AR) and Nias ethnoscience in improving students' critical thinking skills in the material of work and energy. The method used was a quasi-experiment with a pretest-posttest control group design. The research sample consisted of two eleventh grade Physics classes at SMA Negeri 1 Gido selected through simple random sampling. The instrument used was an essay test to measure critical thinking skills. The results showed that the average posttest score of the experimental class (75.1) was higher than that of the control class (70.4). Hypothesis testing using Mann-Whitney U resulted in a significance value of 0.039, indicating a significant difference between the two groups. These findings indicate that the developed digital learning materials are effective in improving students' critical thinking skills. This effectiveness is supported by the integration of cognitive conflict that encourages conceptual reconstruction, the use of AR that visualizes abstract concepts, and ethnoscience that links learning to the local cultural context.
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Introduction 

The rapid development of Science and Technology (S&T) today has caused many things to be quickly replaced. New technologies and knowledge emerge quickly, becoming obsolete. The high dynamics of the world demand that humans, both subjects and objects of development, be constantly prepared to face the turmoil and challenges it brings. Therefore, humans must prepare themselves by improving their competencies to avoid being pushed aside by advances in S&T. Human resource development should be prioritized to ensure that humans' role is maintained and not replaced by self-developed technology.
One method that can be implemented to enable humans to face the advancement of science and technology is through education. According to Citriadin (2019), education is a process through which individuals hone and develop their skills to prepare them for their future roles in their environment and society. Through education, individuals will develop the skills to face various challenges in life, including the increasingly rapid development of science and technology.
21st-century learning is a concept currently being used in education. According to Sumarni et al. (2023), 21st-century learning is designed to prepare individuals to master critical thinking skills, communicate effectively, and solve problems that are in line with current global needs and dynamics. According to Mufit et al. (2023), the use of technology is one of the important things in 21st-century learning. The use of this technology plays a role in supporting the development of student skills. Examples of technology applications that can be utilized include electronic teaching materials, projectors, smartphones, laptops, computers, educational games, animation, and others. In addition to the use of technology, student-centered learning is also a crucial element in 21st-century education (Muliyadi et al., 2023).
The Indonesian government is currently implementing the Independent Curriculum, which emphasizes 21st-century learning. The Independent Curriculum is structured by applying three important principles: (1) ensuring and supporting the development of competencies and character; (2) being flexible; and (3) focusing on essential content. Based on the Minister of Elementary and Secondary Education Regulation No. 10 of 2025, the Independent Curriculum contains eight graduate profile dimensions that students must master, including faith and devotion to God Almighty; citizenship; critical reasoning; creativity; collaboration; independence; health; and communication. Furthermore, according to Dilfa et al. (2023), one of the principles of the Independent Curriculum is learning that is tailored to the needs of students. This means that learning can be adapted to the context, culture, environment, and local wisdom, thereby encouraging parental and community involvement.
Physics is one of the subjects taught in the Independent Curriculum. Physics is a branch of natural science that studies various natural phenomena. Physics is essentially divided into three categories: physics as a product, a process, and an attitude (Ainiyah, 2018). Physics encompasses a variety of topics, including work and energy.
Students' ability to think about physics concepts is a crucial aspect of the learning process. This aligns with one of the goals of studying physics, as stated in the Decree of the Head of BSKAP Number 46 of 2025, namely "developing critical, creative, collaborative, and problem-solving thinking skills by applying an understanding of physics in everyday life." Developing critical thinking skills is crucial because it enables individuals to make informed decisions, solve problems efficiently, and engage in creative thought processes. (Doyan et al., 2022; Herlinawati et al., 2024; Kartini et al., 2019).
Students' critical thinking skills are currently still relatively low. Tests have been conducted to evaluate students' critical thinking skills. This test uses the Critical Thinking Skills Assessment which focuses on the topic of work and energy. Based on the test conducted on class XI Fisika TL 1 and Class XI Fisika TL 2 of SMA Negeri 1 Gido using the Critical Thinking Skills Assessment instrument on the material of work and energy, it appears that students' critical thinking skills are in the low category. This assessment is based on 5 indicators of critical thinking, namely, (1) providing simple explanations, (2) building basic skills, (3) drawing conclusions, (4) providing further explanations and (5) strategies and tactics. 
Interviews with two Physics teachers indicated that students' critical thinking skills in learning Physics remain low. This condition is caused by several factors in the learning process. The learning models used, such as problem-based learning (PBL) combined with lectures, discussions, and practice exercises, have not optimally trained students to analyze, evaluate, and draw in-depth conclusions. Furthermore, the teaching materials used are still limited to textbooks that emphasize theoretical aspects and routine practice exercises, thus providing fewer opportunities for students to develop critical thinking through real-world contexts (Muliyadi et al., 2026). Limited learning media, such as the minimal use of animation and simulations, also contribute to less than optimal conceptual understanding, which impacts students' ability to critically analyze and connect concepts. Efforts to use simple experiments have not been optimal due to limited laboratory equipment and facilities. On the other hand, the application of technology in education is still limited and has not been utilized optimally to encourage higher-order thinking processes. Furthermore, the suboptimal integration of culture in learning results in a lack of connection between the material and students' contextual experiences, which in turn hinders the development of their critical thinking skills.
Current teaching materials are still inadequate to support the development of critical thinking skills. Document analysis indicates that the materials teachers use do not optimize the use of ICT. This is despite the fact that nearly all students already have smartphones. Schools also support learning using various technologies, including smartphones. The teaching materials teachers use consist of textbooks and PDF files containing material, sample questions, exercises, and several displayed images. These teaching materials are still lacking in interactivity. The material presented has also not been integrated with local culture or wisdom, which should help students understand concepts more deeply.
Existing problems need to be resolved immediately so that students can optimally improve their critical thinking skills. Proposed solutions include the development of digital teaching materials that prioritize cognitive conflict, integrated with Augmented Reality and Nias ethnoscience, particularly on the topic of business and energy, to strengthen students' critical thinking skills. The combination of learning models emphasizing cognitive conflict, Augmented Reality, and Nias ethnoscience is expected to significantly improve students' critical thinking skills.
The cognitive conflict-based learning model is an approach that presents contradictions in students' minds with the aim of correcting their misconceptions. Misconceptions can reduce students' critical thinking skills because incorrect understandings lead to errors in analyzing and evaluating information. Studies show a significant relationship between misconceptions and critical thinking skills. The more misconceptions students hold, the lower their critical thinking skills (Yolviansyah et al., 2022). Furthermore, mastering accurate knowledge is vital for critical thinking, as without the right concepts, students will have difficulty constructing logical interpretations and arguments (García-Carmona, 2025).
The presentation of conflict will shake up students' initial concepts and reconstruct new scientific concepts (Mufit, Festiyed, et al., 2023). According to Mufit et al. (2022), a learning model based on cognitive conflict supported by experimental videos can make the learning process more meaningful and enjoyable. Through this learning experience, this model not only improves students' conceptual understanding but also develops critical thinking skills. Students are encouraged to examine conflicting information, evaluate evidence, and restructure their understanding based on valid scientific facts. 
In learning that integrates ethnoscience, students are taught science using culture as one of the objects of study (Khusniati, 2022). The use of ethnoscience learning has a significant impact on student competency, both in terms of knowledge and attitudes (Nurcahyani et al., 2021). According to Ardianti et al. (2022), learning that applies ethnoscience can help students cite examples of concepts. This integration of local culture can also trigger critical thinking, as students are asked to examine and compare traditional knowledge with modern scientific concepts. Thus, students not only memorize concepts but also understand, interpret, and assess the relevance of science in real-life contexts.
Learning that applies ethnoscience uses local culture as one of the objects of study. Ethnoscience can be examined from a physics perspective. Many aspects of ethnoscience apply physics concepts, including the ethnoscience of the Moyo and Hombo Batu dances from Nias.
The Moyo dance, also known as the Eagle dance, is a traditional art form originating from Nias Island, North Sumatra. In the past, it was performed at royal gatherings to welcome kings, queens, and honored guests. It is still frequently performed today at traditional wedding ceremonies and various important celebrations. It is generally performed by Nias women. The dance performance involves three main elements: dancers who display distinctive movement patterns, singers who sing special accompanying songs, and musicians who play traditional Nias musical instruments to control the rhythm and tempo, and enhance the expressiveness of the performance (Dakhi, 2024).
Hombo batu is a traditional Nias tradition that initially served as a means of training young people to become formidable warriors in battle (Gea et al., 2023). During this period, fighting was crucial for the South Nias people in defending their territory and controlling other areas. These inter-regional conflicts were known as inter-ri battles (Lase et al., 2021). Over time, the function of hombo batu has shifted to become an icon of cultural tourism in South Nias.
Meanwhile, Augmented Reality (AR) combines two-dimensional and three-dimensional virtual objects into the real world and projects these virtual objects in a highly realistic manner (Marcelita, 2022). AR can present abstract concepts in the learning process, thus providing a visual and interactive learning experience that strengthens conceptual understanding. When implemented in a structured manner, AR-based learning can create an effective learning environment that aligns with the desired goals (Mufit, 2024). Furthermore, the use of AR has the potential to develop students' critical thinking skills through independent exploration, problem identification, and reflection on the learning process they undergo in a digital environment.
Two studies indicate that the application of Augmented Reality in physics learning can effectively improve students' critical thinking skills. The results of Herliandry et al. (2021) study found a significant difference in critical thinking skills between classes using AR-assisted Student Worksheets (LKPD) and conventional classes. Meanwhile, research conducted by Nusroh et al. (2022) showed an increase in critical thinking in the moderate category with excellent validity and user response. The advantage of AR lies in its ability to visualize abstract concepts and increase student interest in learning. However, its weaknesses include the lack of integration of cognitive conflict and ethnoscience, as well as suboptimal improvement in critical thinking skills. These two studies are highly relevant as a basis for developing teaching materials based on the integration of cognitive conflict with AR and Nias ethnoscience.
Based on this description, the development of digital teaching materials that integrate cognitive conflict, Augmented Reality, and Nias ethnoscience is needed to support more interactive and contextual learning. Therefore, this study aims to analyze the effectiveness of digital teaching materials based on cognitive conflict integrated with Augmented Reality and Nias ethnoscience in improving students' critical thinking skills in the topic of work and energy.

Method 

Effectiveness was tested using a quasi-experimental method using a Pretest-Posttest Control Group Design. The pretest aimed to measure students' initial critical thinking skills to determine whether both sample groups had equivalent initial abilities. This design consisted of two randomly selected groups. The first group (the experimental group) received digital teaching materials on work and energy that integrated cognitive conflict, Augmented Reality, and Nias ethnoscience. The second group (the control group) used conventional teaching materials used in schools, namely printed textbooks and PowerPoint presentations.
To measure effectiveness, the study was conducted in two classes: a control class and an experimental class. The population in this study was the XI Fisika TL students of SMA Negeri 1 Gido in the 2025/2026 academic year, who are studying Physics. The sample was selected using simple random sampling, which involves randomly selecting sample members without regard to population strata (Sugiyono, 2020). The randomization process resulted in two groups: the experimental class (XI Fisika TL 1) and the control class (11th grade Physics TL 2).
Both classes underwent an initial critical thinking ability test, resulting in average scores of 35.53 (low category) for TL 1 and 34.39 (low category) for TL 2. The normality test showed a significance level of <0.01 for both classes, indicating that the data were not normally distributed (p<0.05). The homogeneity test between the two groups yielded a p=0.068, indicating that both groups were homogeneous. Furthermore, the Mann-Whitney test yielded a significance level (2-failed) of 0.189, indicating that there was no significant difference in critical thinking ability between the 11th grade Physics TL 1 and 11th grade Physics TL 2.
The effectiveness of this study was assessed through a quasi-experimental field test. The purpose of the effectiveness analysis was to measure students' critical thinking skills. Data on students' critical thinking skills were collected using the Critical Thinking Assessment Instrument. A comparison of learning outcomes between the control and experimental groups was conducted. Concept understanding data is processed through the stages of normality testing, homogeneity testing, and hypothesis testing using SPSS 29 (Statistical Package for the Social Sciences) software.
Result and Discussion

The effectiveness test was conducted by applying the developed teaching materials to students. At this stage, there were two classes: the control class and the experimental class. The experimental class was given treatment using digital teaching materials on business and energy based on cognitive conflict integrated with Augmented Reality and Nias ethnoscience. A pretest was given to both classes before they studied the work and energy material. Meanwhile, a posttest was administered after the students studied the work and energy material. The instrument used to measure students' critical thinking skills consisted of 20 essay questions.
The results of the students' critical thinking assessment, both pretest and posttest, can be seen in Table 1 below.

Table 1. Critical Thinking Assessment Results
	Class
	Indicator
	Pretest
	Posttest

	Experiment
	Provide a simple explanation
	37.78
	76.00

	
	Building Basic Skills
	37.08
	75.50

	
	Draw a conclusion
	35.14
	75.50

	
	Provide Further Explanation
	34.58
	75.00

	
	Strategy and Tactics
	33.06
	73.50

	Control
	Provide a Simple Explanation
	35.42
	71.00

	
	Building Basic Skills
	35.28
	70.00

	
	Draw a conclusion
	33.89
	71.50

	
	Provide Further Explanation
	34.72
	71.00

	
	Strategy and Tactics
	32.64
	68.00



Table 1 shows an increase in critical thinking skills in both the experimental and control classes. This can be seen from the scores for each indicator presented. During the pretest, the control class received an average score of 34.39, categorized as low, and the experimental class received an average score of 35.53, categorized as low. After the treatment, students' critical thinking skills in the control class increased to 70.4, categorized as high, while in the experimental class, they scored 75.1, categorized as high.

Table 2. Results of Normality and Homogeneity Tests
	Class
	Normality Test
	Homogeneity Test

	
	Shapiro-Wilk
	Levena Statistic

	
	Statistic
	Df
	Sig
	Statistic
	Df
	Sig

	Pretest (Experiment)
	0.816
	36
	<0.001
	3.424
	70
	0.068

	Pretest (Control)
	0.874
	36
	<0.001
	
	
	

	Posttest (Experiment)
	0.908
	36
	0.006
	0.596
	70
	0.443

	Posttest (Control)
	0.886
	36
	0.001
	
	
	



The initial stage of testing involved a normality test for both sets of data. The pretest and posttest data from both classes were subjected to a normality test to verify the appropriate statistics for further evaluation of learning effectiveness. Furthermore, a homogeneity test was conducted to determine the homogeneity of the data distribution. The results of the normality and homogeneity tests for the pretest and posttest data are shown in Table 2.

Pretest Data Analysis Results
The normality test indicates that the students' initial critical thinking ability data are not normally distributed. In Table 4.6, the Shapiro-Wilk test results show a significance value (Sig.) for the experimental class of <0.001 and for the control class of <0.001. Because both values ​​are below the 0.05 threshold, the pretest data for both classes do not meet the assumption of normality.
The homogeneity test results indicate that the variance of the pretest data for both classes is uniform. According to the Levene's test results listed in Table 4.6, the significance value obtained is 0.068. Because this value is greater than 0.05, it can be concluded that the variance of the pretest data between the experimental and control classes is equal.
Since the data obtained are not normally distributed, the Mann-Whitney U test can be further analyzed. The results of the Mann-Whitney U test for the pretest can be seen in Table 3.

Table 3. Results of the Mann Whitney U Pretest
	
	Result

	Mann Whitney U
	533,000

	Wilcoxon W
	1199,000

	Nilai Z
	-1.314

	Sig. (2-failed)
	0.189



Table 3 shows a two-tailed significance value (Sig. 2-tailed > 0.05) for students' initial critical thinking abilities, indicating that the proposed H0 is accepted. Thus, the initial abilities of both sample classes, both the experimental class and the control class, are the same. There is no difference in critical thinking abilities between the two sample classes.

Posttest Data Analysis Results
The results of the normality test indicate that the post-treatment data on students' critical thinking skills do not follow a normal distribution. According to the Shapiro-Wilk test shown in Table 4, the significance value for the experimental class is 0.006, while for the control class it is 0.001. Because the Sig. value is less than 0.05, the posttest data does not meet the assumption of normality.
The homogeneity test indicates that the variance of the posttest data in both classes is uniform. According to the Levene's test results in Table 4.6, the significance value obtained is 0.443. Because the Sig. value is greater than 0.05, it can be concluded that the variance of the posttest data is equal.
The results of the Mann-Whitney U test for the Posttest can be seen in Table 4.

Table 4. Results of the Mann Whitney U Posttest
	
	Results

	Mann Whitney U
	465,000

	Wilcoxon W
	1131,000

	Nilai Z
	-2,069

	Sig. (2-failed)
	0.039



From Table 4, it can be seen that the two-tailed significance value (Sig. 2-tailed <0.05) for the posttest of students' critical thinking abilities, which indicates that the proposed H0 is rejected and Ha is accepted. This means that there is a difference in the critical thinking abilities of the experimental class and the control class. This difference is caused by the treatment given to the experimental class. Thus, it can be said that there is an influence of the use of digital teaching materials for business and energy based on cognitive conflict integrated with Augmented Reality and Nias ethnoscience on students' critical thinking abilities.
At this stage, an effectiveness test was conducted on the developed teaching materials. The effectiveness test was carried out by comparing the assessment results from the control class and the experimental class. These results were obtained from the critical thinking assessment scores. The critical thinking assessment consists of a pretest and a posttest. The pretest was an initial test on students, and the posttest was conducted after completing all the material. The results of the effectiveness test conducted using the Mann-Whitney test showed that the digital teaching materials on effort and energy based on cognitive conflict integrated with Augmented Reality and Nias ethnoscience were effective in improving students' critical thinking skills. This occurred due to the impact of combining cognitive conflict-based learning models, Augmented Reality and Nias ethnoscience in the teaching materials.
Learning models based on cognitive conflict play a crucial role in enhancing students' critical thinking skills, as they encourage them to confront and analyze discrepancies between initial concepts and scientific facts. This allows students to evaluate information and reconstruct their understanding (Mufit, Festiyed, et al., 2023). The use of experimental simulations in this model also enhances learning and strengthens critical thinking skills through the analysis of conflicting evidence and information (Mufit et al., 2022). The integration of ethnoscience also strengthens critical thinking skills by encouraging students to compare traditional knowledge and scientific concepts in real-world contexts, enabling them to assess and interpret concepts more deeply (Ardianti et al., 2022; Januarti et al., 2024; Khusniati, 2022; Nurcahyani et al., 2021). In addition, the use of Augmented Reality (AR) supports the development of critical thinking through interactive visualization and independent exploration, which allows students to identify problems, analyze phenomena, and reflect on the learning process in a more meaningful way (Marcelita, 2022; Mufit, 2024).
Research indicates that students in the control class also experienced improved critical thinking skills, even though they did not receive the same special treatment as students in the experimental class. This improvement indicates that throughout the learning process, students continued to participate in activities that supported the development of their thinking. This aligns with Arikunto (2015) view that systematically structured learning can help achieve learning objectives, including developing students' cognitive aspects.
Throughout the learning process, students in the control class continuously attempted to understand the material presented by the teacher through explanations, discussions, and practice exercises. In doing so, they became accustomed to identifying important information, understanding problems, and drawing simple conclusions. These activities demonstrate the gradual development of thinking processes, as explained by Ennis (2011), who argues that critical thinking skills can be developed through activities involving the analysis, interpretation, and evaluation of information.
In addition, students also practice using problems that require understanding and reasoning. As they attempt to solve problems, they are indirectly trained to analyze and consider the correct answer. This process makes students more accustomed to facing problems that require in-depth thought, gradually improving their critical thinking skills.
This improvement is also influenced by students' prior knowledge. Students with a foundation of prior understanding tend to more easily develop critical thinking skills when faced with new material. Thus, the ongoing learning process continues to contribute to the development of their thinking skills. However, when compared to students in the experimental class, the improvement in the control class appears less significant. This is because students in the control class have not yet received learning experiences that specifically require in-depth critical thinking. However, these findings still demonstrate that students have the potential to develop critical thinking skills as long as they are actively involved in the learning process. Similar findings are supported by research by Kurniawan et al. (2021), which states that student engagement in learning can improve their thinking skills.
Conclusion 

Digital teaching materials based on cognitive conflict integrated with Augmented Reality and Nias ethnoscience are effective in improving students' critical thinking in the material of Business and Energy.
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