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	This study aimed to develop valid and reliable modules based on socio-scientific issues for the topic of chemical equilibrium, with a focus on enhancing students' autonomy and critical thinking skills. The Research and Development (R&D) method, following the ADDIE model (Analysis, Design, Development, Implementation, and Evaluation), was employed. Data were collected through interviews, student questionnaires, validation sheets, and user response questionnaires. Validation was conducted by three subject matter experts. Small-scale testing involved individual testing of three students with varying abilities, while user response assessment included one teacher and 20 students from SMAN 8 Mandau, SMAN 5 Pinggir, and SMAN 1 Pinggir. For large-scale testing, a pre-experimental pretest-posttest control group design was used, involving 34 students from class XI A.1 SMAN 8 Mandau. The findings indicated that the module achieved a 92% validation score, indicating high validity. Feedback from small-scale testing identified areas for improvement, while user responses from teachers and students were overwhelmingly positive, with scores of 100% and 90%, respectively. Large-scale testing showed significant improvements in students' autonomy with an N-Gain of 0,64 for the experimental group, compared to 0.10 for the control group and critical thinking, with an N-Gain of 0.71 for the experimental group, compared to 0.50 for the control group. In conclusion, the module was highly valid, received positive feedback, and significantly enhanced students' critical thinking and autonomy in chemical equilibrium.



	
	
	



INTRODUCTION
The Fourth Industrial Revolution era is marked by rapid advancements in science and technology. This rapid development has led to new innovations impacting various sectors such as the economy, culture, and society. Human roles are being replaced by technology, changing how people work, engage, and interact with one another (Tritularsih & Sutopo, 2017). This shift necessitates that future generations develop themselves to thrive in the Fourth Industrial Revolution era (Astuti, Waluya, & Asikin, 2019).
The competitive nature of the 21st century demands four key competencies for the current generation: Critical Thinking and Problem Solving, Creativity and Innovation, Communication, and Collaboration. This presents a significant challenge in education, where educators, especially teachers and future educators, must prepare students to master these competencies.
Critical Thinking aims to enable students to solve various contextual problems using critical and rational logic. It provides information necessary for decision-making and problem-solving and helps students develop strategies and tactics for facing future global competition. Through critical thinking, students can actively and effectively participate in building knowledge (Septiningrum, Khasanah, & Khoiri, 2021).
However, the reality shows that students' critical thinking abilities are not developing well. According to the 2019 PISA (Program for International Student Assessment) results, Indonesia ranks 72 out of 77 countries with a score of 403, below the average score of 493. Similar findings are reported by TIMSS (Trends in International Mathematics and Science Study), where Indonesia ranks 70 out of 78 countries with an average score of 406 (TIMSS and PIRLS, 2019). Several factors contribute to the low critical thinking skills of Indonesian students, including: (1) the education system in Indonesia, (2) the models, approaches, methods, and strategies used in teaching, (3) the learning resources available, (4) students' learning styles, and (5) assessment instruments (Retno, 2017). Therefore, there is a need to improve students' critical thinking skills, one of which can be achieved by developing teaching materials that enhance students' critical thinking abilities.
According to Nurhasnah & Sari (2020), existing teaching materials are often too focused on content, lacking context and variety, and fail to incorporate scientific knowledge to solve problems. The teaching materials provided by schools are limited and do not sufficiently target the development of students' critical thinking skills. This likely contributes to the low level of critical thinking skills among Indonesian students. Efforts to enhance the quality of science education in Indonesia include enriching science teaching materials to focus on improving students' critical thinking abilities (Yulianti, Permanasari, & Heliawati, 2019).
Interviews with three chemistry teachers from SMAN 8 Mandau, SMAN 5 Pinggir, and SMAN 1 Pinggir revealed data on the low critical thinking abilities of students. The chemistry teachers reported that students tend to have low interpretation skills, as well as weaknesses in analysis, evaluation, inference, and explaining their understanding. Additionally, students struggle with self-regulation. This situation indicates a deficiency in critical thinking skills, possibly due to the availability of teaching materials that do not support the enhancement of these skills. Basic theories related to low critical thinking skills suggest that students' critical thinking may also be affected by conventional science learning habits and the neglect of science reading and writing skills as essential competencies (Fuadi, Robbia, Jamaluddin, & Jufri, 2020). Furthermore, students' lack of critical thinking is compounded by their low level of learning autonomy, as they tend to rely heavily on teachers and lack motivation for independent learning.
In high school chemistry, students study the composition, structure, properties, changes, dynamics, and energetics of substances at a molecular level, involving skills and reasoning (Astuti, 2020). Chemistry instruction at this level involves three levels of chemical representation: macroscopic, submicroscopic, and symbolic (Sagita et al., 2017; Sukmawati, 2019). The macroscopic level represents concrete observations where students can directly see phenomena through experiments or daily life experiences (Chusnah et al., 2020; Wilandari et al., 2018). The submicroscopic level provides explanations of macroscopic phenomena using representations of atoms, molecules, or ions, which are not directly observable (Imaduddin, 2018; Hatimah & Khery, 2021). The symbolic level uses symbols, molecular formulas, chemical equations, mathematical equations, graphs, reaction mechanisms, and analogies to represent macroscopic phenomena (Jariati & Yenti, 2020).
Chemistry is often disliked by students, as it is perceived as a difficult and boring subject by many (Muderawan et al., 2019). Students commonly face challenges in learning chemistry due to their lack of study strategies, difficulties in connecting concepts, and the need to use logic, mathematics, and language skills (Zakiyah et al., 2018). Particularly, students struggle with complex chemistry topics that involve extensive mathematical calculations. One indicator of these learning difficulties is the low academic performance observed in chemistry.
Students also encounter difficulties with the topic of chemical equilibrium, which involves abstract concepts and significant mathematical calculations, making it challenging to understand. Research by Indriani et al. (2017) indicates that students struggle with dynamic equilibrium concepts, often mistakenly believing that in equilibrium reactions, reactants are entirely consumed and only products remain. They also misunderstand that equilibrium means the reaction has stopped, with equal concentrations of products and reactants. Difficulties with equilibrium constants arise because students cannot correctly write these constants. Chemical equilibrium is an abstract concept where many students find it hard to grasp the dynamic nature of equilibrium reactions, partly due to previous limited explanations of one-way reactions. This is reflected in the low scores students achieve in this topic.
Given the characteristics of chemistry learning, it is necessary to develop teaching materials that meet students' needs and provide innovative solutions to enhance learning processes and critical thinking skills. Although there are many alternative teaching materials available, few have been developed by teachers to boost students' critical thinking. One promising option is the development of teaching modules. Modules are chosen based on their ability to encourage independent learning, ultimately fostering students' learning autonomy.
A module is a systematically and thoroughly organized teaching material written in accessible language, appropriate for the students' level of knowledge and age, allowing them to learn independently with minimal guidance from educators. Modules are designed to facilitate independent learning and are created according to an analysis of students' needs to achieve learning objectives (Ferenčíková, 2017).
Literature studies indicate that modules utilizing the Socio-Scientific Issues (SSI) approach can enhance students' critical thinking abilities. SSI is a method that aligns with the Merdeka curriculum and encourages students to investigate, discuss, and find solutions to societal issues. According to Handayani & Hastuti (2018), SSI focuses on real-world social problems, helping students improve their critical thinking skills by presenting issues and phenomena relevant to their world.
Through SSI, students can hone their abilities to enhance critical thinking skills. Chemistry education, as part of science learning, often focuses solely on achieving core knowledge without addressing other aspects, such as thinking skills. Instruction that fosters thinking skills helps students become accustomed to solving problems they encounter in their daily lives. An integrated teaching material based on SSI (Socio-Scientific Issues) is needed to develop thinking skills, including critical thinking (Firdaus & Wilujeng, 2018).
Based on the analysis of teaching materials used by teachers at SMAN 8 Mandau, SMAN 5 Pinggir, and SMAN 1 Pinggir, it was found that the materials are not based on SSI. Teachers have not yet incorporated social issues or encouraged contextual thinking in their teaching. The limited use of SSI in teaching materials indicates a lack of optimal efforts related to the development of teaching materials to address the weaknesses of the current science teaching materials (Rostikawati & Permanasari, 2016).
Linking real-world issues to chemistry content in schools through SSI-based teaching materials is essential for improving students' understanding of chemistry concepts in everyday life and developing their critical thinking skills. The development of modules is necessary so that students have learning materials they can use independently, both in and out of school. Teaching materials that present specific issues can expose students to debate and discussion. Science is not just about discovering and presenting facts, but also about building arguments, considering them, and debating various explanations of phenomena (Imaduddin & Khafidin, 2018).
Based on the above, to foster students' critical thinking and learning autonomy, especially in the topic of Chemical Equilibrium, teachers need teaching materials in the form of SSI-based modules that can present chemical equilibrium content linked with social issues. Therefore, the author intends to conduct research on "The Development of SSI-Based Modules on Chemical Equilibrium to Enhance Students' Critical Thinking and Learning Autonomy."
METHODS
Research on the development of modules based on socio-scientific issues (SSI). designed using a mixed -method approach with a quasi-experimental research design through pretest-posttest, non-equivalent control group design, and the ADDIE development model. This development research was carried out at SMAN 8 Mandau in the even semester of the 2023-2024 academic year. The trial was carried out at di SMAN 8 Mandau, SMAN 5 Pinggir and SMAN 1 Pinggir in 2024. In the development stage, the entire population of students in class X of SMAN 8 Mandau, SMAN 5 Pinggir and SMAN 1 Pinggir were used. who has studied chemical equilibrium. For the purposes of small-scale product testing, namely one-on-one testing involving 3 class XI students at SMAN 8 Mandau who have high, medium and low academic levels. User responses involved 3 teachers and 30 students in class XI of SMAN 8 Mandau, SMAN 5 Pinggir and SMAN 1 Pinggir, and 1 experimental class was used. Then the population in the large-scale trial was all students in class X at SMAN 8 Mandau. The sample used was 30 class X students of SMAN 8 Mandau. The sampling technique in this research used a purposive sampling technique , (Sugiyono, 2017) states that purposive sampling is a sampling technique with certain considerations .
The data collection techniques used were interviews, questionnaires, validation sheets, teacher response questionnaires, student response questionnaires, description tests of students' critical thinking abilities, description tests of students' environmental care abilities, and documentation .
Validation Sheet Analysis
The validation assessment was carried out by 6 expert lecturers as validators, namely 3 material experts and 3 media experts. Giving meaning and making decisions about product modules based on socio-scientific issues in chemical equilibrium will use the achievement level conversion in Table 1 .
[bookmark: _Toc141720219]Table 1 Validity Criteria for Validator Assessment Questionnaire Data
	Percentage (%)
	Criteria

	81-100
	Very feasible / very valid / does not need to be revised

	61-80
	Eligible / valid / no need for revision

	41-60
	Inadequate / invalid / needs revision

	21-40
	Not feasible / invalid / needs revision

	< 20
	Very inappropriate / very invalid / needs revision


(Arikunto, 2010)

Analysis of Teacher Response Questionnaires
The teacher response questionnaire assessment was carried out by 3 chemistry teachers to obtain teachers' responses to the use of modules based on socio-scientific issues in chemical equilibrium material in the chemistry learning process. The results of the average score from the teacher response questionnaire that were obtained were then converted into qualitative data to determine the criteria for using modules based on socio-scientific issues which can be seen in Table 2.
[bookmark: _Toc141720220]Table 2 Questionnaire Response Criteria Interval
	Percentage (%)
	Criteria

	81-100
	Very good

	61-80
	Good

	41-60
	Good Enough

	21-40
	Not good

	< 20
	Very Not Good


(Arikunto, 2010)

Analysis of the Influence of Teaching Materials	
	After the data is collected, the next stage is analyzing the data and interpreting the results. Data analysis was carried out with the aim of seeing whether the proposed hypothesis was accepted or rejected. The data analysis stage includes:
a. Normality test
	The normality test aims to see whether the data is normally distributed or not. The normality test can be carried out using the Kolmogrov-Smirnov test using SPSS 26.
b. Hypothesis Test
	Hypothesis testing in this research was carried out on data on students' character values and conservation attitudes. Hypothesis testing in this research is the t test which can be carried out if the data obtained is normally distributed. Independent sample t-test hypothesis testing was carried out with the help of SPSS V 23.

FINDINGS AND DISCUSSION
a. [bookmark: _Toc126747825]Analysis
Initial analysis at this stage carried out observations and interviews with three chemistry teachers who taught at schools that had implemented the independent curriculum, namely SMAN 8 Mandau, SMAN 5 Pinggir and SMAN 1 Pinggir. The interview results showed that chemistry lessons were considered difficult and less interesting. This can be caused because chemistry is related to complex material and requires intellectual intelligence and greater effort to understand it (Susilaningsi, 2019) . According to Akram, (2017) the lack of student interest in chemistry can be caused by several factors, including the methods used by teachers in the learning process that are not in accordance with the methods preferred by students. This problem is a challenge that teachers must face in presenting chemistry lessons to students, so that the selection of teaching materials, methods and learning models is an important thing that must be considered.
The results of interviews with chemistry subject teachers from the three schools stated that students' interest in learning was still low so that the learning carried out was not optimal. The continued use of teaching materials that are less interesting and have not been linked to everyday life can be a cause of low critical thinking abilities. Apart from that, the use of learning media that is inadequate and does not involve students will make them quickly bored while learning (Dawati, 2019) 
b. [bookmark: _Toc126747826]Design
	At the planning stage there are aspects of the media design that will be developed. Module design based on a socio-scientific issues approach as a form of solving problems found in the preliminary analysis research phase. The instrument used to assess the quality of teaching materials is a questionnaire which contains an assessment of teaching materials in the form of an Module based on this socio-scientific issues approach. In this stage, researchers create a product assessment questionnaire instrument grid. The contents of the Module prototype based on a socio-scientific issues approach are prepared referring to indicators of competency achievement and learning materials that have been described at the curriculum analysis stage. Contents of the Module taken from sources, namely high school/MA chemistry books, college chemistry books and the internet that are relevant to chemical equilibrium material. The design of the module display based on a socio-scientific issues approach is carried out by preparing a storyboard. A storyboard is a series of diagrams that show the sequence of display and visualization of ideas from the prototype created, so that it can provide an overview of the resulting prototype (Kunto Imbar, 2021) . The sequence of module display design that has been carried out can be explained as follows:

1) module cover page display design
Module cover page was created using the Photoshop program by utilizing the polygon tool menu, clipping mask, blending and type tool. The cover page consists of: (a) module title ; (b) Name of subject, class and semester; (c) Tut Wuri Handayani, Riau University and K-13 logo; (d) Image depicting the title of the module or course; (e) Author's identity .
2) module content display design
	module content display was designed using Publisher 2013 by utilizing the shape menu, shape fill, text box and background. The order of content display in the module consists of introduction, core and conclusion.
a) The introductory part consists of: (1) Foreword; (2) Table of contents; (3) Introduction; (4) SSI approach; (5) module description; (6) steps for use; (7) learning outcomes.
b) The core part is 4 learning activities in the module according to the material that will be provided in the learning process. The display sequence in modules 1-4 consists of: (1) Competency achievement indicators; (2) Learning Objectives; (3) Material description; (4) Conclusion; (5) Independent Assignment; (6) Practice Questions.
c) The closing section is a bibliography which is a reference for the material in the module.

c. [bookmark: _Toc126747827]Development
The development phase involves two processes: prototyping and material validation.
1) The prototyping process 
	The Prototyping Process is the process of realizing the design in a storyboard that has been previously designed into an module prototype based on a socio-scientific issues approach to the actual appearance. Application for developing teaching materials with the help of Publisher 2013 in such a way that it is interesting in presenting learning materials.
2) Validation
	The validation stage consists of material validation and media validation involving 6 expert lecturers each for the module based on a socio-scientific issues approach to chemical equilibrium.
a) Material Validation
	Assessment by 3 material validators using a validation sheet in the form of a 1-4 Likert scale. Material expert validation assessments are based on content, pedagogical, language and graphic aspects. The results of the average percentage of each aspect of the material validation assessment can be seen in Table 3.


[bookmark: _Toc106010424][bookmark: _Toc126746863]Table 3 Percentage of Material Expert Validation Results
	No.
	Rated aspect
	Percentage (%)

	
	
	Validation I
	Validation II

	1
	Content Eligibility
	54
	89

	2.
	Pedagogy
	67
	93

	3.
	Language Assessment
	60
	94

	4.
	Graphics
	64
	99

	Average
	61
	94



	The material validation stage was carried out twice. In the first validation, the average percentage obtained from the 4 aspects was 61% with the valid category. Even though valid results were obtained, in the first validation suggestions were also obtained from each material validator to improve the  Module , so that the researcher carried out revisions and a second validation in order to obtain an module based on a better socio-scientific issues approach. After revisions were made based on suggestions from the validator, in the second validation the percentage rose to 94% with a very valid category .


d. [bookmark: _Toc126747838]Implementation
	Step This that is do media implementation deep learning learning process at school. By doing one-on-one trials, try them out small scale and large scale trials involve students to find out Student responses to e- module materials based on a socio-scientific issues approach.
1) Test each one one by one
	Test one by one to e- module based on a socio-scientific issues approach involves 3 person    XII students at SMAN 8 Mandau who have studied chemical equilibrium material in class XI is tested on one person first, then after completion it is continued with the next person, and so on. All three is participant educate Which own level ability academic Which different, that is tall, currently And       low. The comments and suggestions given by students can be seen in Table 5.
[bookmark: _Toc126746874]Table 5 Student Comments and Suggestions on the One-on-One Test
	Student Code
	Comments and Suggestions

	MM
	Comments and suggestions: The module design is attractive, but there aren't enough example questions. I hope future modules will include more example problems.

	NA
	Comments and suggestions: In my opinion, this socio-scientific issues-based module is already at a stage where no improvements are necessary. The design is appealing, the formulas are easy to understand, and it greatly facilitates learning.

	PA
	Comments and suggestions: I think the provided module is good and impressive, and it greatly helped me while studying, but there are still some parts that confuse me.

	PDY
	Comments and suggestions: In my opinion, this module is suitable for chemistry learning because the explanations and example questions are fairly comprehensive. I hope this module will be useful for the future of the nation's children.

	ES
	Comments and suggestions: I hope this module benefits many people. The module is already good, attractive, and cool.

	JSM
	Comments and suggestions: In my opinion, no improvements are needed for the socio-scientific issues-based module because the chemical equilibrium module is easy to understand and very engaging to read.

	CPT
	Comments and suggestions: I think this module is already very good and interesting to study.

	MCM
	Comments and suggestions: This chemical equilibrium module is very comprehensive, and everything is discussed in detail, which makes it interesting to me.

	EG
	Comments and suggestions: This module is excellent for use in chemistry learning (without improvements) because it includes many easily understandable explanations along with attractive illustrations.

	Conclusion
	Comments: The module is well-designed and helps students learn, but it still needs more example problems.

	Suggestions: Add more example questions along with explanations.


	
	Based on interviews with students in one-on-one tests, clarity The learning in the module was considered good, except that there was limited vocabulary not standard so it must be corrected. In the aspect of impact for users, participants students assess that module have a positive impact on them because they can make them better understand the material presented in various content multimedia And module _ given Also easy used as well as in accordance with mindset participant educate. This is because the module has an attractive appearance, is unique, and is easy to use. The same thing was conveyed by Adawiyah & Hadisaputra (2020) Interesting teaching materials can make students more interested and motivated to participate in learning .
	Based on interviews with students in one-on-one tests, clarity The learning in the module was considered good, except that there was limited vocabulary not standard so it must be corrected. In the aspect of impact for users, participants students assess that module have a positive impact on them because they can make them better understand the material presented in various content multimedia And module _ given Also easy used as well as in accordance with mindset participant educate.
2) Small-scale trials
	At this stage, the researcher acts as an observer and does not interact with users. Small group trial responses were obtained from 3 teachers chemistry And 30 participant educate with method give questionnaire response test try small scale. Data collection on small-scale trial responses was carried out at SMAN 8 Mandau, SMAN 5 Pinggir and SMAN 1 Pinggir.
a) Teacher response questionnaire data
	User responses with chemistry teacher response questionnaire data at 3 schools, namely SMAN 8 Mandau, SMAN 5 Pinggir and SMAN 1 Pinggir . User responses involving teacher assessment are carried out by first providing an module based on a socio-scientific issues approach , then teachers are given time to look at the module carefully before providing an assessment using a response questionnaire . The results of the teacher's response questionnaire are presented in Table 6.
[bookmark: _Toc126746875]Table 6 Teacher Response Questionnaire Data
	Respondent
	Percentage (%)
	Criteria

	Teacher 1
	100
	Very good

	Teacher 2
	100
	Very good

	Teacher 3
	100
	Very good

	Average
	100
	Very good



	Response Teacher to module based on an overall socio-scientific issues approach assessed very Good with achievement percentage as big as 100%. Results This in line with study development module by Apriani et al . (2021) Which obtained teacher response assessment results with an average percentage of 100% categorized as very Good .
b) Student response questionnaire data
Stages of obtaining user responses from the results of student response questionnaires involving 30 class XI Science students with 10 students each from 3 school different, that is SMAN 8 Mandau, SMAN 5 Pinggir and SMAN 1 Pinggir. Collecting response questionnaire data involve students implemented by giving module to students, then giving them time to assess the module using a response questionnaire. The results of the student response questionnaire can be seen in Table 7.
[bookmark: _Toc126746876]Table 7 Student Response Questionnaire Data
	School
	Percentage (%)
	Criteria

	SMAN 8 Mandau
	90
	Very good

	SMAN 5 Pinggir
	90
	Very good

	SMAN 1 Pinggir
	90
	Very good

	Average
	90
	Very good



	Based on Table 7, it can be seen that the results of distributing questionnaires to obtain student responses at 3 schools obtained an average of 90%. This means that the module is based on a socio-scientific issues approach which has been developed has received a very good response from students. These results are in accordance with research on module development by Apriani et al . (2021) who obtained student response assessment results with an average percentage of 90% in the very good category. This shows that the module that has been developed is able to attract students' attention because it is considered to have an attractive appearance, making them more enthusiastic and motivated in learning, presenting material using multimedia so that it is easy to understand and more learning activities increasing student activity. Based on the results of small-scale tests, it can be concluded that the module is based on a socio-scientific issues approach has received a very good response from teachers and students as users. After going through the validation and small-scale testing stages, then revisions were carried out, the final product of the module was produced .

3) Large Scale Trials
	The Large Scale Trial stage carried out is an effectiveness test product. Field trials were carried out at SMAN 8 Mandau on participants Class XI IPA 2 students totaling 34 people as experimental and classroom classes X Science 1 Which amount 32 person as control class.
a) Learning Autonomy
Learning Autonomy data was obtained from the results of a questionnaire given to students to determine the level of environmental care ability before and after using an module based on a socio-scientific issues approach. This data can be seen in Table 8.

Table 8 Data on the results of students' Learning Autonomy
	No.
	Learning Autonomy Indicator
	Persentase (%)

	
	
	Experimental Class
	Control Class

	
	
	Before SSI Module 
	After SSI Module
	Before Module
	After Module

	1.
	Emotional Autonomy
	61
	86
	60
	65

	2.
	Behavioral Autonomy
	59
	84
	58
	66

	3.
	Value Autonomy
	65
	86
	64
	65

	Average Combined Percentage 
	62
	85
	61
	65



	Table 8 shows that students' Learning Autonomy obtained a combined average percentage of 71% before using the e-module based on a socio-scientific issues approach and increased to 87% after using the module. This data shows that students' Learning Autonomy increase after taking part in learning using e-modules based on a socio-scientific issues approach. Data from normality test data for environmental care capabilities can be seen in Table 4.21.

[bookmark: _Toc149886424][bookmark: _Toc106010443][bookmark: _Toc138671346]Table 9 Normality Test Results for Environmental Care Capability Data 
	Environmental Care Capability Data
	Kolmogorov-Smirnov

	
	Statistics
	df
	Sig.

	previous experiments
	0.147
	34
	0.053

	experiment after
	0.117
	34
	0.200*

	control before
	0.147
	32
	0.054

	control after
	0.107
	32
	0.200*



	Table 9 shows that the data values for students' Learning Autonomy before and after using the module each obtained a significance value of >0.05. This means that the data on students' Learning Autonomy is normally distributed because it has a sig value> 0.05. Based on these results, the environmental care capability hypothesis test will be carried out with parametric statistics using the independent sample t test. Hypothesis test results data on students' Learning Autonomy can be seen in Table 10.
[bookmark: _Toc149886425][bookmark: _Toc138671347]Table 10 Hypothesis Test Results Environmental Care Capability Data 
	
	F
	Sig.
	t
	df
	Sig. (2-tailed)

	
	
	
	
	
	

	Mark
	Equal variances assumed
	0.340
	0.562
	     10.543
	64
	0.000

	
	Equal variances not assumed
	
	
	10.464
	58.588
	0.000



	Table 10 shows the results of the hypothesis test for environmental care capability data using the paired t test obtained a significance value of 0.000. This means that Ha is accepted because the sig value is <0.05, so it can be stated that there is a significant difference from the application of module s based on a socio-scientific issues approach to the Learning Autonomy of class XI students at SMAN 8 Mandau. Based on this statement, it can be concluded that module based on a socio-scientific issues approach have an influence on students' Learning Autonomy in chemical equilibrium material. The results of this research are in line with research by Munifatun Muthoharoh, et al (2017) that the application of the socio-scientific issues module has an effect on students' Learning Autonomy as seen from the Learning Autonomy which increase after participants use the module in chemistry learning.
The results of measuring critical thinking skills can be presented in the form of descriptive statistics in the form of average values (mean) and improvements for both the control class and the experimental class. These results can be presented in the following table.
b) Critical Thinking Skills
[bookmark: _Toc126746877][bookmark: _Toc138671348][bookmark: _Toc149886426]Table 11 Descriptive Statistics Value of critical thinking skills
	
	Experimental Class
	Control Class

	
	Pretest
	Posttest
	Pretest
	Posttest

	Sample
	34
	34
	32
	32

	Average
	29,8
	76
	30,1
	64,9

	Max Value
	62
	92
	62
	87

	Min Value
	20
	61
	20
	49



	Based on the data in Table 4.11, it can be seen that the total sample consisted of 34 students in the experimental class and 32 students in the control class. The average score of the experimental class before the learning process was 29.8, which increased to 76 after the learning process. In the control class, the average score before the learning process was 30.1, and it increased to 64.9 after the learning process. Eastwood (2012) indicates that students in the experimental class, who used socio-scientific issues (SSI)-based modules, achieved better learning outcomes compared to those in the control class. SSI-based modules not only enhance understanding of scientific concepts but also develop critical thinking and moral reasoning skills.
[bookmark: _Toc126746878][bookmark: _Toc138671349][bookmark: _Toc149886427]Table 12 Normality test of critical thinking skills
	Class
	Kolmogorov-Smirnov
	Conclusion

	
	Sig.
	

	Pretest
	Experiment
	0.053*
	Normal Distribution

	
	Control
	0.054*
	Normal Distribution

	Posttest
	Experiment
	0.200*
	Normal Distribution

	
	Control
	0.200*
	Normal Distribution



	Based on the significance level in table 12 which has been presented for the normality test, it shows that the pretest and posttest critical thinking ability scores for the control and experimental classes are normally distributed, this is indicated by a significance level of more than 0.05 or p>0.05. So it can be concluded that all data is normally distributed . Based on the results of these prerequisite tests, parametric testing can be continued so that the data will be analyzed using the Independent Sample T-Test.
[bookmark: _Toc126746879][bookmark: _Toc138671350][bookmark: _Toc149886428]Table 13 T-test of critical thinking skills
	
Class
	t-test for equality of means
	
Conclusion

	
	F
	t
	df
	Sig. (2-tailed)
	

	Pretest
	Experiment
	0.011
	0.145
	64
	0.885
	Ha Accepted
(There are differences)

	
	Control
	
	
	
	
	

	Posttest
	Experiment
	0.797
	4.677
	64
	0.000
	

	
	Control
	
	
	
	
	



	Based on the results of the Independent Sample T-Test statistical test above, the sig (2-Tailed) t test value for students' critical thinking skills is 0.000. Because the sig (2-Tailed) value is <0.05, H0 is rejected and Ha is accepted. Thus, it can be concluded that there is a significant difference in students' critical thinking skills between the experimental class and the control class. The increase in students' critical thinking skills in the control and experimental classes can be seen through calculating the normalized gain score . The analysis results are shown in the following table.
[bookmark: _Toc126746880][bookmark: _Toc138671351][bookmark: _Toc149886429]Table 14 Data on improving learning outcomes in the experimental and control classes
	Class
	Average
N-Gain Score
	Category
	Frequency
	Percentage (%)

	Experiment
	0.71 (high)
	Tall
	20
	59

	
	
	Currently
	14
	41

	
	
	Low
	0
	0

	Amount
	37
	100

	Control
	0.50 (medium)
	Tall
	2
	6

	
	
	Currently
	28
	88

	
	
	Low
	2
	6

	Amount
	38
	100



	Based on the results of the analysis above, it can be seen that the average gain score for students' critical thinking skills in the control class is 0.50, which is included in the medium category. Meanwhile, the average gain score for critical thinking skills in the experimental class is 0.71 and is included in the high category, so it can be concluded that there is a difference in critical thinking skill scores between the control class and the experimental class. In the experimental class there was an increase in learning outcomes with an average N-Gain of 0.71. This value is included in the high category (0.30 ≤ 𝑁 − 𝐺𝑎𝑖𝑛 ≤ 0.70).
e. [bookmark: _Toc126747847]Evaluation
	The evaluation stage in this study can be carried out at each phase of the ADDIE model. The evaluation aims to analyze the data obtained from the research results, which include (1) analysis, consisting of preliminary analysis, learner analysis, curriculum analysis, and material analysis, (2) developing assessment instruments for teaching material quality, product design (storyboard), material preparation, and gathering tools and materials, (3) development, including validation by subject matter and media experts, and (4) implementation, consisting of individual trials, limited trials, and field trials. The final results of the evaluation stage show that the product developed in the form of a module is highly valid, receives positive responses from both teachers and students, and can enhance critical thinking skills.
This study also faced some challenges in the field, especially in relation to modules based on the socio-scientific issues (SSI) approach. Through the SSI-based module, students are guided to organize all the knowledge they have as well as real-life situations to solve problems. According to Erduran, S., & Dagher, Z. R. (2014), the SSI approach can be applied in science education to develop students' argumentation skills in the context of social and scientific issues. Meanwhile, Hodson (2003) emphasizes the importance of connecting science education with social contexts and how the SSI approach can be used to link scientific knowledge with social issues in everyday life. Learning becomes more meaningful, and students are able to develop their ability to apply the concepts they have in situations where these concepts are relevant. This aligns with the theory of meaningful learning, which emphasizes the importance of associating experiences, certain phenomena, and all facts acquired by students with previously learned concepts (Sirmayeni, 2023). Critical thinking skills are influenced by intelligence. Students with higher intelligence will find it easier to enhance their problem-solving abilities (Ausubel, 2000). In addition to improving critical thinking skills, they will indirectly enhance their problem-solving skills.
Furthermore, the module, consisting of structured and engaging task sheets, motivates students during learning, thus improving their critical thinking abilities. This is consistent with research on the use of modules in contextual learning, which shows a significant difference in pre-test and post-test scores related to students' learning independence and critical thinking skills. According to Miller, K. A., & Stears, M. (2013), the use of modules can enhance students' understanding of science concepts and positively impact their critical thinking skills. Meanwhile, Suhartono, D., & Asiyah, M. (2014) stated that learning influences students' learning independence and outcomes, which are linked to their critical thinking abilities.
Based on this, students can improve their critical thinking skills through SSI-based modules. This approach allows students to practice higher-order thinking processes and develop skills in gathering information and understanding chemical equilibrium, as well as increasing their learning independence.
CONCLUSION
	Based on the research conducted, it can be concluded that the SSI-based module on chemical equilibrium, designed to enhance critical thinking and student autonomy, has been confirmed as highly valid. Initial validation yielded a material validity percentage of 68%, which improved to 92% after revisions based on expert feedback, categorizing it as highly valid. The module received very positive feedback from both teachers and students, with approval rates of 100% and 90%, respectively. Additionally, the module significantly improved students' critical thinking skills, as shown by an N-Gain value of 0.71 in the experimental class, compared to 0.50 in the control class. Moreover, the SSI-based module positively impacted student autonomy, as shown by an N-Gain value of 0.64 in the experimental class, compared to 0.10 in the control class, and evidenced by increased scores in autonomy questionnaires and a significance value of 0.000 in the paired t-test, demonstrating its effectiveness in enhancing student independence.
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