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ABSTRACT 

	This study examined the effectiveness of the Problem-Based Learning model based on Academic Honesty (PBL-KA) in improving students’ scientific literacy on buffer solution material at SMA Negeri 23 Makassar. Using a quasi-experimental Pretest–Posttest Control Group Design, 66 students were divided into an experimental group (PBL-KA) and a control group (conventional learning). Data were collected through scientific literacy tests and academic honesty observations. The results showed a statistically significant difference between the two groups (Zₕ = 1.68 > Zₜ = 1.64, α = 0.05), with the experimental group achieving a higher average literacy score (78.4) than the control group (73.9). Students in the experimental group also demonstrated a progressive increase in academic honesty (mean score = 9.1, high category). These findings indicate that the PBL-KA model not only enhances scientific literacy but also fosters honesty and integrity, making it a valuable pedagogical approach for modern science education. The model offers practical guidance for teachers and curriculum developers seeking to integrate ethical values into contextual chemistry learning aligned with the Independent Curriculum.
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1. INTRODUCTION

Chemistry education at the senior high school (SMA) level plays a strategic role in shaping students' scientific thinking skills, scientific attitudes, and character. In the era of 21st-century educational transformation, students are required not only to understand chemical concepts theoretically but also to be able to apply them in real-life contexts, accompanied by strong moral values ​​and scientific integrity. Chemical literacy, as a form of scientific literacy, is an important foundation in facing global challenges such as environmental, technological, and health crises. However, various studies show that high school students' chemical literacy skills are still relatively low due to the dominance of expository, teacher-centered, and minimally contextual learning approaches (Noor, 2021). This gap demonstrates the need for innovative learning models that emphasize not only conceptual understanding but also character development, particularly the value of academic honesty, which is the foundation of students' scientific integrity (Noor, 2021; Latif et al., 2024).
Chemical literacy is not only the ability to understand chemical symbols, formulas, or reactions, but also encompasses the competence to interpret, evaluate, and apply chemical knowledge to solve contextual problems. Several studies have shown that chemical literacy encompasses three main dimensions: conceptual knowledge, scientific competence, and applicative contexts connected to social and environmental issues (Parmin et al., 2022;  2023; Noor, 2021). Research by Endah Ratna (2019) shows that the use of contextual questions based on chemical literacy can improve students' ability to relate chemical concepts to everyday life phenomena. Furthermore, a contextual approach encourages students to think critically, reflectively, and responsibly about the social impact of the application of chemistry (Sydorova, 2025). Therefore, improving chemical literacy cannot be achieved solely through traditional learning strategies but requires a problem-based approach that actively engages students in the scientific thinking process and ethical decision-making.
The conventional approach to chemistry learning often emphasizes only lower-order cognitive aspects, such as remembering and understanding concepts, while scientific skills, argumentation, and academic honesty receive less attention (Sutrisna, 2021). Research shows that the problem-based learning (PBL) approach is effective in enhancing scientific thinking and science communication skills because it is oriented toward solving authentic problems (Sutrisna, 2021; Latif et al., 2024). In the context of chemistry learning, PBL can facilitate students in formulating hypotheses, analyzing experimental data, and drawing conclusions based on scientific evidence, thereby improving chemistry literacy skills. Research conducted Pangesti et al. (2025); (Alwi et al., 2022) on PBL in various fields also supports the efficacy of PBL in improving critical thinking and problem-solving abilities in students (Gamage et al., 2020). Research conducted by Pozuelo-Muñoz et al (2023) on 111 high school students indicated that the implementation of inquiry and PBL based modules significantly improved oral and written scientific communication skills, as well as understanding of scientific concepts. Research by Ansya & Salsabilla, (2025) which integrates Canva into PBL, further enriches the student learning experience, fostering creativity and enhanced understanding through interactive project-based tasks. This confirms that PBL can serve as a superior alternative to overcome the limitations of the expository teaching model that has long dominated chemistry classrooms.
The value of academic honesty is one of the main elements of character education that is relevant in the context of science learning. Academic honesty includes the attitude of not committing plagiarism, not manipulating experimental data, and being willing to admit mistakes in the scientific process (Noor, 2021;Sari et al., 2025). A study conducted by Noor (2021), emphasizes that character education integrating the value of academic honesty has a significant impact on the formation of students’ scientific integrity. In the context of chemistry learning, academic honesty can be internalized through laboratory activities, research-based projects, and scientific discussions, so that students become accustomed to prioritizing accurate data and evidence-based argumentation. This approach aligns with Rehman et al. (2024) view that inquiry- and problem-based learning provides space for students to develop scientific attitudes, including honesty in the process of seeking and reporting scientific results.
The integration of academic honesty values ​​into the PBL model is an important innovation in developing character-based chemical literacy, as shown in the study by (Pangesti et al., 2025), which also highlights how PBL models can instill honesty in scientific practices and discussions.PBL not only encourages students to actively think critically and creatively but also places them in situations that demand ethical decision-making in the scientific process (Sydorova, 2025; Listiani, 2025). In problem-solving activities, students are trained to formulate hypotheses honestly, report experimental results without manipulation, and have the courage to admit analytical errors (Goes et al., 2020). This aligns with Listiani (2025) view that academic honesty is a crucial dimension in strengthening scientific literacy because it shapes students' integrity of thought and social responsibility. Thus, PBL integrated with academic honesty values ​​not only strengthens students' cognitive competence in understanding chemical concepts but also builds moral awareness and scientific attitudes, which are the main characteristics of academics with integrity.
Several studies support the effectiveness of PBL implementation in improving chemical literacy and academic honesty. Research by Rehman et al. (2024) found that through a problem-based guided inquiry module, students were able to improve their scientific writing and speaking skills with a high level of accuracy and clarity of scientific language. Similar results were demonstrated by research by Latif et al. (2024), which proved that collaboration between problem-based learning and inquiry learning can improve chemistry students' learning activities and learning outcomes. Meanwhile, research by Husain & Ramdani (2024) emphasized the importance of integrating scientific projects that combine aspects of chemistry and nutrition through a project-based learning approach to develop critical thinking competencies and scientific responsibility values. Another study by Listiani (2025) showed that internalizing honesty values ​​in active learning positively impacts students' academic behavior, particularly in reducing dishonest practices such as copying laboratory reports or manipulating experimental data.
Although various studies have demonstrated the effectiveness of PBL in improving learning outcomes and scientific thinking skills, few studies have explicitly examined the integration of academic honesty values ​​into problem-based chemistry learning models at the high school level ((Guangul et al., 2020;Sutrisna, 2021; Husain & Ramdani, 2024). Most previous studies have focused on cognitive aspects and higher-order thinking skills (HOTS), while affective dimensions such as honesty, responsibility, and scientific integrity have not been systematically integrated into chemistry learning designs. Therefore, this study is novel in developing and testing the effectiveness of a problem-based learning model integrated with academic honesty values ​​to strengthen high school students' chemical literacy. This approach is not only oriented towards learning outcomes but also towards the development of scientific character needed to face the complexity of today's scientific issues and academic ethics.
Although various studies have demonstrated the effectiveness of PBL in improving learning outcomes and scientific thinking skills, few studies have explicitly examined the integration of academic honesty values ​​into problem-based chemistry learning models at the high school level (Pozuelo-Muñoz et al., 2023; Listiani, 2025).Most previous studies have focused on cognitive aspects and higher-order thinking skills (HOTS), while affective dimensions such as honesty, responsibility, and scientific integrity have not been systematically integrated into chemistry learning designs. Therefore, this study is novel in developing and testing the effectiveness of a problem-based learning model integrated with academic honesty values ​​to strengthen high school students' chemical literacy. This approach is not only oriented towards learning outcomes but also towards the development of scientific character needed to face the complexity of today's scientific issues and academic ethics.

2. Materials and methods

2.1 Research Design
This study used a quasi-experimental approach with a Pretest–Posttest Control Group Design. This design was chosen because it allows researchers to test the effect of implementing Problem-Based Learning based on Academic Honesty (PBL-KA) on improving high school students' scientific literacy skills, while maintaining real (non-randomized) classroom conditions.

2.2 Research Location and Subjects
This research was conducted at SMA Negeri 23 Makassar, located at Jl. Perintis Kemerdekaan No. 01, Tamalanrea Indah, Makassar City, South Sulawesi. The research subjects were grade XII students of the 2024/2025 academic year who were divided into two classes:
Class XII A1 (34 students) as the experimental group, and
Class XII A3 (32 students) as the control group.
Class selection was carried out using a purposive sampling technique based on the equality of initial academic abilities and the availability of a chemistry learning schedule for the buffer solution material.

2.3 Research Variables
This research involves two main variables:
1. Independent variable: Problem-Based Learning model based on Academic Honesty (PBL-KA).
2. Dependent variable: Students' scientific literacy skills.
In addition, academic honesty was observed as a supporting variable that plays a role in strengthening the learning process and identifying students' academic integrity during treatment.
2.4 Research Instruments
The instruments used consist of:
1. The Science Literacy Test consists of 25 reasoned multiple-choice questions that measure three dimensions of science literacy: context, competence, and knowledge. Content and construct validity were tested by chemistry education experts and found to be adequate.
2. Academic Honesty Observation Sheet, used to assess students' honest behavior during the learning process (for example, accuracy in reporting experimental results, active discussion, and attitudes towards data errors).
3. Interview and Documentation Guide, to strengthen qualitative descriptive data related to the application of academic honesty values ​​in experimental classes.
All instruments have undergone validity and reliability testing through expert testing and limited field trials, with a reliability coefficient of 0.87, which is categorized as high.

2.5 Research Procedures
The research was carried out through four main stages:
a. Preparation Stage
1. Developing PBL-KA learning tools that integrate academic honesty values.
2. Conducting instrument validation by three expert lecturers.
3. Conduct a pilot test of the instrument on a small group to ensure the readability and clarity of the test items.
b. Experiment Implementation Stage
1. Give a pretest to both groups to determine their initial scientific literacy skills.
2. Implementing learning:
a) The experimental group was taught using PBL-KA for five meetings.
b) The control group learned using conventional methods.
3. Conduct observations of academic honesty behavior during the learning process.
4. Give a posttest to both groups after the treatment ends.
c. Data Analysis Stage
Pretest and posttest data were analyzed to determine the effectiveness of the treatment, while observation data were used to support the quantitative results.


2.6 Data Analysis Techniques
Data analysis was carried out using two approaches, namely descriptive analysis and inferential analysis.
a. Descriptive Analysis
Used to describe pretest and posttest scores, mean, median, mode, and standard deviation data for both the experimental and control groups. This data is also used to determine scientific literacy ability categories (very good, good, sufficient, poor, and very poor).
b. Inferential Analysis
This stage includes:
1. Normality Test (Shapiro–Wilk and χ²) Used to determine whether the data is normally distributed. The test results show that χ²ₕExperimental calculation = 12.69 and χ²ₕControl count = 18.01, both are greater than χ²ₜtable = 7.815, so the data is not normally distributed.
2. Homogeneity Test (Levene's Test / F-Test) Used to determine the similarity of variance between groups. The results show Fₕcalculate = 1.24 < Fₜa table = 1.81, so the data is homogeneous.
3. Hypothesis Testing (Non-Parametric Z Test) Since the data were not normally distributed, the Z test was used to test the difference between the experimental and control groups. The test results showed Zₕcalculate = 1.68 > Zₜabel = 1.64 (α = 0.05), so H₀rejected and H₁accepted — the PBL-KA model has a significant effect on improving students' scientific literacy.


3. Results and Discussion

3.1 General Description of Research Participants
This study involved 66 12th-grade students at SMA Negeri 23 Makassar, consisting of 34 students in the experimental group and 32 students in the control group. The experimental group was taught using Problem-Based Learning based on Academic Honesty (PBL-KA), while the control group used conventional learning.

3.2 Science Literacy Ability Test Results
The data from the science literacy test results were analyzed descriptively to determine differences in achievement between groups.
Table 1. Descriptive Statistics of Science Literacy Test Results
	Statistics / Categories
	Experiment (n=34)
	Control (n=32)

	The highest score
	93
	92

	Lowest value
	59
	55

	Average
	78.4
	73.9

	Standard deviation
	8.3
	9.7

	Very good (%)
	19.6
	14.6

	Good (%)
	54.9
	45.9

	Enough (%)
	22.5
	30.3

	Less & Very Less (%)
	3.0
	9.2


The average scientific literacy ability of the experimental group (78.4) was higher than that of the control group (73.9). Most students in the experimental group were in the good and very good categories (74.5%), while the control group was dominated by the good and sufficient categories (76.2%). These findings indicate that the implementation of PBL-KA contributed to improving scientific literacy abilities.


3.3 Results of the Hypothesis Test of Scientific Literacy Ability
Table 2. Results of the Hypothesis Test of the Science Literacy Ability Test
	Group
	Number of Students
	Zₕcount
	Zₜtest (α = 0.05)
	Conclusion

	Experiment
	34
	1.68
	1.64
	H₀rejected, H₁accepted

	Control
	32
	–
	–
	–


Because of Zₕcount (1.68) > Zₜtable (1.64), then H₀rejected and H₁accepted, meaning that there is a significant difference between the results of the scientific literacy of the experimental and control groups. This shows that the PBL-KA model is effective in increasing scientific literacy compared to conventional learning.
3.4 Results of Normality and Homogeneity Tests
Table 3. Results of the Normality Test of the Science Literacy Test
	Group
	χ²ₕcount
	χ²ₜtest (α = 0.05)
	Conclusion

	Experiment
	12.69
	7,815
	Abnormal

	Control
	18.01
	7,815
	Abnormal


Both groups have χ² valuesₕcount > χ²ₜtable, so the data is not normally distributed. Therefore, hypothesis testing is continued using a non-parametric approach (Z test).
Table 4. Results of the Homogeneity Test of the Science Literacy Test
	Group
	Fₕcount
	Fₜtest (α = 0.05)
	Conclusion

	Experiment
	1.24
	1.81
	Homogeneous


F valueₕcount (1.24) < FₜTable (1.81) shows that the data for both groups is homogeneous, so that comparisons between groups can be made validly.

3.5 Academic Honesty Observation Results
Table 5. Results of Observations on Students' Academic Honesty
	Observation Aspects
	Experiment (n=34)
	Control (n=32)
	Information

	Overall average score
	9.1
	9.7
	Both are considered tall

	High Category (%)
	58.8
	78.1
	Both are dominantly tall

	Medium Category (%)
	26.5
	15.6
	Experiments increase gradually

	Low Category (%)
	14.7
	6.3
	Experiments decrease with each meeting

	Pattern of Change
	Increasing gradually
	Stable
	PBL-KA fosters value reflection


The results showed that the academic honesty of the experimental group increased progressively during learning, while the control group remained stable. This shows that the integration of academic honesty values ​​in the PBL-KA model is able to foster gradual and sustainable changes in ethical behavior.
The results of the study indicate that the implementation of the Problem-Based Learning Model based on Academic Honesty (PBL-KA) significantly improved the scientific literacy skills of students at SMA Negeri 23 Makassar. The results of the hypothesis test using the Z test produced a Z value ofₕcount = 1.68, greater than Zₜabel = 1.64 (α = 0.05). Thus, H₀rejected and H₁accepted, which means there is a significant difference in learning outcomes between the experimental group and the control group.
This improvement aligns with the theory proposed by (Pozuelo-Muñoz et al. (2023), which states that problem-based learning encourages the development of scientific thinking and scientific literacy skills because students are directly involved in the process of inquiry and contextual problem-solving. Students in the experimental group who participated in PBL-KA not only focused on the final results but also engaged in a process of reflection on academic values ​​such as honesty, responsibility, and openness during discussions. This strengthened learning outcomes cognitively and affectively.
The results of the homogeneity test (Fₕcalculate = 1.24 < Fₜtable = 1.81) indicates that the variance between the experimental and control groups is homogeneous, meaning that the initial abilities of both groups are relatively equal. Thus, the difference in posttest results can be attributed to the learning treatment, not to differences in initial abilities. Although the results of the normality test (χ²ₕExperimental count = 12.69; χ²ₕControl count = 18.01) shows that the data is not normally distributed (greater than χ²ₜtable = 7.815), the hypothesis test remains valid because the analysis was carried out using a non-parametric method (Z test) which does not require data normality.
Substantively, these results confirm that the implementation of PBL-KA effectively increases scientific literacy skills significantly and consistently. This increase is driven by three main aspects of learning, namely:
1. Contextualization of problems, which stimulates critical and applicable thinking;
2. Exploratory activities based on scientific honesty, which foster academic responsibility;
3. Reflection of values ​​at the end of learning, which strengthens ethical awareness of the scientific process.
This strengthens Makena (2024) opinion that academic integrity in science learning strengthens the connection between scientific thinking and moral behavior, resulting in a meaningful and ethical learning process. The research results also showed significant improvements in the three dimensions of scientific literacy, namely context, competence, and knowledge.In the context dimension, the experimental group achieved "very good" results at 31.4%, higher than the control group's 21.9%. This indicates that the experimental students' ability to relate chemistry concepts to everyday life and global phenomena improved significantly. According to Sydorova's (2025) findings, contextual and reflective learning can improve scientific literacy because students understand the relevance of scientific concepts to social reality.
In the competency dimension, significant improvements were seen in the ability to explain scientific phenomena, design investigations, and interpret scientific data(Sugiarti et al., 2019). Activities in PBL-KA require students to think systematically and analytically based on evidence, as stated by (Rehman et al., 2024) that problem-based scientific inquiry strengthens scientific thinking skills. The integration of academic honesty in every stage of problem-solving also encourages the objectivity and validity of students' investigation results.
Meanwhile, in the knowledge dimension, the highest achievement was in procedural knowledge (75.47%) in the experimental group, indicating that students understood scientific steps well and were able to carry them out honestly and accurately. (Ariyati et al., 2021)) explained that instilling the value of honesty in science experiments increased the accuracy of results and students' scientific discipline. Thus, the knowledge dimension in the experimental group not only showed an increase in practical skills but also integrity in scientific thinking (Utami & Herawati, 2024).
Observations of academic honesty showed that both groups had high scores, but with different development patterns. The control group had an average score of 9.7, while the experimental group had 9.1, but with a gradual and consistent increase over five meetings. This indicates that PBL-KA is more effective in growing academic honesty progressively, not just maintaining existing honest behavior.
(Latif et al., 2024) stated that internalizing the value of honesty requires repeated reflective experiences in ethically and intellectually challenging learning contexts. PBL-KA provides space for such reflection through activities such as group discussions, experimental reporting, and feedback between students. Students are encouraged to be honest in reporting data, appreciate the results of group work, and reflect on their roles during learning.
Furthermore, Makena (2024) emphasized that academic honesty is positively correlated with critical thinking skills and scientific literacy. Students who are honest in the learning process tend to demonstrate deeper conceptual understanding. Thus, PBL-KA not only improves learning outcomes but also builds academic integrity as part of 21st-century scientific competencies.
The results of the study show that scientific literacy and academic honesty develop in parallel and reinforce each other. Scientific literacy skills will not reach their full meaning without honesty in the scientific process, because honesty is the foundation of scientific validity. Conversely, academic honesty can grow through scientific thinking activities that demand precision, accuracy, and moral reflection.
In the PBL-KA model, the relationship between the two is built through three core elements:
1. Problem orientation, where students are required to pose and solve scientific problems with an honest approach to data and processes;
2. Collaborative reflection, which encourages openness, responsibility, and self-evaluation within the group;
3. Scientific reporting, which strengthens data accuracy and scientific ethics through transparent reporting of results.
Sydorova (2025) emphasized that scientific literacy must always be accompanied by scientific integrity. Without academic integrity, scientific literacy becomes merely a cognitive activity that loses its ethical meaning. In this context, PBL-KA has proven to be a learning model that combines scientific rationality with academic morality, making it relevant to the demands of the Independent Curriculum, which emphasizes character and competency development.
Theoretically, the results of this study strengthen the idea that mastery of scientific literacy and academic character formation must be developed in an integrated manner. The PBL-KA model has been proven to be able to combine both within a contextual, exploratory, and value-based chemistry learning framework. Practically, the application of this model can help teachers in:
1. Integrating the value of honesty into scientific experimental activities and discussions;
2. Increase learning motivation through relevant real problems;
3. Cultivating an academic culture of integrity in the classroom.
However, this study has several methodological limitations. First, the results of the normality test show that the data distribution is not normal (χ²ₕcount > χ²ₜtable) so that the analysis was carried out non-parametrically. Second, this study focuses on descriptive aspects and has not tested the causal relationship between academic honesty and scientific literacy using advanced inferential statistics. Therefore, further research is recommended to use a mixed methods approach to explore the relationship between the two more deeply quantitatively and qualitatively.
Overall, the results of the research and analysis show that the Problem-Based Learning Model based on Academic Honesty (PBL-KA) is effective in improving scientific literacy and academic honesty of high school students. Significant differences in learning outcomes (Zₕcalculate = 1.68 > Zₜtable = 1.64) proves that this model has a real positive impact, even though the data is not normally distributed but homogeneous (Fₕcalculate = 1.24 < Fₜabel = 1.81). Pedagogically, PBL-KA provides a holistic learning experience: strengthening scientific thinking skills, developing social responsibility, and instilling academic integrity.
This finding confirms that PBL-KA is not just a problem-based learning model, but also a scientific character education approach that is relevant to the direction of modern science education. By integrating rationality and academic honesty, this model is able to produce students who are scientifically literate, critical in thinking, and have integrity in acting.


4. Conclusion

Based on the results of the research and analysis that have been conducted, it can be concluded that the implementation of the Problem-Based Learning Model based on Academic Honesty (PBL-KA) is effective in improving the scientific literacy skills of students at SMA Negeri 23 Makassar. The results of the hypothesis test using the Z test show a Z value ofₕcalculate = 1.68 > Zₜtable = 1.64 (α = 0.05), which means there is a significant difference between the experimental and control groups. This means that the implementation of the PBL-KA model has a positive impact on student learning outcomes, especially in the ability to understand, analyze, and apply chemical concepts in various life contexts. In addition, the results of the homogeneity test (Fₕcalculate = 1.24 < Fₜtable = 1.81) shows that both groups have balanced initial abilities, while the normality test (χ²ₕExperimental count = 12.69; χ²ₕControl count = 18.01) indicates a non-normal data distribution. Therefore, the use of a non-parametric approach (Z test) in hypothesis testing is appropriate and statistically valid. Descriptively, the experimental group obtained an average scientific literacy score of 78.4, higher than the control group at 73.9. Improved achievement was also seen in all dimensions of scientific literacy, namely context, competence, and knowledge, with a predominance of the "good" and "very good" categories. Meanwhile, observations of academic honesty showed continued positive development in the experimental group, with an average score of 9.1, indicating a high category. Thus, PBL-KA has been proven to be able to integrate scientific thinking skills with academic character formation. This model not only improves cognitive outcomes but also fosters honest, responsible, and reflective behavior in the learning process. PBL-KA is a learning model that is in line with the direction of 21st-century education and the Independent Curriculum policy that emphasizes character-based learning and scientific literacy.

AcknowledgEments

The author would like to express his deepest gratitude to Makassar State University (UNM) for its financial support through the 2025 Non-Tax State Revenue Research Grant, which has enabled the implementation of this research from the design stage to the preparation of the scientific article manuscript. He also expressed his gratitude to the Principal and Chemistry Teachers of Makassar State Senior High School 23, who have provided permission and assistance during the research data collection process. Sincere appreciation is given to all students of grades XII A1 and XII A3, who participated actively and enthusiastically in the problem-based learning activities that are the focus of this research.

Competing interests

The authors declare that there are no conflicts of interest regarding the publication of this work. All authors confirm that they have no financial or personal relationships with individuals or organizations that could inappropriately influence the content or interpretation of this work.

Authors’ Contributions

Author A designed the study, performed the statistical analysis, wrote the protocol, and wrote the first draft of the manuscript. Author B and Author C managed the study analysis. Author C managed the literature search. All authors read and approved the final manuscript.

[bookmark: _GoBack]

Disclaimer (Artificial intelligence)
Option 1: 
Author(s) hereby declare that NO generative AI technologies such as Large Language Models (ChatGPT, COPILOT, etc.) and text-to-image generators have been used during the writing or editing of this manuscript. 
Option 2: 
Author(s) hereby declare that generative AI technologies such as Large Language Models, etc. have been used during the writing or editing of manuscripts. This explanation will include the name, version, model, and source of the generative AI technology and as well as all input prompts provided to the generative AI technology
Details of the AI usage are given below:
1.
2.
3.

Reference

Alwi, M. I., Sugiarti, S., & Sudding, S. (2022). Pengaruh Model Problem Based Learning (PBL) terhadap Hasil Belajar Peserta Didik Kelas X MIPA SMA Negeri 6 Makassar (Studi pada Materi Pokok Larutan Elektrolit dan Nonelektrolit). ChemEdu, 3(1), 29. https://doi.org/10.35580/chemedu.v3i1.32493
Ansya, Y. A., & Salsabilla, T. (2025). Penerapan Model Problem Based Learning Berbantuan Canva pada Pembelajaran IPA Kelas V Sekolah Dasar. ISLAMIKA, 7(1), 1–14. https://doi.org/10.36088/islamika.v7i1.5464
Ariyati, P., Sukrawarpala, I. W., & Santyasa, I. W. (2021). Problem Based E-Learning dalam Pembelajaran Kimia di SMA. Kwangsan: Jurnal Teknologi Pendidikan. https://api.semanticscholar.org/CorpusID:237846148
Gamage, K. A. A., de Silva, E. K., & Gunawardhana, N. (2020). Online delivery and assessment during COVID-19: Safeguarding academic integrity. Education Sciences, 10(11), 1–24. https://doi.org/10.3390/educsci10110301
Goes, L. F., Nogueira, K. S. C., & Fernandez, C. (2020). Limitations of Teaching and Learning Redox: a Systematic Review. Problems of Education in the 21st Century, 78(5), 698–718. https://doi.org/10.33225/pec/20.78.698
Guangul, F. M., Suhail, A. H., Khalit, M. I., & Khidhir, B. A. (2020). Challenges of remote assessment in higher education in the context of COVID-19: a case study of Middle East College. Educational Assessment, Evaluation and Accountability, 32(4), 519–535. https://doi.org/10.1007/s11092-020-09340-w
Husain, H., & Ramdani, R. (2024). Analisis Kemampuan Literasi Sains Siswa SMA Negeri Makassar. Chemistry Education Review (CER), 7(2), 175. https://doi.org/10.26858/cer.v7i2.63052
Latif, A., Sangaji, N., & Pramono, A. J. (2024). Evaluasi Pembelajaran Sains Pada Nilai-Nilai Kejujuran , Kesabaran Di Madrasah Aliyah Negeri Insan Cendekia Halmahera Barat. Jurnal Ilmiah Wahana Pendidikan, 10(13), 810–821.
Listiani, L. (2025). Scientific Literacy in Indonesian Secondary Education: Are We Ready to be Scientifically Literate Society? International Journal of STEM Education for Sustainability, 5(1), 41–52. https://doi.org/10.53889/ijses.v5i1.445
Makena, J. (2024). Impact of the Level of Scientific Literacy on Academic Achievement in IGCSE Physics in Arusha Region , Tanzania . Graduate Student University of Nairobi Senior Lecturer University of Nairobi. 12(11), 83–94.
Noor, M. S. A. M. (2021). Assessing Secondary Students’ Scientific Literacy: A Comparative Study of Suburban Schools in England and Malaysia. Science Education International, 32(4), 343–352. https://doi.org/10.33828/sei.v32.i4.9
Pangesti, K. S., Loka, D. F., & Lestari, A. (2025). Eksplorasi Penerapan Model Pembelajaran Berbasis Masalah Dalam Menumbuhkan Keterampilan Berpikir Kritis Siswa. 9(2), 125. https://doi.org/10.29303/jpap.v9i2.1030
Parmin, P., Savitri, E. N., Khusniati, M., & El Islami, R. A. Z. (2022). The prospective science teachers’ skills in reconstructing indigenous knowledge of local culture on breast milk using pare (Momordica charantia). International Journal of Educational Research Open, 3, 100193. https://doi.org/https://doi.org/10.1016/j.ijedro.2022.100193
Pozuelo-Muñoz, J., Calvo-Zueco, E., Sánchez-Sánchez, E., & Cascarosa-Salillas, E. (2023). Science Skills Development through Problem-Based Learning in Secondary Education. Education Sciences, 13(11). https://doi.org/10.3390/educsci13111096
Rehman, N., Huang, X., Mahmood, A., AlGerafi, M. A. M., & Javed, S. (2024). Project-based learning as a catalyst for 21st-Century skills and student engagement in the math classroom. Heliyon, 10(23), e39988. https://doi.org/10.1016/j.heliyon.2024.e39988
Sari, S. A., Dewi, R. S., Saputra, K., Kembaren, A., Hasibuan, H., & Talib, C. A. (2025). Integration of Analytical Chemistry Flipbooks Based on Project-Based Learning in Improving Critical Thinking Skills and Scientific Literacy To Support Sdg-4. Jurnal Pendidikan IPA Indonesia, 14(1), 59–69. https://doi.org/10.15294/jpii.v14i1.21038
Sugiarti, S., Side, S., & Fatmawati, F. (2019). Pengaruh Model Pembelajaran Discovery Berbasis Kontekstual Terhadap Rasa Ingin Tahu Dan Kejujuran Akademik. Sainsmat : Jurnal Ilmiah Ilmu Pengetahuan Alam, 8(1), 49. https://doi.org/10.35580/sainsmat81101882019
Sutrisna, N. (2021). Analisis Kemampuan Literasi Sains Peserta Didik SMA di Kota Sungai Penuh. Jurnal Inovasi Penelitian, 1(12), 2683–2693. https://www.dbpia.co.kr/journal/articleDetail?nodeId=NODE10756656
Utami, M., & Herawati, N. (2024). Pengaruh Model Problem Based Learning ( PBL ) terhadap Kemampuan Berpikir Kritis Peserta Didik Kelas XI MIA SMAN 7 Mallawa ( Studi pada Materi Pokok Larutan Penyangga ) The Effect of Problem Based Learning ( PBL ) Model on Critical Thingking Skills of Stu. ChemEdu (Jurnal Ilmiah Pendidikan Kimia), 5, 61–72.
 



