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Abstract: This study aims to analyze the critical thinking skills of students in the Biology 

Education Study Program at Pattimura University in solving Higher Order Thinking Skills 

(HOTS) questions related to modern biotechnology. A descriptive research method was 

employed, utilizing a test instrument and unstructured interviews to identify factors 

influencing student performance. The measured critical thinking indicators include 

clarification, assessment, inference, and strategy. The analysis results indicate that the 

average student score was 72.5, categorized as "good." Students demonstrated strong 

abilities in clarification, assessment, and strategy but encountered difficulties in inference. 

The score variation, with a standard deviation of 11.95, reflects differences in students' 

proficiency levels. Factors affecting these results include academic background, experience 

in scientific argumentation, and access to learning resources. The findings highlight the 

need to strengthen inference skills through discussion-based learning, case studies, and 

problem-based learning strategies. Enhancing critical thinking skills is expected to better 

prepare students for challenges in the educational field and enable them to guide learners 

in developing analytical thinking abilities. 
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INTRODUCTION 

 

Education extends beyond the 

mere transmission of knowledge; it also 

encompasses the cultivation of reflective 

and analytical thinking. Through critical 

thinking, teachers can design more 

effective and innovative learning 

strategies, ensuring that students do not 

merely receive information passively but 

actively construct their knowledge. 

Furthermore, critical thinking comprises 

various cognitive processes, including 

analysis, evaluation, and interpretation, 

all of which are essential for fostering 

independent understanding (Bellaera et 

al., 2021). In this context, teachers who 

possess critical thinking skills are better 

equipped to adapt their instructional 

methods to suit students' learning needs 

(Ramdani et al., 2021). 

At Pattimura University, a 

significant challenge exists regarding 

how students manage and utilize 

information in the increasingly complex 

learning context. Particularly in biology 

education, students often memorize 

concepts without truly understanding or 

analyzing the relationships between 

them. This issue is exacerbated by limited 
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facilities and teaching methods that focus 

primarily on one-way information 

delivery. This highlights the need to 

create a learning environment that fosters 

the development of deeper analytical, 

evaluative, and decision-making skills. 

Therefore, this study aims to analyze the 

factors influencing students' thinking 

processes and information processing, 

with the expectation that it will enhance 

their ability to address more complex 

issues in biology education. 

Indicators of critical thinking for 

prospective and current teachers 

encompass various cognitive aspects that 

reflect their ability to analyze, evaluate, 

and systematically solve problems. 

Prospective teachers with strong critical 

thinking skills can identify educational 

challenges, assess multiple alternative 

solutions, and select the most effective 

strategies based on empirical evidence 

and educational theories. Additionally, 

they must demonstrate flexibility in 

adjusting instructional strategies 

according to student characteristics and 

learning situations (Rasyid et al., 2023). 

One of the primary indicators of 

critical thinking for teachers is the ability 

to analyze information objectively and 

systematically. Critical-thinking teachers 

do not accept concepts or theories 

unquestioningly but instead assess their 

validity and relevance within the 

educational context. In this regard, 

teachers do not merely deliver content but 

also encourage students to analyze 

concepts, make connections between 

pieces of information, and evaluate the 

validity of theories within the domain of 

science education (Lubis et al., 2021). 

This ability is crucial for filtering diverse 

sources of information and effectively 

integrating them into the teaching and 

learning process. 

Furthermore, critical thinking 

encompasses the ability to evaluate 

arguments and evidence (Sari & Prasetyo, 

2021). Teachers with strong critical 

thinking skills can distinguish between 

subjective opinions and facts supported 

by data or research (Santos, 2017). With 

this capability, they can guide students to 

critically assess unverified information 

while equipping them with the necessary 

skills to develop perspectives based on in-

depth analysis (Rasyid et al., 2023). 

Problem-solving ability is another 

key indicator of critical thinking, 

especially in science education, where 

students are expected not only to acquire 

information but also to understand causal 

relationships and develop logic-based 

solutions (Lubis et al., 2021). Teachers 

frequently encounter various challenges 

in education, such as student learning 

difficulties, resource limitations, and 

diverse classroom dynamics. By applying 

critical thinking, teachers can identify 

root causes, evaluate alternative 

solutions, and implement the most 

effective strategies to overcome these 

challenges (Rasyid et al., 2023). 

Another critical thinking indicator 

is openness to multiple perspectives. 

Critical-thinking teachers recognize that 

no single approach is universally 

applicable, as each student has unique 

needs (Yuan & Liao, 2023). These 

teachers exhibit openness to new ideas, 

willingness to challenge their 

assumptions, and readiness to adjust their 

instructional approaches based on 

objective reflection and evaluation 

(Farcis et al., 2022).  

In this study, the critical thinking 

abilities of prospective biology education 

teachers were analyzed through the use of 

Higher Order Thinking Skills (HOTS) 

assessments and interviews. The HOTS 

questions were designed to measure the 

extent to which students could think 
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analytically, evaluatively, and creatively 

in solving subject-related problems. 

Meanwhile, interviews were conducted to 

explore their reasoning, decision-making 

processes, and information evaluation 

skills within academic and professional 

contexts. 

This research is of significant 

importance, as critical thinking is a 

crucial factor in shaping high-quality 

prospective teachers. By understanding 

the essential levels of thinking of biology 

education students, educational 

institutions can develop more effective 

teaching strategies to enhance these 

skills. Furthermore, the findings of this 

study can serve as a foundation for 

curriculum development and the 

implementation of more innovative 

teaching methodologies, ensuring that 

prospective teachers not only 

comprehend biological concepts 

theoretically but also apply them 

critically and systematically in problem-

solving contexts. 

Thus, critical thinking not only 

supports teachers' professionalism but 

also contributes to the creation of more 

effective and meaningful learning 

experiences. Teachers who think 

critically are better prepared to navigate 

the complexities of education and to 

guide students in developing analytical, 

evaluative, and problem-solving skills. 

Therefore, strengthening critical thinking 

skills among prospective and current 

teachers should be prioritized in the 

development of a high-quality education 

system.   

 

 

METHOD 

 

This study employs a descriptive 

method by analyzing the results of Higher 

Order Thinking Skills (HOTS) tests 

administered to 13 students of the 

Biology Education Program at Pattimura 

University. The research subjects 

consisted of students enrolled in the 

Environmental Education course within 

the Biology Education Program at 

Pattimura University. Using purposive 

sampling, one of two available classes 

was selected based on its 

representativeness and student 

willingness to participate, ensuring 

diverse academic abilities for a 

comprehensive HOTS assessment. The 

test instruments were specifically 

designed to assess students' problem-

solving and critical analysis abilities, 

adapted from the methodology developed 

(Fauzi & Abidin, 2019). The collected 

data were analyzed using descriptive 

statistics to identify score distributions 

and variations. Additionally, unstructured 

interviews were conducted to explore 

factors influencing students' performance 

in solving HOTS questions. 

The critical thinking indicators 

measured in this test were adapted from 

(Abid & Rahaju, 2018), encompassing 

four main aspects: clarification, 

assessment, inference, and strategy. The 

test instruments in this study were 

designed to evaluate students' critical 

thinking abilities by incorporating these 

four key indicators. The questions in this 

instrument assess students' ability to 

identify core issues, recognize relevant 

information, and analyze the 

relationships between different parts of a 

problem (clarification). Furthermore, 

students were tested on their ability to 

assess the validity of information, justify 

their chosen strategies, and logically 

evaluate problem-solving steps 

(assessment). The ability to solve 

problems according to a predetermined 

plan, draw appropriate conclusions, and 

generalize findings was also included in 
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the measurement (inference). 

Additionally, the test instrument was 

structured to evaluate how students 

determine specific steps toward solutions 

and predict the outcomes of their applied 

strategies (strategy). Thus, this 

instrument comprehensively measures 

students' critical thinking abilities in 

systematically and logically solving 

problems. The collected data were 

subsequently analyzed and interpreted 

using the scoring interpretations provided 

by Hapsari et al. (2019). 

 

Table 1. Score Interpretation Criteria 

Range Interpretation 

84 – 100 Very Good 

68 – 83 Good 

52 – 67 Fair 

36 – 51 Poor 

< 36 Very Poor 

 

Using this approach, the study aims 

to gain a deeper understanding of 

students' thinking patterns in solving 

HOTS questions and the factors 

influencing their level of success. 

 

 

RESULT AND DISCUSSION 

 

The data for this study were 

obtained through a test instrument 

designed with a focus on critical thinking 

indicators. This instrument was 

specifically constructed to assess 

students' critical thinking skills in solving 

problems related to modern 

biotechnology. The test includes 

questions that align with the key aspects 

of critical thinking, such as clarification, 

assessment, inference, and strategy, 

which were used to evaluate students' 

ability to analyze, evaluate, and formulate 

solutions. The analysis and discussion in 

this study provide insights into how 

students develop and apply critical 

thinking skills in understanding concepts, 

assessing information, and formulating 

solutions to challenges in modern 

biotechnology. 

Before conducting a detailed 

analysis of critical thinking indicators, a 

descriptive table is presented, including 

the highest score, lowest score, mean, and 

standard deviation, to provide a general 

overview of the data distribution and 

trends (Table 2).  

 

Table 2. Descriptive Statistics of 

Students' Competency Test 

Descriptive Data Score 

Highest Score 93 

Lowest Score 50 

Mean 72,54 

Standard Deviation 11,95 

 

The table above presents the 

distribution of student scores, revealing a 

mean score of 72.54, which suggests a 

generally adequate level of 

comprehension, with a standard deviation 

of 11.95 indicating variability in 

performance across students. Scores 

range from below to above the mean, 

warranting further analysis of potential 

factors influencing these variations, 

which will be explored in the subsequent 

section. Additionally, the study extends 

to examining student performance across 

four critical thinking indicators 

(clarification, assessment, inference, and 

strategy) detailed in Table 3, which offers 

a nuanced perspective on areas of critical 

thinking proficiency and those requiring 

further development. 

The table presents the analysis 

results for each critical thinking indicator. 

In general, pre-service biology teachers 

demonstrated a "good" category in 

clarification, assessment, and strategy, 
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while the inference aspect remains in the 

"fair" category. 

 

Table 3. Critical Thinking Skills of Pre-

Service Biology Teachers 

Indicator Score Interpretation 

Clarification 78 Good 

Assessment 81 Good 

Inference 61 Fair 

Strategy 70 Good 

Mean 72,5 Good 

 

Discussion 

Critical thinking skills constitute a 

fundamental competency in education, 

playing a significant role in the 

development of intellectual and 

professional capabilities. In an era 

characterized by rapid change and 

increasing complexity of information, 

individuals must be able to critically 

assess, analyze, and evaluate various 

sources of knowledge logically and 

systematically (Aktoprak & Hursen, 

2022). For both prospective and current 

teachers, critical thinking is not only an 

essential skill to master but also a crucial 

ability to instill in students, enabling them 

to navigate academic and real-life 

challenges more effectively. This is 

because critical thinking facilitates the 

development of analytical, evaluative, 

and decision-making skills among 

students (Guo & Wang, 2021). 

The findings of this study indicate 

that pre-service teachers exhibit a 

generally good level of critical thinking 

skills, with an average score of 72.5. 

However, there are variations in the 

achievement of each critical thinking 

aspect, where inference remains in the 

"sufficient" category (61), while 

clarification (78), assessment (81), and 

strategy (70) fall into the "good" 

category. These differences provide 

valuable insights into how students 

process information and construct 

solutions within the context of modern 

biotechnology. 

Critical thinking is the ability to 

think clearly, logically, and 

independently in evaluating information, 

constructing arguments, and solving 

problems effectively. In this regard, 

critical thinking plays a crucial role in 

understanding and assessing arguments, 

enhancing awareness of biases and 

propaganda, facilitating comprehension 

of complex concepts, and fostering 

independent thinking, communication 

skills, and teamwork (Raj et al., 2022). 

Moreover, for pre-service teachers, 

critical thinking skills must be 

continuously developed to enhance 

problem-solving quality in both academic 

and professional domains (Uribe-Enciso 

et al., 2017). 

Critical thinking is particularly 

essential in biological education, 

especially in understanding complex 

biotechnological concepts. The fact that 

clarification is categorized as "good" 

suggests that pre-service teachers can 

identify and comprehend fundamental 

biotechnological concepts relatively well. 

This reflects their ability to define 

problems and filter relevant information 

before formulating solutions. As future 

educators, honing clarification skills in 

critical thinking is crucial, as an optimal 

ability in this aspect helps prevent 

misconceptions that may lead to 

erroneous conclusions. In the educational 

context, teachers must ensure that each 

concept delivered to students is correctly 

understood to avoid misunderstandings 

that could impact the overall learning 

process (Lestari et al., 2021). 

Furthermore, clarification is a 

fundamental step in critical thinking that 

enables individuals to understand a 
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concept before proceeding to more 

complex stages such as analysis and 

evaluation (Rini & Aldila, 2023). 

The assessment aspect, which 

obtained the highest score (81), indicates 

that students possess relatively strong 

skills in evaluating information, 

particularly regarding the validity and 

reliability of sources. Critical thinking 

assessment skills enhance proficiency in 

verifying the accuracy of information, 

justifying chosen strategies, and logically 

evaluating problem-solving steps. 

Moreover, problem-solving ability 

contributes to logical and analytical 

thinking skills, particularly in identifying 

problems, analyzing potential solutions, 

and assessing outcomes (Suradika et al., 

2023). Additionally, problem-solving 

encourages students to connect 

previously learned concepts with new 

situations, thereby strengthening their 

analytical and reflective abilities 

(Rahmatika, 2022). 

Meanwhile, the inference aspect 

received the lowest score (61), indicating 

that students still struggle with 

concluding or making predictions based 

on existing data. This suggests that 

although they can comprehend and 

evaluate information, the process of 

generalization and evidence-based 

reasoning still requires improvement. 

Inference is crucial in learning as it helps 

students connect acquired concepts with 

empirical data, enhances analytical skills, 

and supports evidence-based problem-

solving (Saekawati & Nasrudin, 2021). 

Furthermore, inference is essential in 

science education, as it aids students in 

understanding the relationship between 

theoretical concepts and real-world 

applications. This skill also contributes to 

improving experimental data analysis 

(Herliandry et al., 2021). A low inference 

ability can lead to biased thinking and 

poor decision-making, as students may 

struggle to distinguish relevant 

information (Anggraeni et al., 2023).  

The strategy aspect, which falls 

into the "good" category (70), reflects that 

students have a reasonable understanding 

of designing effective problem-solving 

steps. However, there is still room for 

improvement, particularly in applying 

more diverse and evidence-based 

strategies to achieve optimal solutions in 

biotechnology. Strategy in critical 

thinking refers to an individual's ability to 

select, implement, and evaluate steps to 

solve a problem or answer a question 

logically. Without strong strategic skills, 

students tend to rely on rote 

memorization of formulas or procedural 

steps without understanding the 

underlying logic (Pamungkas et al., 

2019).  

The variation in scores, reflected 

in a standard deviation of 11.95, indicates 

differences in critical thinking abilities 

among students. These disparities may be 

attributed to variations in academic 

backgrounds, experience in addressing 

biotechnological issues, and levels of 

engagement in vital discussions. Based 

on interviews with pre-service teachers 

who demonstrated high critical thinking 

skills, they revealed that their most 

frequently employed learning methods 

included digital research exploration and 

collaborative learning. This aligns with 

the findings of Indah et al. (2022), who 

stated that proficiency in research and 

digital literacy, combined with an 

academic environment that fosters 

discussion and reflection, are key factors 

in enhancing students' critical thinking 

skills. 

In the context of teacher 

education, critical thinking skills are 

crucial as pre-service teachers are 

expected to transfer these competencies 
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to their future students. Therefore, 

instructional strategies should emphasize 

analytical and synthetic thinking 

exercises. According to Almulla & Al-

Rahmi (2023), students who are 

accustomed to inquiry-based and 

reflective learning approaches exhibit 

higher critical thinking skills because 

they actively engage in the exploration 

and evaluation of information. 

Additionally, e-learning and technology-

based learning systems can enhance 

critical thinking skills if designed with 

interactive methods that encourage 

reflective and analytical thinking. 

The characteristics of education in 

Eastern Indonesia also present unique 

challenges in developing students' critical 

thinking skills. Limited access to learning 

resources, uneven educational facilities, 

and a lack of participation in broader 

academic forums are among the factors 

influencing the development of students' 

critical thinking abilities in this region. 

Limited access to technology and 

interactive learning materials can hinder 

the cultivation of critical thinking in 

educational environments (Mutohhari et 

al., 2021). Therefore, educational 

approaches that emphasize discussion, 

problem-solving, and technological 

integration in learning need to be further 

optimized to enhance students' critical 

thinking skills in Eastern Indonesia. 

The findings of this study also 

indicate that while pre-service teachers' 

critical thinking skills are generally 

categorized as good, there are still areas 

for improvement, particularly in 

inference. Hence, educational 

interventions such as analytical thinking 

training, case-based learning, and 

problem-solving simulations in the 

context of biotechnology can be 

implemented to enhance this skill. 

Overall, these findings provide insights 

for educators and educational institutions 

to place greater emphasis on developing 

students' critical thinking skills, 

particularly in inference. By 

strengthening these abilities, it is 

expected that pre-service teachers will be 

better prepared to face challenges in the 

educational field and effectively guide 

their students in critical and analytical 

thinking. 

This study provides novel insights 

into the critical thinking skills of pre-

service biology teachers, particularly 

within the context of biotechnology 

education. It reveals variations in the 

achievement of key essential aspects of 

thinking clarification, assessment, 

inference, and strategy, highlighting 

differences in students' abilities to 

process information and construct 

solutions. The findings emphasize that, 

while overall critical thinking skills are 

categorized as good, areas such as 

inference require further improvement. 

The study also identifies factors 

influencing these skills, such as digital 

research exploration and collaborative 

learning, which are crucial for enhancing 

critical thinking. The impact of this 

research is significant, offering valuable 

implications for teacher education, 

particularly in strengthening the inference 

essential aspect of thinking. Educational 

interventions such as analytical thinking 

training, case-based learning, and 

problem-solving simulations are 

recommended to improve these skills. 

Ultimately, this study contributes to the 

understanding of how critical thinking 

can be developed in pre-service teachers, 

which is essential for their future role in 

fostering critical and analytical thinking 

in students. 
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CONCLUSION 

 

The research findings indicate that 

pre-service biology education students at 

Universitas Pattimura generally exhibit 

strong critical thinking skills, particularly 

in the areas of clarification, assessment, 

and strategy, while the inference aspect 

remains at a moderate level. These 

findings underscore the importance of 

more targeted educational interventions, 

such as problem-based learning and 

analytical reasoning training, to enhance 

students' logical reasoning abilities. 

Given the academic challenges in Eastern 

Indonesia, implementing discussion-

based learning and integrating technology 

into the teaching process can serve as 

effective strategies to support the 

development of critical thinking skills. 

Strengthening these skills is expected to 

equip future educators better to guide 

students in analytical thinking and 

systematic problem-solving. 

 

 

REFERENCE 

 

Abid, M. M., & Rahaju, E. B. (2018). 

Kemampuan berpikir kritis siswa 

SMA dalam memecahkan 

masalah turunan ditinjau dari tipe 

kepribadian sensing dan 

intuitive. Mathedunesa, 7(2), 

340-349. 

Aktoprak, A., & Hursen, C. (2022). A 

Bibliometric and Content 

Analysis of Critical Thinking In 

Primary Education. Thinking 

Skills and Creativity, 44, 101029.  

Almulla, M. A., & Al-Rahmi, W. M. 

(2023). Integrated Social 

Cognitive Theory with Learning 

Input Factors: The Effects of 

Problem-Solving Skills and 

Critical Thinking Skills on 

Learning Performance 

Sustainability. Sustainability, 

15(5), 3978.  

Anggraeni, D. M., Prahani, B. K., 

Suprapto, N., Shofiyah, N., & 

Jatmiko, B. (2023). Systematic 

review of problem based learning 

research in fostering critical 

thinking skills. Thinking Skills 

and Creativity, 49, 101334.  

 Bellaera, L., Weinstein-Jones, Y., Ilie, 

S., & Baker, S. T. (2021). Critical 

thinking in practice: The 

priorities and practices of 

instructors teaching in higher 

education. Thinking Skills and 

Creativity, 41,100856 

Farcis, F., Budi, G. S., & Wijayanti, E. 

(2022). Effect of Project-Based 

Learning and Science Literacy 

Ability on Critical Thinking Skills 

in Virtual Learning of the 

Thermodynamics Course. JPPS 

(Jurnal Penelitian Pendidikan 

Sains), 12(1), 56–68.  

Fauzi, A. M., & Abidin, Z. (2019). 

Analisis Keterampilan Berpikir 

Kritis Tipe Kepribadian 

Thinking-Feeling Dalam 

Menyelesaikan Soal PISA. Suska 

Journal of Mathematics 

Education, 5(1), 1.  

Guo, L., & Wang, J. (2021). 

Relationships between teacher 

autonomy, collaboration, and 

critical thinking focused 

instruction: A cross-national 

study. International Journal of 

Educational Research, 106, 

101730.  

Hapsari, N., Paidi, Subali, B., Astuti, F. 

E. C., Pradana, S. P., & Antony, 

M. K. (2019). The TPACK Profile 

of Biology Teacher Based on 

Certification Status: A Case Study 

in Bantul Regency. Journal of 

https://ejournal.unesa.ac.id/index.php/mathedunesa/article/view/24033
https://ejournal.unesa.ac.id/index.php/mathedunesa/article/view/24033
https://ejournal.unesa.ac.id/index.php/mathedunesa/article/view/24033
https://ejournal.unesa.ac.id/index.php/mathedunesa/article/view/24033
https://ejournal.unesa.ac.id/index.php/mathedunesa/article/view/24033
https://ejournal.unesa.ac.id/index.php/mathedunesa/article/view/24033
https://ejournal.unesa.ac.id/index.php/mathedunesa/article/view/24033
https://doi.org/10.1016/j.tsc.2022.101029
https://doi.org/10.1016/j.tsc.2022.101029
https://doi.org/10.1016/j.tsc.2022.101029
https://doi.org/10.1016/j.tsc.2022.101029
https://doi.org/10.1016/j.tsc.2022.101029
https://doi.org/10.3390/su15053978
https://doi.org/10.3390/su15053978
https://doi.org/10.3390/su15053978
https://doi.org/10.3390/su15053978
https://doi.org/10.3390/su15053978
https://doi.org/10.3390/su15053978
https://doi.org/10.3390/su15053978
https://doi.org/10.3390/su15053978
https://doi.org/10.3390/su15053978
https://doi.org/10.1016/j.tsc.2023.101334
https://doi.org/10.1016/j.tsc.2023.101334
https://doi.org/10.1016/j.tsc.2023.101334
https://doi.org/10.1016/j.tsc.2023.101334
https://doi.org/10.1016/j.tsc.2023.101334
https://doi.org/10.1016/j.tsc.2023.101334
https://doi.org/10.1016/j.tsc.2023.101334
https://doi.org/10.1016/j.tsc.2021.100856
https://doi.org/10.1016/j.tsc.2021.100856
https://doi.org/10.1016/j.tsc.2021.100856
https://doi.org/10.1016/j.tsc.2021.100856
https://doi.org/10.1016/j.tsc.2021.100856
https://doi.org/10.1016/j.tsc.2021.100856
https://doi.org/10.1016/j.tsc.2021.100856
https://doi.org/10.26740/jpps.v12n1.p56-68
https://doi.org/10.26740/jpps.v12n1.p56-68
https://doi.org/10.26740/jpps.v12n1.p56-68
https://doi.org/10.26740/jpps.v12n1.p56-68
https://doi.org/10.26740/jpps.v12n1.p56-68
https://doi.org/10.26740/jpps.v12n1.p56-68
https://doi.org/10.26740/jpps.v12n1.p56-68
https://doi.org/10.26740/jpps.v12n1.p56-68
https://doi.org/10.24014/sjme.v5i1.6769
https://doi.org/10.24014/sjme.v5i1.6769
https://doi.org/10.24014/sjme.v5i1.6769
https://doi.org/10.24014/sjme.v5i1.6769
https://doi.org/10.24014/sjme.v5i1.6769
https://doi.org/10.24014/sjme.v5i1.6769
https://doi.org/10.24014/sjme.v5i1.6769
https://doi.org/10.1016/j.ijer.2020.101730
https://doi.org/10.1016/j.ijer.2020.101730
https://doi.org/10.1016/j.ijer.2020.101730
https://doi.org/10.1016/j.ijer.2020.101730
https://doi.org/10.1016/j.ijer.2020.101730
https://doi.org/10.1016/j.ijer.2020.101730
https://doi.org/10.1016/j.ijer.2020.101730
https://doi.org/10.1016/j.ijer.2020.101730
https://doi.org/10.1088/1742-6596/1397/1/012055
https://doi.org/10.1088/1742-6596/1397/1/012055
https://doi.org/10.1088/1742-6596/1397/1/012055
https://doi.org/10.1088/1742-6596/1397/1/012055
https://doi.org/10.1088/1742-6596/1397/1/012055
https://doi.org/10.1088/1742-6596/1397/1/012055


Jurnal Pena Edukasi                                                                              ISSN 2407-0769  (cetak) 

Vol. 12, No.2, Okt 2025, hlm. 98 – 107                                                  ISSN 2549-4694 (online) 

Available online at http://jurnal.goretanpena.com/index.php/JPE 

106 

 

Physics: Conference Series, 

1397(1), 012055.  

Herliandry, L. D., Kuswanto, H., & 

Hidayatulloh, W. (2021). Improve 

Critical Thinking Ability Through 

Augmented Reality Assisted 

Worksheets: 6th International 

Seminar on Science Education 

(ISSE 2020), Yogyakarta, 

Indonesia.  

Indah, R. N., Toyyibah, Budhiningrum, 

A. S., & Afifi, N. (2022). The 

Research Competence, Critical 

Thinking Skills and Digital 

Literacy of Indonesian EFL 

Students. Journal of Language 

Teaching and Research, 13(2), 

315–324.  

Lestari, H., Sopandi, W., Sa’ud, U. S., 

Musthafa, B., Budimansyah, D., 

& Sukardi, R. R. (2021). The 

Impact of Online Mentoring in 

Implementing RADEC Learning 

to the Elementary School 

Teachers’ Competence in 

Training Students’ Critical 

Thinking Skills: A Case Study 

During COVID-19 Pandemic. 

Jurnal Pendidikan IPA Indonesia, 

10(3), 346–356.  

Lubis, A. H., Yusup, F., Dasopang, M. 

D., & Januariyansah, S. (2021). 

Effectivity of interactive 

multimedia with theocentric 

approach to the analytical 

thinking skills of elementary 

school students in science 

learning. Premiere Educandum : 

Jurnal Pendidikan Dasar Dan 

Pembelajaran, 11(2), 215.  

Mutohhari, F., Sutiman, S., Nurtanto, M., 

Kholifah, N., & Samsudin, A. 

(2021). Difficulties in 

implementing 21st century skills 

competence in vocational 

education learning. International 

Journal of Evaluation and 

Research in Education (IJERE), 

10(4), 1229.  

Pamungkas, Z. S., Aminah, N. S., & 

Nurosyid, F. (2019). Analysis of 

student critical thinking skill in 

solving fluid static concept based 

on metacognition level. Journal of 

Physics: Conference Series, 1153, 

012126.  

Rahmatika, A. (2022). The Effect of 

Think-Talk-Write Cooperative 

Learning Assisted by GeoGebra 

Software on Students’ Critical 

Thinking (Case Study of SMA 

ALHIDAYAH Medan). IJEMS: 

Indonesian Journal of Education 

and Mathematical Science, 3(1), 

1-8. 

Raj, T., Chauhan, P., Mehrotra, R., & 

Sharma, M. (2022). Importance of 

Critical Thinking in the 

Education. World Journal of 

English Language, 12(3), 126.  

Ramdani, A., Jufri, A. W., Gunawan, G., 

Fahrurrozi, M., & Yustiqvar, M. 

(2021). Analysis of Students’ 

Critical Thinking Skills in terms 

of Gender Using Science 

Teaching Materials Based on The 

5E Learning Cycle Integrated 

with Local Wisdom. Jurnal 

Pendidikan IPA Indonesia, 10(2), 

187–199. 

Rasyid, F., Aini, N., & Varghesse, K. 

(2023). Questioning Strategy That 

Works to Foster Critical Thinking 

Skills: A Study In Islamic 

University. JEELS (Journal of 

English Education and 

Linguistics Studies), 10(2), 335–

355.  

Rini, E. F. S., & Aldila, F. T. (2023). 

Practicum Activity: Analysis of 

Science Process Skills and 

Students’ Critical Thinking Skills: 

https://doi.org/10.1088/1742-6596/1397/1/012055
https://doi.org/10.1088/1742-6596/1397/1/012055
https://doi.org/10.2991/assehr.k.210326.067
https://doi.org/10.2991/assehr.k.210326.067
https://doi.org/10.2991/assehr.k.210326.067
https://doi.org/10.2991/assehr.k.210326.067
https://doi.org/10.2991/assehr.k.210326.067
https://doi.org/10.2991/assehr.k.210326.067
https://doi.org/10.2991/assehr.k.210326.067
https://doi.org/10.2991/assehr.k.210326.067
https://doi.org/10.17507/jltr.1302.11
https://doi.org/10.17507/jltr.1302.11
https://doi.org/10.17507/jltr.1302.11
https://doi.org/10.17507/jltr.1302.11
https://doi.org/10.17507/jltr.1302.11
https://doi.org/10.17507/jltr.1302.11
https://doi.org/10.17507/jltr.1302.11
https://doi.org/10.17507/jltr.1302.11
https://doi.org/10.15294/jpii.v10i3.28655
https://doi.org/10.15294/jpii.v10i3.28655
https://doi.org/10.15294/jpii.v10i3.28655
https://doi.org/10.15294/jpii.v10i3.28655
https://doi.org/10.15294/jpii.v10i3.28655
https://doi.org/10.15294/jpii.v10i3.28655
https://doi.org/10.15294/jpii.v10i3.28655
https://doi.org/10.15294/jpii.v10i3.28655
https://doi.org/10.15294/jpii.v10i3.28655
https://doi.org/10.15294/jpii.v10i3.28655
https://doi.org/10.15294/jpii.v10i3.28655
https://doi.org/10.15294/jpii.v10i3.28655
https://doi.org/10.25273/pe.v11i2.9658
https://doi.org/10.25273/pe.v11i2.9658
https://doi.org/10.25273/pe.v11i2.9658
https://doi.org/10.25273/pe.v11i2.9658
https://doi.org/10.25273/pe.v11i2.9658
https://doi.org/10.25273/pe.v11i2.9658
https://doi.org/10.25273/pe.v11i2.9658
https://doi.org/10.25273/pe.v11i2.9658
https://doi.org/10.25273/pe.v11i2.9658
https://doi.org/10.25273/pe.v11i2.9658
https://doi.org/10.11591/ijere.v10i4.22028
https://doi.org/10.11591/ijere.v10i4.22028
https://doi.org/10.11591/ijere.v10i4.22028
https://doi.org/10.11591/ijere.v10i4.22028
https://doi.org/10.11591/ijere.v10i4.22028
https://doi.org/10.11591/ijere.v10i4.22028
https://doi.org/10.11591/ijere.v10i4.22028
https://doi.org/10.11591/ijere.v10i4.22028
https://doi.org/10.11591/ijere.v10i4.22028
https://doi.org/10.1088/1742-6596/1153/1/012126
https://doi.org/10.1088/1742-6596/1153/1/012126
https://doi.org/10.1088/1742-6596/1153/1/012126
https://doi.org/10.1088/1742-6596/1153/1/012126
https://doi.org/10.1088/1742-6596/1153/1/012126
https://doi.org/10.1088/1742-6596/1153/1/012126
https://doi.org/10.1088/1742-6596/1153/1/012126
https://scholar.archive.org/work/dkfznbge7fhdhbsdnodd6q4uti/access/wayback/http:/jurnal.umsu.ac.id/index.php/IJEMS/article/download/9877/pdf_52
https://scholar.archive.org/work/dkfznbge7fhdhbsdnodd6q4uti/access/wayback/http:/jurnal.umsu.ac.id/index.php/IJEMS/article/download/9877/pdf_52
https://scholar.archive.org/work/dkfznbge7fhdhbsdnodd6q4uti/access/wayback/http:/jurnal.umsu.ac.id/index.php/IJEMS/article/download/9877/pdf_52
https://scholar.archive.org/work/dkfznbge7fhdhbsdnodd6q4uti/access/wayback/http:/jurnal.umsu.ac.id/index.php/IJEMS/article/download/9877/pdf_52
https://scholar.archive.org/work/dkfznbge7fhdhbsdnodd6q4uti/access/wayback/http:/jurnal.umsu.ac.id/index.php/IJEMS/article/download/9877/pdf_52
https://scholar.archive.org/work/dkfznbge7fhdhbsdnodd6q4uti/access/wayback/http:/jurnal.umsu.ac.id/index.php/IJEMS/article/download/9877/pdf_52
https://scholar.archive.org/work/dkfznbge7fhdhbsdnodd6q4uti/access/wayback/http:/jurnal.umsu.ac.id/index.php/IJEMS/article/download/9877/pdf_52
https://scholar.archive.org/work/dkfznbge7fhdhbsdnodd6q4uti/access/wayback/http:/jurnal.umsu.ac.id/index.php/IJEMS/article/download/9877/pdf_52
https://scholar.archive.org/work/dkfznbge7fhdhbsdnodd6q4uti/access/wayback/http:/jurnal.umsu.ac.id/index.php/IJEMS/article/download/9877/pdf_52
https://doi.org/10.5430/wjel.v12n3p126
https://doi.org/10.5430/wjel.v12n3p126
https://doi.org/10.5430/wjel.v12n3p126
https://doi.org/10.5430/wjel.v12n3p126
https://doi.org/10.5430/wjel.v12n3p126
https://doi.org/10.15294/jpii.v10i2.29956
https://doi.org/10.15294/jpii.v10i2.29956
https://doi.org/10.15294/jpii.v10i2.29956
https://doi.org/10.15294/jpii.v10i2.29956
https://doi.org/10.15294/jpii.v10i2.29956
https://doi.org/10.15294/jpii.v10i2.29956
https://doi.org/10.15294/jpii.v10i2.29956
https://doi.org/10.15294/jpii.v10i2.29956
https://doi.org/10.15294/jpii.v10i2.29956
https://doi.org/10.15294/jpii.v10i2.29956
https://doi.org/10.30762/jeels.v10i2.1048
https://doi.org/10.30762/jeels.v10i2.1048
https://doi.org/10.30762/jeels.v10i2.1048
https://doi.org/10.30762/jeels.v10i2.1048
https://doi.org/10.30762/jeels.v10i2.1048
https://doi.org/10.30762/jeels.v10i2.1048
https://doi.org/10.30762/jeels.v10i2.1048
https://doi.org/10.30762/jeels.v10i2.1048
https://doi.org/10.37251/isej.v4i2.322
https://doi.org/10.37251/isej.v4i2.322
https://doi.org/10.37251/isej.v4i2.322
https://doi.org/10.37251/isej.v4i2.322


Jurnal Pena Edukasi                                                                              ISSN 2407-0769  (cetak) 

Vol. 12, No.2, Okt 2025, hlm. 98 – 107                                                  ISSN 2549-4694 (online) 

Available online at http://jurnal.goretanpena.com/index.php/JPE 

107 

 

Integrated Science Education 

Journal, 4(2), 54–61.  

Saekawati, R., & Nasrudin, H. (2021). 

Effectiveness of Guided Inquiry-

Based on Blended Learning in 

Improving Critical Thinking 

Skills. Jurnal Penelitian Ilmu 

Pendidikan, 14(1), 53–68.  

Santos, L. F. (2017). The role of critical 

thinking in science 

education. Online 

Submission, 8(20), 160-173. 

Sari, D. M. M., & Prasetyo, Y. (2021). 

Project-based-learning on critical 

reading course to enhance critical 

thinking skills. Studies in English 

Language and Education, 8(2), 

442–456.  

 

Suradika, A., Dewi, H. I., & Nasution, M. 

I. (2023). Project-Based Learning 

and Problem-Based Learning 

Models in Critical and Creative 

Students. Jurnal Pendidikan IPA 

Indonesia, 12(1), 153–167.  

Uribe-Enciso, O. L., Uribe-Enciso, D. S., 

& Vargas-Daza, M. D. P. (2017). 

Pensamiento crítico y su 

importancia en la educación: 

Algunas reflexiones. Rastros 

Rostros, 19(34).  

Yuan, R., & Liao, W. (2023). Critical 

thinking in teacher education: 

Where do we stand and where can 

we go? Teachers and Teaching, 

29(6), 543–552.  

 

 

 

 

https://doi.org/10.37251/isej.v4i2.322
https://doi.org/10.37251/isej.v4i2.322
https://doi.org/10.21831/jpipfip.v14i1.36947
https://doi.org/10.21831/jpipfip.v14i1.36947
https://doi.org/10.21831/jpipfip.v14i1.36947
https://doi.org/10.21831/jpipfip.v14i1.36947
https://doi.org/10.21831/jpipfip.v14i1.36947
https://doi.org/10.21831/jpipfip.v14i1.36947
https://eric.ed.gov/?id=ED575667
https://eric.ed.gov/?id=ED575667
https://eric.ed.gov/?id=ED575667
https://eric.ed.gov/?id=ED575667
https://doi.org/10.24815/siele.v8i2.18407
https://doi.org/10.24815/siele.v8i2.18407
https://doi.org/10.24815/siele.v8i2.18407
https://doi.org/10.24815/siele.v8i2.18407
https://doi.org/10.24815/siele.v8i2.18407
https://doi.org/10.24815/siele.v8i2.18407
https://doi.org/10.15294/jpii.v12i1.39713
https://doi.org/10.15294/jpii.v12i1.39713
https://doi.org/10.15294/jpii.v12i1.39713
https://doi.org/10.15294/jpii.v12i1.39713
https://doi.org/10.15294/jpii.v12i1.39713
https://doi.org/10.15294/jpii.v12i1.39713
https://doi.org/10.16925/ra.v19i34.2144
https://doi.org/10.16925/ra.v19i34.2144
https://doi.org/10.16925/ra.v19i34.2144
https://doi.org/10.16925/ra.v19i34.2144
https://doi.org/10.16925/ra.v19i34.2144
https://doi.org/10.16925/ra.v19i34.2144
https://doi.org/10.1080/13540602.2023.2252688
https://doi.org/10.1080/13540602.2023.2252688
https://doi.org/10.1080/13540602.2023.2252688
https://doi.org/10.1080/13540602.2023.2252688
https://doi.org/10.1080/13540602.2023.2252688

