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reflecting significant deficiencies in their ability to engage deeply with scientific

content. The ANOVA results further supported these findings, showing a lack of

significant variation in critical thinking abilities, which points to a systemic issue

within the current educational practices. These findings have important

implications for science education, underscoring the need for comprehensive

instructional strategies that address all aspects of critical thinking.
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Introduction

Critical thinking is a cornerstone of science education, integral to enhancing students'
academic performance, particularly in subjects that demand analytical reasoning and
problem-solving skills (Bilad et al., 2022; Ekayanti et al., 2022). Developing these skills is
crucial as it empowers students to excel in their studies while fostering creativity and
innovation. Through critical thinking, students are encouraged to challenge assumptions,
explore various solutions, and generate new ideas, which are essential for their academic
growth and future success (Sari et al., 2019; Suhirman & Ghazali, 2022). Preparing students
to question, analyze, and think critically is vital in cultivating the next generation of
scientists, engineers, and informed citizens who can address complex societal challenges and
contribute meaningfully to society.

The exploration of students' critical thinking abilities within science education has
become a focal point of educational research due to its significance in navigating intricate
scientific concepts and real-world issues. Numerous studies have been conducted to
investigate the effectiveness of different teaching strategies in cultivating these skills among
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students. Research has demonstrated a positive correlation between critical thinking and
academic achievement in science, suggesting that students who develop strong critical
thinking abilities tend to perform better academically (Ali & Awan, 2021). This finding
highlights the necessity of embedding critical thinking into the science curriculum to enhance
overall student achievement.

In addition, the development of critical thinking skills is deeply intertwined with the
application of scientific reasoning. Effective science education goes beyond the mere
transmission of content knowledge, emphasizing the importance of understanding the
epistemological foundations that support scientific inquiry (Dowd et al., 2018). This broader
educational objective aims to nurture critical thinkers who can engage profoundly with
scientific content. For instance, Giiler (2023) noted that argumentation-based learning in
science encourages students to participate in philosophical discussions and construct
evidence-based arguments, thereby enhancing their critical thinking skills. Similarly, the use
of instructional materials that present authentic problems has been associated with
improvements in students' critical thinking abilities (Noor et al., 2023).

Moreover, research underscores the effectiveness of contextual learning approaches in
strengthening students' critical thinking skills in science (Aliyu et al., 2023). By integrating
real-world contexts into the learning process, students are more likely to apply critical
thinking to solve problems and analyze concepts, leading to a deeper understanding of the
material. Inquiry-based learning, particularly when combined with technology, has also
proven to be instrumental in developing students' critical thinking abilities (Verawati et al.,
2022). Engaging students in inquiry-based activities that demand critical analysis and
problem-solving can significantly foster essential critical thinking skills (Prayogi et al.,
2024). Furthermore, experiential learning methods, which emphasize practical, hands-on
experiences, have been recognized as valuable for enhancing critical thinking, as they
encourage students to apply their skills in real-world scenarios, preparing them for the
challenges of the 21st century (Pamungkas et al., 2020).

Innovative instructional methods such as project-based learning, integrated with
design thinking, have also been effective in cultivating students' critical thinking abilities
(Maknuunah et al., 2021). By involving students in projects that require critical analysis,
creativity, and problem-solving, educators can create an environment conducive to
developing robust critical thinking skills (Maknuunah et al., 2021). Additionally,
collaborative learning experiences have been shown to further enhance students' critical
thinking through interactive and collective problem-solving activities (Suryani et al., 2021).
Educational frameworks, including the Next Generation Science Standards (NGSS),
emphasize the importance of critical thinking as a key component of scientific literacy (Lee et
al., 2019; Zoller, 2012). According to the NGSS, students must engage in practices such as
questioning, modeling, investigating, analyzing data, and constructing explanations, all of
which require the application of critical thinking to understand and explore scientific
phenomena (Hang & Srisawasdi, 2021).

Fostering critical thinking in students, despite its recognized significance, remains a
formidable challenge for many educators due to several persistent obstacles. One major issue
is the lack of adequate resources and insufficient professional development opportunities,
which limits educators' ability to effectively incorporate critical thinking into their teaching
practices (Prayogi & Asy’ari, 2023; Salvetti et al.,, 2023). Furthermore, the limited time
allocated within the curriculum for higher-order thinking skills exacerbates this difficulty.
Traditional teaching methods, which often emphasize rote memorization and passive
learning, further hinder the development of critical thinking, as they do not provide the
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interactive and analytical environment necessary for nurturing these essential skills (Lee et
al., 2016; Prayogi et al., 2024). Consequently, addressing these challenges is crucial for
improving the integration of critical thinking in educational settings.

In response to these challenges, educational researchers have explored various
strategies to promote critical thinking in the classroom. These include inquiry-based learning
(Prayogi & Verawati, 2020), problem-based learning (Suhirman & Prayogi, 2023), and
approaches that emphasize the importance of analyzing the cognitive processes involved in
critical thinking and integrating these into instructional design (Holmes et al., 2015). For
instance, inquiry-based learning encourages students to engage in scientific inquiry by asking
questions, exploring phenomena, and drawing evidence-based conclusions. Problem-based
learning presents students with real-world problems that require critical analysis and
problem-solving.

Ennis (2018) supports the integration of critical thinking across all subject areas,
culminating in projects that require students to investigate, argue, and defend positions, thus
reinforcing their critical thinking skills and enhancing their subject knowledge. This approach
aligns with the broader goal of embedding critical thinking into the curriculum to provide
students with opportunities to apply their analytical skills in various contexts. Furthermore,
providing resources for critical thinking education, including educator support and training, is
crucial for overcoming challenges in teaching critical thinking (Mugisha et al., 2021). By
equipping educators with the necessary tools and strategies, educational institutions can
enhance the implementation of critical thinking initiatives in their curricula.

Given the crucial role of critical thinking in science education, it is essential to
understand the specific abilities that contribute to effective critical thinking. Abilities such as
analysis, inference, evaluation, and decision-making (Wahyudi et al., 2018) play a vital role
in how students fully engage and shape their critical thinking. Identifying these abilities is
crucial for developing instructional models that align with the demands of current and future
science learning needs. The novelty of this research lies in its focused examination of critical
thinking abilities among pre-service science teachers within the context of routine science
learning activities. Unlike many studies that emphasize broader educational interventions,
this research uniquely targets key critical thinking indicators—analysis, inference, evaluation,
and decision-making—to assess their prevalence and effectiveness in everyday classroom
settings. By utilizing a rigorously validated assessment tool, the study uncovers systemic
challenges in fostering critical thinking, offering valuable insights for designing instructional
strategies that integrate critical thinking development holistically into science education
practices.

The primary objective of this study is to identify the critical thinking abilities of
students within the routine science learning activities conducted by lecturers in regular
classrooms. These abilities include analysis, inference, evaluation, and decision-making,
which are crucial for students to engage deeply with scientific content and apply their
knowledge effectively.

Research Method

This study employed a descriptive research design utilizing observational methods,
specifically quantitative observation, to analyze the critical thinking abilities of students in
science learning. The focus was on assessing four key abilities: analysis, inference,
evaluation, and decision-making. To achieve this, a critical thinking ability test comprising
eight items was administered to students engaged in science education courses. These test
items were designed to evaluate the specific critical thinking indicators mentioned above. The
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participants consisted of 19 pre-service science teachers majoring in physics at the University
of Mataram. The selection of participants was based on convenience sampling, targeting
students currently enrolled in science education programs, specifically in physics. This
sampling method was chosen to ensure ease of access and willingness to participate, which is
critical in observational studies where participant involvement is key.

Ethical considerations were meticulously addressed throughout the research process.
Before participating in the study, all students were provided with comprehensive information
about the study's objectives, procedures, and their rights as participants. Informed consent
was obtained from each participant, ensuring they fully understood the nature of the research
and their voluntary participation. Participants were assured of the confidentiality and
anonymity of their responses, with strict measures taken to protect their identities. Moreover,
they were informed of their right to withdraw from the study at any time without any
repercussions. The ethical approval for this research was granted by the institutional review
board of the University of Mataram, ensuring that the study adhered to ethical standards in
both data collection and analysis.

The primary instrument used in this research was the critical thinking ability test,
consisting of eight items tailored to measure the specific abilities of analysis, inference,
evaluation, and decision-making. The test items were carefully constructed and reviewed to
ensure their validity and reliability. The validity of the test was assessed through empirical
testing, where the items were administered directly to a group of students similar to the study
participants. The responses from this group were analyzed to determine the extent to which
the items accurately measured the intended critical thinking abilities. Reliability was
determined through a pilot study conducted with this group of students prior to the main
study. The results of the pilot study were analyzed using Cronbach's alpha to measure the
internal consistency of the test items, ensuring that the instrument reliably measured the
targeted critical thinking abilities.

Data collected from the critical thinking ability tests were analyzed using both
descriptive and inferential statistical methods. Descriptive statistics, including means and
standard deviations, were calculated to summarize the overall critical thinking abilities of the
students. This preliminary analysis provided an overview of the prevalence and distribution
of different critical thinking tendencies within the sample. The mean scores for each critical
thinking ability—analysis, inference, evaluation, and decision-making—were used to identify
areas where students excelled or struggled. Standard deviations were calculated to understand
the variability of responses, which could indicate the consistency of critical thinking skills
across different students.

The average score for critical thinking ability is calculated and then converted into
categories according to the criteria shown in Table 1 (Prayogi et al., 2018).

Table 1. The criteria of critical thinking ability

No Score intervals Criteria
1 X>8.8 Very critical
2 56<X<88 Critical
3 36<X<5.6 Quite critical
4 0.8<X <36 Less critical
5 X<0.38 Not critical

For the inferential analysis, ANOVA (Analysis of Variance) was employed to examine the
relationships between the various critical thinking abilities. This statistical test was chosen to
determine whether there were significant differences in the critical thinking abilities among
the students, particularly in how they performed across different indicators such as analysis,
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inference, evaluation, and decision-making. The use of ANOVA allowed for the comparison
of mean scores across the different critical thinking abilities, providing insights into potential
disparities in students' critical thinking skills. This analysis was crucial in identifying whether
certain abilities were more developed than others, which could inform targeted instructional
strategies in science education.

Results and Discussion

Based on the research that has been done, the data description is obtained about: (a)
the application of problem-based learning model in the learning process with Lesson Study
pattern in human physiological anatomy course, and (b) the effectiveness of the application of
Problem Based Learning model on students' critical thinking skills.
Validity and Reliability of the Test Instrument

Before delving into the analysis of students' critical thinking abilities, it is crucial to
establish the reliability and validity of the test instrument used in this study. The test
instrument, consisting of eight items, was designed to measure the critical thinking indicators
of analysis, inference, evaluation, and decision-making. To ensure the instrument's
appropriateness, empirical validity and reliability tests were conducted.

Table 2. The results of the test instrument validity using the Pearson correlation

Item 1 2 3 4 5 6 7 8
1  Pearson'sr —
p-value —
2 Pearson'sr 0.262 —
p-value 0.134 —
3 Pearson'sr 0412 0.642 —
p-value 0.015 <.001 —
4  Pearson'sr 0.393  0.262 0.289 —
p-value 0.022 0.134 0.097 —
5 Pearson'sr 0.817 0.090 0.245 0.326 —
p-value <.001 0.614 0.162 0.060 —
6 Pearson'sr 0289 0.838 0.742 0408 0.107 —
p-value 0.098 <.001 <.001 0.016 0.547 —
7 Pearson'sr 0.214 0.340 0.326 -0.029 0.166 0.310 —
p-value 0.224  0.049 0.060 0.873 0.347 0.074 —
8 Pearson'sr 0.768 0.363 0499 0.289 0.592 0.410 0.190 —
p-value <.001 0.035 0.003 0.098 <.001 0.016 0.281 —
Total Pearson'sr 0.769 0.705 0.770 0.544 0.617 0.762 0.466 0.762
p-value <.001 <.001 <.001 <.001 <.001 <.001 0.005 <.001
Annotation Valid Valid Valid Valid Valid Valid Valid Valid

The validity of the test items was assessed using Pearson's correlation, with the results
presented in Table 2. The Pearson correlation coefficients (r-values) for the individual items
ranged from 0.214 to 0.817, with most items showing statistically significant correlations (p-
values < 0.05), indicating that the test items are valid for measuring the intended critical
thinking abilities. Specifically, items 3, 5, and 6 showed strong correlations (r > 0.6),
suggesting a high level of validity. Items 1 and 7, while still valid, had lower correlations,
which may indicate the need for further refinement in future iterations of the test.
Table 3. Frequentist scale reliability statistics

Estimate Cronbach's a Greatest Lower Bound
Point estimate 0.829 0.925
95% CI lower bound 0.714 0.915
95% CI upper bound 0.904 0.972
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Table 4. Frequentist individual item reliability statistics

Item Cronbach's a Item-rest correlation
1 0.793 0.674
2 0.804 0.590
3 0.793 0.677
4 0.830 0.394
5 0.818 0.484
6 0.794 0.664
7 0.841 0.303
8 0.794 0.664

The reliability of the test instrument was evaluated using Cronbach's alpha, a measure of
internal consistency. The results, as shown in Table 3, indicate a high level of reliability, with
a point estimate of Cronbach's alpha at 0.829 and a Greatest Lower Bound (GLB) estimate of
0.925. These values exceed the commonly accepted threshold of 0.7, confirming that the test
instrument reliably measures the critical thinking abilities of the participants. Table 4 further
breaks down the reliability of individual test items, with most items showing acceptable
levels of internal consistency, as indicated by the item-rest correlation values. Items 4 and 7,
however, exhibited lower correlations, suggesting that these items may require revision to
improve their alignment with the overall test construct. The combined validity and reliability
results demonstrate that the test instrument used in this study is both valid and reliable,
providing a solid foundation for the subsequent analysis of students' critical thinking abilities.
Descriptive Analysis of Students' Critical Thinking Abilities

The descriptive analysis of the critical thinking abilities of the 19 pre-service science
teachers is presented in Table 5. The analysis focused on four key indicators: analysis,
inference, evaluation, and decision-making. The mean scores, standard errors (SE), and
standard deviations (SD) for each indicator were calculated to provide an overview of the
students' performance.

Table 5. The descriptive analysis results of the critical thinking abilities

Indicator Valid Mean SE SD Criteria
Analysis 19 0.237 0.140 0.609 Not Critical
Inference 19 0.421 0.192 0.838 Not Critical
Evaluate 19 -0.263 0.129 0.562 Not Critical
Decision Making 19 0.053 0.209 0.911 Not Critical
Average 0.112 0.097 0.421 Not Critical

The overall average score for critical thinking ability was 0.112 (SE = 0.097, SD = 0.421),
which falls within the "Not Critical" category according to the criteria outlined in Table 1.
This finding is concerning, as it suggests that the students, on average, did not exhibit strong
critical thinking skills. Given the importance of critical thinking in science education, this
result indicates a significant area for improvement.

The mean score for the analysis indicator was 0.237 (SE = 0.140, SD = 0.609),
placing it in the "Not Critical" category. This low score implies that the students struggled
with breaking down complex concepts and systematically examining the underlying
components of scientific problems. The ability to analyze is fundamental in science, as it
involves identifying patterns, making connections, and understanding the relationships
between different elements. The low performance in this area suggests a need for
instructional interventions that focus on enhancing analytical skills.

The inference indicator had a mean score of 0.421 (SE = 0.192, SD = 0.838), which
also falls into the "Not Critical" category. Inference involves drawing logical conclusions
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from available information and is a critical skill in scientific reasoning. The students' low
scores in this area suggest that they may have difficulty in synthesizing information and
making reasoned judgments based on evidence. This finding highlights the importance of
teaching strategies that encourage students to practice drawing inferences, such as through
hypothesis testing and predictive reasoning in science experiments.

The evaluation indicator showed a mean score of -0.263 (SE = 0.129, SD = 0.562),
which not only falls into the "Not Critical" category but also reflects a negative average
score. This result is particularly alarming, as it indicates a significant deficiency in the
students' ability to assess the credibility and relevance of information, a skill that is essential
for scientific inquiry. Evaluation requires students to critically assess evidence, compare
arguments, and determine the validity of conclusions. The negative score suggests that the
students may have provided incorrect or flawed evaluations in their responses, which could
stem from a lack of practice or understanding of evaluation criteria in scientific contexts.

The decision-making indicator had a mean score of 0.053 (SE = 0.209, SD = 0.911),
placing it in the "Not Critical" category. Decision-making in science involves selecting the
best course of action based on analysis, inference, and evaluation. The low score in this area
suggests that the students struggled with making informed decisions when presented with
scientific scenarios, which could impede their ability to apply scientific knowledge in real-
world situations. This finding underscores the need for educational approaches that integrate
decision-making exercises into the science curriculum, allowing students to practice making
choices based on critical evaluation of evidence.

i b

Ana Inf Eva Dec.-Making

Figure 1. Descriptive plot of critical thinking indicators
The descriptive plot of the critical thinking indicators, as shown in Figure 1, visually
represents the mean scores across the four indicators. The plot clearly illustrates the low
levels of critical thinking across all indicators, with evaluation being the lowest and inference
the highest, albeit still in the "Not Critical" range. This graphical representation reinforces the
need for targeted interventions to improve critical thinking skills across all areas, with a
particular emphasis on evaluation and analysis.
Inferential Analysis Using ANOVA

To further explore the differences in critical thinking abilities across the four
indicators, an Analysis of Variance (ANOVA) was conducted. The ANOVA results,
presented in Table 6, provide insights into whether there are statistically significant
differences in the critical thinking abilities of the students across the indicators.
Table 6. The ANOVA result

Sum of VS-
Cases Sqrs. df  Mean Sqr. F p MPR*
RM Factor 1 3.154 3 1.051 2.182  0.101 1.585
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RM Factor 1 *k Average 2.760 3 0.920 1.909  0.140 1.337
Residuals 24.576 51 0.482 - - -

The ANOVA analysis revealed that the differences in critical thinking abilities across
the four indicators were not statistically significant, with an F-value of 2.182 and a p-value of
0.101 for the main effect (RM Factor 1). This suggests that there is no strong evidence to
support that students' critical thinking abilities differ significantly across the indicators of
analysis, inference, evaluation, and decision-making. The lack of significant differences may
be attributed to the overall low levels of critical thinking observed in the descriptive analysis,
where all indicators were categorized as "Not Critical."

The interaction between the critical thinking indicators and the average scores also did
not reach statistical significance, with an F-value of 1.909 and a p-value of 0.140. This
outcome further supports the conclusion that the critical thinking abilities of the students do
not vary meaningfully across different indicators, indicating a uniformity in their
performance. The absence of significant interaction effects suggests that the students' overall
critical thinking ability is consistently low across all areas, reflecting a pervasive issue in
their ability to engage deeply with scientific content. This consistency in low performance
across all critical thinking indicators highlights the need for a comprehensive approach to
developing these essential skills.

The ANOVA findings have important implications for science education, particularly
in the design and implementation of instructional strategies. The lack of significant
differences in critical thinking abilities across the indicators suggests that any interventions
aimed at improving critical thinking should be holistic, addressing all aspects of critical
thinking rather than focusing on specific areas. A comprehensive approach is necessary to
ensure that students develop balanced and well-rounded critical thinking skills that can be
applied effectively in scientific contexts. By fostering a more integrated development of
analysis, inference, evaluation, and decision-making abilities, educators can better prepare
students to navigate the complexities of scientific inquiry and real-world problem-solving,
thereby enhancing their overall academic and professional readiness.

The findings from this study reveal significant insights into the state of critical
thinking abilities among pre-service science teachers, highlighting an overall low level of
critical thinking as indicated by the descriptive analysis and a lack of significant differences
across the indicators, as shown by the ANOVA results. This suggests a pressing need for
targeted interventions to enhance the development of these essential skills in science
education. The uniformity in low performance across all critical thinking indicators points to
a systemic issue within the current educational practices, where students are not sufficiently
challenged or supported to develop their analytical reasoning, inference, evaluation, and
decision-making abilities. Therefore, it is crucial to implement comprehensive educational
strategies that address these deficiencies, ensuring that future science educators are equipped
with the critical thinking skills necessary to navigate complex scientific concepts and
effectively solve real-world problems.

One of the key challenges highlighted by this study is the difficulty in fostering
critical thinking abilities among science students, a task that is crucial yet complex within the
realm of science education. Despite the recognized importance of developing critical
thinking, many students struggle to acquire these abilities, often due to the persistence of
traditional teaching methods that emphasize rote memorization over analytical reasoning.
This challenge is further exacerbated by the inadequacy of resources designed to support the
teaching of critical thinking and the limited opportunities available for educators to engage in
professional development that focuses on these skills (Prayogi & Asy’ari, 2023). This issue is
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not new, as prior research has consistently indicated that many educators lack the necessary
training and experience to effectively teach critical thinking, which leads to a reliance on
outdated instructional methods that fail to nurture students' analytical capabilities (Mugisha et
al., 2021; Ssenyonga et al., 2022).

Moreover, the lack of resources specifically tailored for teaching critical thinking is a
pervasive issue across various educational contexts, further complicating the efforts to
enhance these abilities among students. Many educators report that they do not have access to
adequate materials or support systems that would enable them to effectively teach critical
thinking. A comprehensive review of educational practices revealed that, due to these
limitations, educators often resort to using a narrow range of instructional strategies that do
not adequately promote critical thinking abilities (Chesire et al., 2022). The absence of a
structured approach to integrating critical thinking into the curriculum exacerbates the
situation, as educators may struggle to know how to incorporate these essential skills into
their existing teaching practices. This lack of resources is particularly evident in developing
countries, where educational institutions may not have the necessary infrastructure or support
to provide an environment conducive to teaching and learning critical thinking (Hamzah et
al., 2018; Ssenyonga et al., 2022).

Professional development opportunities for educators are also crucial in the quest to
foster critical thinking abilities among students. However, many educators express a need for
more training in this area but face significant barriers, including time constraints and a lack of
institutional support (Saito & Tangkiengsirisin, 2023). Research has shown that ongoing
professional development can significantly enhance educators' ability to implement critical
thinking strategies in their classrooms, making it an essential component of educational
reform (Abrami et al., 2015; Saeed, 2017). Without adequate training and support, even well-
intentioned efforts to promote critical thinking in the classroom may fall short, leaving
students ill-equipped to engage in the analytical reasoning and problem-solving that are vital
for success in science and beyond.

The lack of significant differences in critical thinking abilities across indicators
highlights the importance of adopting comprehensive instructional models that address all
aspects of critical thinking. Such models should integrate analysis, inference, evaluation, and
decision-making into the science curriculum, ensuring that students develop a full range of
critical thinking skills. Instructional approaches such as project-based learning, which
requires students to engage in critical analysis and decision-making as part of the learning
process, can be particularly effective in this regard abilities (Maknuunah et al., 2021).

Finally, the study underscores the need for professional development opportunities for
educators to enhance their ability to teach critical thinking. Educators need to be equipped
with the knowledge and tools to integrate critical thinking into their teaching practices
effectively. This includes training in the use of inquiry-based, contextual, and collaborative
learning approaches, as well as access to resources that support the development of critical
thinking skills (Mugisha et al., 2021).

The results of this study have both conceptual and practical implications for science
education. Conceptually, the findings highlight a systemic issue in the integration of critical
thinking into routine science learning, emphasizing the need to shift educational paradigms
toward approaches that prioritize higher-order cognitive skills over traditional rote learning.
The lack of significant differences among critical thinking indicators such as analysis,
inference, evaluation, and decision-making suggests a uniformly low emphasis on fostering
these abilities across educational practices, pointing to a critical gap in curriculum design and
pedagogical strategies. Practically, these insights underscore the necessity for comprehensive
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instructional reforms that embed critical thinking into all facets of science education.
Strategies such as project-based and inquiry-based learning should be implemented to
provide students with opportunities for active engagement, analytical reasoning, and
decision-making. Additionally, professional development programs must be established to
equip educators with the skills and resources needed to facilitate critical thinking effectively.
By addressing these gaps, educational stakeholders can better prepare students to meet the
demands of the 21st-century scientific and societal challenges.

Conclusion

This study provides significant insights into the critical thinking abilities of pre-
service science teachers, revealing a concerning trend of low performance across key
indicators such as analysis, inference, evaluation, and decision-making. The uniformity in
these low scores suggests that the current educational practices are inadequate in fostering the
critical thinking abilities essential for success in science education. The lack of significant
differences across the indicators further underscores the systemic nature of this issue,
highlighting the need for comprehensive and integrated instructional strategies that address
all aspects of critical thinking. The findings emphasize the importance of adopting
educational models that not only focus on content delivery but also actively engage students
in analytical reasoning, problem-solving, and decision-making processes. Additionally, the
study points to the critical need for enhanced professional development opportunities for
educators, ensuring they are equipped with the necessary skills, resources, and support to
effectively cultivate critical thinking in their students. This research underscores the urgency
of reforming science education to better prepare future educators and students for the
complex challenges of the scientific world.

Recommendation

Based on the findings of this study, several recommendations are proposed to improve
the critical thinking abilities of pre-service science teachers. First, educational institutions
should adopt comprehensive instructional models that integrate critical thinking skills across
all areas of the science curriculum. Approaches such as project-based learning, inquiry-based
learning, and contextual learning should be prioritized, as they have been shown to be
effective in developing students' analytical reasoning and problem-solving abilities. Second,
there is a need for enhanced professional development opportunities for educators, focusing
specifically on the integration of critical thinking into teaching practices. Educators should be
provided with the necessary training, resources, and support to effectively incorporate critical
thinking into their instructional strategies. Finally, educational policymakers should address
the lack of resources available for teaching critical thinking, particularly in developing
countries, by investing in appropriate learning materials and infrastructure that support the
development of these essential skills.
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