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In the rapidly evolving 21st century, fostering analytical thinking 

skills has become a critical objective in science education, enabling 

students to solve complex problems and adapt to knowledge-driven 

economies. This systematic literature review, covering research from 

2013 to 2024 and focusing on Scopus-indexed journals (Q1–Q3), aims 

to identify trends in analytical thinking research, explore effective 

pedagogical approaches, and analyze methodological diversity in 

the field. Using the PRISMA framework, 60 peer-reviewed studies 

were systematically selected and analyzed through both quantitative 

and qualitative methods, with thematic coding and tools like 

Vosviewer employed to uncover patterns and themes. The findings 

highlight a surge in research during 2020–2021, driven by the global 

shift to remote learning, and emphasize the effectiveness of 

innovative teaching strategies such as Problem-Based Learning 

(PBL), Project-Based Learning (PjBL), and Inquiry-Based Learning 

(IBL) in fostering analytical skills. The review also underscores the 

role of technological interventions, such as virtual labs and 

simulations, in enhancing student engagement and cognitive 

development. However, gaps were identified, including the need for 

longitudinal studies and standardized evaluation metrics to assess 

long-term impacts. The study concludes that integrating evidence-

based, scalable strategies across diverse educational contexts is 

essential for promoting analytical thinking as a core competency. 

Future research should prioritize interdisciplinary approaches and 

leverage emerging technologies to address these gaps. These 

findings provide actionable insights for educators, researchers, and 

policymakers aiming to advance science education and prepare 

students for the challenges of a dynamic world. 
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INTRODUCTION 

In an era characterized by accelerated technological advancement and global 

interconnectedness, the ability to think analytically has emerged as an indispensable skill. 

Analytical thinking entails the capacity to deconstruct complex problems, evaluate diverse 

perspectives, and apply logical reasoning to generate solutions. This skillset is especially 

critical in scientific fields, where the nature of inquiry and discovery necessitates rigorous 

analysis of data and the formulation of evidence-based conclusions (Farah & Ayoubi, 2020; 

Prayitno et al., 2017; Ramadani et al., 2021; Yurt, 2022; Khusmawardani et al., 2022). This 

review examines research trends on analytical thinking within the domain of science 

education, drawing insights from articles published in Scopus-indexed journals (Q1-Q3) 

between 2013 and 2024. 

The global emphasis on fostering analytical thinking skills stems from its pivotal role in 

enabling individuals to navigate modern challenges. Today’s educational systems are under 

increasing pressure to cultivate these competencies as part of broader efforts to prepare 

students for the demands of knowledge-based economies. These economies prioritize 

problem-solving, critical thinking, and the ability to adapt to rapidly changing circumstances 

(Utami et al., 2017; Maričić & Špijunović, 2015; Yosintha & Arochman, 2020; Manshaee et al., 

2014). Over the last decade, educational institutions have introduced innovative pedagogical 

strategies aimed at embedding analytical thinking into curricula, thus ensuring that learners 

acquire the intellectual tools needed to thrive in their chosen careers (Parrish, 2016; Blyznyuk, 

2019; Gilchrist et al., 2021). 

Science education represents a crucial arena for the cultivation of analytical thinking, 

given its emphasis on evidence-based inquiry. The core practices of formulating hypotheses, 

designing experiments, interpreting data, and drawing conclusions are intrinsically linked to 

analytical skills. Consequently, fostering these abilities in students not only enhances their 

scientific proficiency but also equips them with lifelong problem-solving tools (Valibeigi et 

al., 2020; White et al., 2014; Ali & Awan, 2021; Kanani, 2016; Sujana & Komariah, 2020). 

Research underscores that students proficient in analytical thinking are better equipped to 

dissect complex scientific problems, evaluate empirical evidence, and construct logical 

arguments that contribute meaningfully to the scientific discourse (Wongpinunwatana, 2019; 

Hidayatulloh et al., 2020; Darmawan, 2020). 

The pursuit of enhanced analytical thinking has spurred a proliferation of research 

exploring innovative teaching methodologies. Notably, experimental and quasi-experimental 

studies have been instrumental in assessing the efficacy of specific interventions, such as 

collaborative problem-solving exercises, inquiry-based learning modules, and the use of real-

world case studies. These studies frequently employ quantitative measures, such as pre- and 

post-test comparisons, to evaluate improvements in students’ analytical capabilities (Inayah, 

2023; Astuti et al., 2021; Al-Hanifah et al., 2023; Nurlaelah et al., 2021). Complementary 

qualitative research provides rich descriptive insights into the nuances of how analytical 

thinking evolves within educational contexts (Putri et al., 2020; Suyatman et al., 2021; 
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Thaneerananon et al., 2016; Prawita et al., 2019). Mixed-methods research, which integrates 

quantitative rigor with qualitative depth, has gained prominence for its ability to provide a 

holistic understanding of teaching outcomes (Weis et al., 2019; Mahato et al., 2018; Santos et 

al., 2020; McCrackin, 2020; Lazure et al., 2019). 

Advancements in educational technology have opened new avenues for the 

development of analytical thinking skills. Digital platforms, such as virtual laboratories, 

gamified learning environments, and interactive simulations, offer immersive and 

personalized learning experiences that mirror real-world scientific challenges. These 

technologies not only enhance student engagement but also facilitate deeper cognitive 

processing by enabling hands-on experimentation in a risk-free environment (Rohim, 2020; 

Odeh et al., 2015; Kontra et al., 2015; Starčič et al., 2018). Empirical studies have documented 

the significant impact of such tools on students’ ability to analyze data, identify patterns, and 

apply theoretical knowledge to practical problems. 

Despite the progress made, several challenges persist in the integration of analytical 

thinking into science education. One notable obstacle is the variability in instructional quality 

and resource availability across different educational settings. Schools in resource-constrained 

environments often struggle to implement advanced pedagogical techniques or acquire state-

of-the-art technological tools. Moreover, existing research highlights a gap in the systematic 

evaluation of long-term outcomes, such as the transferability of analytical thinking skills 

beyond the classroom (Ramadani et al., 2021; Ali & Awan, 2021; Maison et al., 2022). 

Nevertheless, these challenges present opportunities for further exploration. Future research 

could focus on developing scalable, cost-effective teaching strategies that can be implemented 

in diverse educational contexts. Additionally, longitudinal studies are needed to assess the 

enduring impact of analytical thinking training on students’ academic and professional 

trajectories (Sefhedi et al., 2021; Boichenko et al., 2021; Rosadi et al., 2018; Bilgin & Kala, 2022). 

Objectives of the Current Study 

The primary objective of this systematic literature review is to synthesize existing 

research on analytical thinking skills in science education, with a focus on publications from 

2013 to 2024. This review aims to provide a comprehensive understanding of how analytical 

thinking has been studied, the strategies employed to enhance these skills, and the research 

methodologies used. Specifically, the review focuses on: 

1. Identifying trends in research on analytical thinking skills in science education. This 

includes analyzing the temporal distribution of studies, key themes, and areas of 

concentrated research, particularly the impact of global shifts such as the adoption of 

remote learning. 

2. Exploring effective pedagogical approaches for fostering analytical thinking skills. The 

review evaluates innovative instructional strategies, including Problem-Based Learning 

(PBL), Project-Based Learning (PjBL), Inquiry-Based Learning (IBL), and specific 

treatments such as metacognitive scaffolding and debate, which aim to enhance students’ 

cognitive abilities and engagement. 
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3. Analyzing the methodological diversity in research on analytical thinking skills. The study 

examines the range of quantitative, qualitative, and mixed-method approaches employed 

in research, including quasi-experimental designs, thematic analysis, and visualization 

techniques like those provided by Vosviewer, to understand their contributions to the 

field. 

By addressing these objectives, the review aims to contribute to the growing body of 

knowledge on analytical thinking in science education and provide actionable insights for 

educators, policymakers, and researchers. This effort bridges theoretical frameworks with 

practical applications, emphasizing the importance of fostering analytical thinking as a 

cornerstone of 21st-century education. Developing these skills is critical for promoting critical 

inquiry, adaptability, and innovation, equipping students to thrive in a dynamic, knowledge-

driven world (Anagün, 2018; Bers, 2018; Al-Mohammadi, 2017; Noor et al., 2023). 

Study Novelty 

This study presents a novel contribution to the field of science education by 

systematically identifying trends in research on analytical thinking skills, exploring effective 

pedagogical approaches for fostering these skills, and analyzing the methodological diversity 

employed in this area. By synthesizing findings from a decade of research (2013–2024) and 

leveraging tools such as Vosviewer for visualizing thematic relationships, this review offers a 

comprehensive and integrative perspective. Unlike prior studies that often focus on isolated 

aspects of analytical thinking, this work bridges temporal trends, instructional innovations, 

and methodological practices, providing actionable insights to guide educators, researchers, 

and policymakers in advancing analytical thinking as a cornerstone of 21st-century education. 

METHODS 

This study employed a systematic literature review (SLR) methodology, following the 

PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) framework 

to ensure methodological rigor and replicability. The focus of the review was to explore 

research trends related to analytical thinking skills in science education from 2013 to 2024, 

specifically within articles published in Scopus-indexed Q1, Q2, and Q3 journals. The 

systematic approach was designed to ensure that the findings reflect a comprehensive and 

detailed understanding of existing research. Articles included in this study were required to 

meet specific criteria: they needed to address analytical thinking skills in the context of science 

education, be peer-reviewed, and available in full text. Both quantitative and qualitative 

studies were considered, allowing for a broad spectrum of methodologies and findings to be 

captured (Rahman, 2016; Salvador, 2016). 

The data collection process began with a structured search of electronic databases, 

primarily Scopus, using predefined keywords such as “analytical thinking,” “science 

education,” “critical thinking,” and “STEM education.” Boolean operators were applied to 

refine the search, and filters for publication year, journal quality, and relevance were utilized. 

Duplicates were systematically removed using reference management software, and the 
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remaining articles underwent a rigorous screening process based on their titles and abstracts. 

Articles that aligned with the inclusion criteria were selected for full-text review. During this 

phase, each article was carefully evaluated to confirm its relevance and extract key 

information, including study objectives, methodologies, and findings. Ultimately, a total of 60 

articles were included in the final dataset, providing a robust foundation for the analysis. 

Data analysis was conducted through both manual coding and software-assisted 

techniques to identify trends and extract meaningful insights. Key indicators analyzed 

included publication year, research type, research subjects, topics, treatments, data collection 

instruments, and data analysis techniques. Quantitative data were summarized using 

descriptive statistics, allowing for an overview of the frequency and distribution of various 

research characteristics. Qualitative data were analyzed through thematic coding, revealing 

recurring patterns, themes, and methodological trends within the literature (Sukmawati, 2023; 

Ganesha & Aithal, 2022). Vosviewer software was employed to examine the relationships 

between article titles and abstracts, identifying clusters of co-occurring keywords and themes 

(Fatima et al., 2017; Su et al., 2021; Shrivastava, 2023). 

The PRISMA framework structured the entire process into four stages: identification, 

screening, eligibility, and inclusion. The identification phase involved retrieving articles based 

on the predefined search criteria. The screening phase ensured that only relevant articles 

proceeded to the eligibility stage, where full-text reviews confirmed their alignment with the 

study’s objectives. Finally, the inclusion stage yielded the dataset used for analysis. This 

rigorous process was documented in a PRISMA flow diagram, ensuring transparency and 

replicability. 

A synthesis of the results provided a comprehensive overview of research trends in 

analytical thinking skills within science education. Quantitative findings highlighted the 

frequency and distribution of research outputs over the years, while qualitative insights 

captured the depth of pedagogical strategies and challenges reported in the studies. Themes 

such as the use of technology, inquiry-based learning, and collaborative problem-solving 

emerged as focal points in the literature. Additionally, gaps in the research, including limited 

longitudinal studies and inconsistent evaluation metrics, were identified and discussed 

(Karami, 2024). 

Although this review is comprehensive, it acknowledges several limitations. The focus 

on Scopus-indexed journals may exclude relevant studies from other platforms, and the 

reliance on English-language articles could introduce linguistic bias. Despite these limitations, 

the systematic approach ensures that the findings contribute valuable insights to the field of 

science education. This review underscores the importance of analytical thinking as a critical 

skill for the 21st century, offering evidence-based recommendations for enhancing its 

integration into educational practices. 

RESULTS AND DISCUSSION 

The VOSviewer analysis depicted in Figure 1 highlights intricate relationships among 

various topics associated with analytical thinking skills in science education. Figure 1(a) 
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presents the network visualization, showcasing clusters of interconnected keywords that 

reflect thematic relationships within the reviewed literature. This visualization identifies areas 

of concentrated research, including teaching methodologies, curriculum development, and 

evaluation techniques, which are pivotal in advancing analytical thinking skills.   

Figure 1(b) illustrates the overlay visualization, which captures the temporal 

distribution of research themes. This visualization reveals how certain topics, such as 

technology integration, have gained prominence in recent years, reflecting the evolving focus 

of science education research. Clusters associated with problem-based teaching, collaborative 

learning, and the use of digital tools emerge as central themes, demonstrating their relevance 

in fostering analytical thinking.   

Figure 1(c) provides the density visualization, indicating the intensity of research focus 

within specific areas. Warmer colors in the density map signify frequent co-occurrence of 

keywords related to critical themes, such as problem-solving and technological interventions. 

This visualization emphasizes the dominant role of innovative methodologies and digital 

tools in supporting students’ analytical thinking development. 

(a) 

 
(b) 
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(c) 

Figure 1. Results of the VOSviewer analysis: (a) network visualization of co-occurring keywords, (b) 

overlay visualization showing the temporal distribution of keywords, and (c) density visualization 

illustrating the concentration of research focus areas 

These findings align closely with trends identified in the literature review, which 

highlights the critical contributions of technology, problem-based methodologies, and 

evaluation grounded in critical thinking principles. For example, studies suggest that 

integrating digital tools and simulations enhances students’ comprehension of scientific 

concepts while fostering higher-order thinking skills necessary for solving real-world 

challenges. Furthermore, problem-based learning approaches are consistently recognized for 

their ability to cultivate logical reasoning and creative problem-solving in students. 

Research Trends and Publication Years 

The analysis of publication trends demonstrates a significant increase in research 

focusing on analytical thinking skills, particularly in 2020 and 2021. As shown in Figure 2, the 

number of publications rose sharply during this period, highlighting a growing emphasis on 

cognitive skills essential for the 21st century. This trend reflects the increasing recognition of 

analytical thinking as a crucial competency for preparing students to address real-world 

challenges. The surge in research activity aligns with the global shift to remote learning 

necessitated by the COVID-19 pandemic, which demanded innovative educational 

approaches to support analytical thinking in a rapidly changing context. 

  
Figure 2. Number of publications by year in 2013-2024 



 

International Journal of Ethnoscience and Technology in Education 

 

136 

 

  
Figure 3. Top trends research in their journal in 2020-2021 

High-impact journals such as Cognition, Educational Psychology Review, and the 

European Journal of Educational Research played a pivotal role in disseminating research on 

cognitive development during this period, as depicted in Figure 3. Cognition contributed 

significantly by publishing studies examining the integration of digital tools in virtual 

classrooms, offering practical insights into enhancing students’ analytical skills through 

remote teaching strategies. Similarly, Educational Psychology Review focused on empirical 

studies investigating the relationship between instructional design and the development of 

analytical thinking, while the European Journal of Educational Research published 

comparative studies exploring how various educational systems foster cognitive skill 

development. 

The educational challenges posed by the pandemic underscored the urgent need for 

innovative strategies to integrate analytical thinking across curricula, particularly in science 

education. The surge in research during this period reflects efforts to address this need, with 

studies exploring diverse pedagogical approaches such as problem-based learning in 

chemistry and inquiry-based methods in physics. These findings illustrate the 

interdisciplinary nature of research on cognitive skill development and the growing trend of 

embedding analytical thinking into various domains of science education. 

The sharp increase in publications focusing on analytical thinking skills during 2020 and 

2021 underscores the recognition of these skills' critical importance. Driven by the demands 

of remote learning during the pandemic, this research provided valuable insights into 

effective strategies for fostering analytical thinking. Future studies should build on these 

findings, prioritizing the development of adaptable, evidence-based approaches to enhance 

students' analytical skills across diverse educational settings. This work will ensure that 

learners are equipped to meet the evolving demands of a complex and knowledge-driven 

world.  

Methods in Studies Examining Analytical Thinking Skills in Science Education 

Quantitative research methods have been the primary approach in studies examining 

analytical thinking skills in science education. This preference is driven by the need for 

objective, measurable, and replicable data to assess the effectiveness of various educational 

interventions. Among these, quasi-experimental designs are the most prevalent. Unlike true 
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experiments, quasi-experimental designs do not rely on random assignment but still use 

control and experimental groups to compare outcomes. This design is particularly suited for 

educational research where random assignment may not be feasible or ethical. 

Quasi-experimental studies typically involve pre-tests and post-tests to measure 

changes in analytical thinking skills before and after an intervention. For instance, a typical 

study might compare the analytical thinking skills of students exposed to Problem-Based 

Learning (PBL) with those taught using traditional lecture methods. Such studies provide 

critical insights into how innovative teaching strategies enhance cognitive abilities. 

Table 1. Common quasi-experimental designs in analytical thinking research 

No. Study Design Description 

1. Pre-test/post-test control 

group 

Measures outcomes before and after the intervention in both 

groups. 

2. Nonequivalent control 

group 

Similar to pre-test/post-test but without random group 

assignment. 

3. Interrupted time series Measures outcomes at multiple points before and after the 

intervention. 

4. Matched groups Participants are matched based on certain characteristics to form 

comparable groups. 

Quasi-experimental designs offer several advantages, including the ability to control for 

confounding variables and establish causal relationships. Their flexibility makes them suitable 

for diverse educational contexts where strict randomization may not be practical. 

While quantitative methods yield valuable data, mixed-method approaches, which 

integrate both quantitative and qualitative data, have become increasingly popular. These 

approaches capture the complexity of educational experiences that may be missed by 

quantitative methods alone. Mixed-method studies typically begin with a quantitative phase, 

such as a survey or standardized test, followed by a qualitative phase involving interviews or 

focus groups. This sequential design allows researchers to use quantitative results to inform 

the qualitative phase, deepening the understanding of the findings. 

Table 2. Common mixed-method designs in analytical thinking research 

No. Study Design Description 

1. Explanatory sequential Starts with quantitative data, followed by qualitative data to explain 

results. 

2. Exploratory sequential Begins with qualitative data collection, followed by quantitative 

testing. 

3. Convergent parallel Quantitative and qualitative data are collected and analyzed 

simultaneously. 

4. Embedded design One type of data (quantitative or qualitative) is embedded within the 

other. 
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The integration of quantitative and qualitative data provides a comprehensive view of 

analytical thinking development. Quantitative data offers broad patterns across large 

samples, while qualitative data provides contextual insights into individual experiences. This 

mixed-method approach offers a richer understanding of the development and impact of 

educational interventions on analytical thinking skills. 

Predominant Subjects in Research on Analytical Thinking Skills 

High school and university students were the predominant subjects in research on 

analytical thinking skills, highlighting the critical period during which cognitive abilities are 

refined. The focus on secondary and tertiary education emphasizes these stages as pivotal for 

developing higher-order thinking skills necessary for academic success and future 

professional careers. Research involving these groups underscores the educational 

community's recognition of the importance of nurturing analytical thinking during formative 

years. 

High school students, particularly in grades 10 to 12, are ideal for studies investigating 

cognitive development, as they are transitioning from concrete to more abstract thinking, 

aligning with Piaget’s cognitive development theory. A study in the Journal of Educational 

Psychology, for instance, showed that students engaged in Problem-Based Learning (PBL) 

exhibited significant improvements in analytical thinking compared to those receiving 

traditional instruction. 

  
Figure 4. Distribution of research subjects by education level 

University students are also key participants in research on analytical thinking. As 

university education requires deep cognitive engagement, students frequently analyze 

complex texts, conduct independent research, and critically engage with their disciplines. For 

example, a study conducted at a major university found that students who participated in 

debates exhibited enhanced analytical reasoning and critical thinking, further emphasizing 

the importance of these cognitive skills at the tertiary level. 
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Table 5. Key studies on analytical thinking skills by subject group 

No. Study Title Education Level Key Findings 

1. The impact of problem-based 

learning on high school students. 

High School Significant improvement in 

problem-solving abilities. 

2. Enhancing analytical thinking in 

university students through debate. 

University Increased analytical reasoning 

and critical thinking. 

3. Inquiry-based learning and its effect 

on high school students. 

High School Enhanced ability to analyze 

scientific problems. 

4. The role of metacognition in 

university students' analytical 

thinking. 

University Improved self-regulation and 

analytical skills. 

These studies reflect the range of approaches used to enhance analytical thinking at 

secondary and tertiary levels. From PBL and debates to inquiry-based learning and 

metacognitive strategies, each method offers unique advantages in fostering cognitive 

development during these crucial educational stages. 

While research largely focuses on high school and university students, a growing body 

of work has begun to examine younger students, highlighting the importance of early 

interventions. These studies suggest that foundational cognitive abilities, including analytical 

thinking, can be nurtured from a young age. Introducing these skills early in elementary and 

middle school lays the groundwork for advanced cognitive development. 

Research involving younger students often explores age-appropriate strategies to foster 

analytical thinking. For instance, a study published in the Journal of Science Education and 

Technology found that middle school students participating in inquiry-based learning 

showed improved questioning, experiment design, and data analysis skills. These abilities are 

essential for scientific literacy and serve as a foundation for more complex thinking in later 

years. 

Table 6. Examples of early interventions in analytical thinking 

No. Study Title Education Level Key Findings 

1. Inquiry-Based Learning in Middle 

School Science. 

Middle School Enhanced questioning and data 

analysis skills. 

2. Critical Thinking Development in 

Elementary Students. 

Elementary School Improved logical reasoning and 

narrative analysis. 

3. Project-Based Learning in Early 

Grades. 

Elementary School Increased engagement and 

problem-solving abilities. 

4. The Role of Play in Developing 

Analytical Thinking in Young 

Children. 

Early Childhood Enhanced cognitive flexibility 

through play. 

The inclusion of younger students in analytical thinking research demonstrates that 

cognitive development is a continuous process. By engaging students in analytical thinking 

activities at earlier stages, educators can lay a strong foundation for later academic success. 
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For example, a study using storytelling as a tool for developing analytical thinking in 

elementary students showed improved logical reasoning and narrative analysis skills. 

Similarly, research on project-based learning in early grades has shown that hands-on 

approaches foster student engagement and problem-solving skills, preparing them for future 

analytical thinking tasks. Studies on the role of play in early childhood have also 

demonstrated that structured play activities can enhance cognitive flexibility and problem-

solving abilities, supporting long-term cognitive growth. 

Table 7. Benefits of early interventions in analytical thinking 

No. Benefit Description 

1. Early skill development Lays the foundation for advanced analytical thinking. 

2. Increased engagement Makes learning more engaging for young students. 

3. Enhanced cognitive flexibility Develops flexible thinking and problem-solving skills. 

4. Improved academic performance Positively impacts overall academic achievement. 

5. Long-term cognitive benefits Supports continuous cognitive development. 

In conclusion, although high school and university students remain the primary focus 

of analytical thinking research, there is a growing recognition of the importance of early 

interventions. Studies involving younger students highlight the potential to build essential 

cognitive skills that will serve students throughout their educational journey. The findings 

across different age groups provide valuable insights into how analytical thinking can be 

effectively nurtured at all stages of education, ensuring students are equipped to face future 

academic and professional challenges. 

Topics and Treatments 

Research on educational interventions aimed at improving analytical thinking skills 

frequently focuses on pedagogical approaches such as Problem-Based Learning (PBL), 

Project-Based Learning (PjBL), and Inquiry-Based Learning (IBL). These methods have been 

extensively studied and proven effective in fostering critical and analytical thinking. They 

provide students with practical tools to engage with complex problems and projects, thereby 

promoting deeper learning. 

• Problem-based learning (PBL): This method encourages students to learn by solving open-

ended problems, promoting self-directed learning, research, and critical thinking. Studies 

have shown that PBL not only enhances analytical thinking but also improves students' 

ability to apply knowledge to real-world situations. For example, a study published in the 

Journal of Educational Psychology demonstrated that high school students involved in 

PBL showed significant improvements in analytical thinking skills compared to those who 

received traditional lecture-based instruction. 

• Project-based learning (PjBL): PjBL involves students working on long-term projects, 

emphasizing collaboration, communication, and practical application of knowledge. This 

approach deepens student engagement with subject matter while fostering analytical and 

critical thinking. Research published by the International Journal of STEM Education 
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indicated that PjBL enhances students' abilities in planning, execution, and evaluation of 

complex tasks, all key components of analytical thinking. 

• Inquiry-based learning (IBL): IBL focuses on encouraging students’ curiosity, asking 

questions, conducting investigations, and developing solutions. It promotes hands-on 

learning and is particularly effective in scientific contexts. A study from the Journal of 

Science Education and Technology found that students engaged in IBL activities showed 

marked improvement in their ability to analyze data, formulate hypotheses, and draw 

meaningful conclusions. 

These pedagogical approaches—PBL, PjBL, and IBL—share a focus on active learning, 

student engagement, and the real-world application of knowledge. They have consistently 

been found to effectively enhance analytical thinking skills, essential for both academic and 

professional success. 

In addition to broader pedagogical approaches, specific treatments like metacognitive 

scaffolding, debate, and Research-Based Learning (RBL) have been used to target and improve 

students' analytical thinking abilities. These methods provide targeted support to deepen 

cognitive processing and promote self-regulated learning. 

• Metacognitive scaffolding: This technique provides structured support to help students 

develop metacognitive skills, such as planning, monitoring, and evaluating their learning. 

A study in the Educational Psychology Review found that students who received 

metacognitive scaffolding showed significant improvement in their ability to monitor and 

evaluate their problem-solving processes, which enhanced their overall analytical thinking 

skills. 

• Debate: Debate provides a platform for students to engage in structured arguments, which 

fosters critical and analytical thinking. It requires students to construct logical arguments, 

evaluate evidence, and respond to counterarguments. Research from the Journal of 

Argumentation in Context demonstrated that students who participated in debates 

improved their analytical reasoning and ability to defend their viewpoints. 

• Research-based learning (RBL): RBL encourages students to engage in authentic research 

activities, applying analytical thinking skills throughout the process of inquiry—from 

formulating research questions to analyzing data and presenting findings. A study 

published in the International Journal of Research in Education and Science revealed that 

students involved in RBL projects exhibited significant improvements in their ability to 

analyze and synthesize information through evidence-based research. 

In summary, combining broader approaches such as PBL, PjBL, and IBL with specific 

treatments like metacognitive scaffolding, debate, and RBL provides a comprehensive 

framework for improving analytical thinking skills. Research supports the effectiveness of 

these methods in fostering critical cognitive skills, crucial for both academic achievement and 

professional readiness. By integrating these approaches into educational practices, educators 

can create engaging learning environments that help students develop the analytical skills 

needed for the challenges of the modern world. 
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Primary Data Collection Instruments in Research on Analytical Thinking Skills 

In research focusing on analytical thinking skills, tests and assessments serve as essential 

tools for evaluating outcomes and measuring students' abilities to think critically, solve 

problems, and apply knowledge in diverse contexts. Among the methods used, standardized 

tests and custom-designed rubrics are the primary instruments for data collection. These tools 

provide reliable, quantifiable data that researchers analyze to determine the effectiveness of 

educational interventions and the development of students' analytical thinking skills. 

• Standardized tests are widely employed due to their consistency in assessing students' 

performance against national or state benchmarks. These tests are designed to measure a 

range of skills, including analytical thinking, under controlled conditions. Examples such 

as the SAT, ACT, and other state assessments often feature sections specifically assessing 

critical thinking and analytical reasoning. For instance, the SAT’s Critical Reading and 

Math sections require students to analyze texts, solve complex problems, and apply logical 

reasoning, making it a valuable tool for measuring analytical abilities. 

• Custom-designed rubrics are tailored to specific research studies and instructional 

methods. These rubrics provide detailed criteria for assessing students' performance on 

tasks that involve analytical thinking. They are particularly useful in project-based, 

inquiry-based, and other complex learning activities. For example, a rubric designed for a 

science project might evaluate problem identification, hypothesis formulation, 

experimental design, data analysis, and conclusions. Custom rubrics allow researchers to 

assess targeted aspects of analytical thinking that are directly relevant to the intervention 

being studied. 

Both standardized tests and custom rubrics offer robust frameworks for measuring 

analytical thinking across different educational contexts. Standardized tests provide 

comparability and reliability, allowing researchers to benchmark performance, while custom 

rubrics offer flexibility and specificity, aligning assessments with the instructional methods 

under evaluation. 

The reliability and validity of these instruments are essential for ensuring that the data 

accurately reflect students' analytical thinking abilities. Researchers frequently pilot test their 

instruments and use statistical methods such as Cronbach's alpha to evaluate reliability. 

Validity is often assessed through content, construct, and criterion-related validity, ensuring 

that the instruments measure what they are intended to. 

While tests and assessments provide valuable quantitative data, surveys and interviews 

capture qualitative insights into students' learning experiences and perceptions. These tools 

allow researchers to explore the contextual and subjective aspects of learning that 

standardized tests cannot measure. Surveys and interviews help provide a more nuanced 

understanding of how students engage with educational interventions and develop their 

analytical thinking skills. 

• Surveys are widely used to collect data on students' attitudes, beliefs, and self-reported 

behaviors. They may include Likert-scale questions, which measure the degree of 
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agreement with certain statements, as well as open-ended questions that allow students to 

elaborate on their thoughts. For example, a survey examining the effectiveness of project-

based learning might ask students about their engagement levels, perceived challenges, 

and improvements in their analytical thinking abilities. 

• Interviews offer even deeper insights into students' experiences and perceptions. 

Depending on the research objectives, interviews can be structured, semi-structured, or 

unstructured. While structured interviews follow a fixed set of questions, semi-structured 

and unstructured formats allow flexibility, enabling researchers to ask follow-up questions 

based on participants' responses. Interviews are particularly useful for revealing students' 

thought processes, motivations, and specific applications of analytical thinking in different 

contexts. 

By combining quantitative data from tests and assessments with qualitative data from 

surveys and interviews, researchers gain a comprehensive view of students' analytical 

thinking skills. This mixed-methods approach not only validates findings but also provides 

deeper insights into the effectiveness of educational interventions. For instance, while test 

scores may show improvements in analytical thinking, survey and interview data can explain 

students' experiences, challenges, and which aspects of the learning activities they found most 

helpful. 

The integration of these data collection methods ensures that researchers capture both 

measurable outcomes and the contextual factors influencing students' learning. This holistic 

approach is crucial for understanding the complexities of educational interventions and for 

designing strategies to effectively enhance analytical thinking skills. 

In conclusion, standardized tests and custom-designed rubrics are the primary data 

collection instruments used in research on analytical thinking skills, providing reliable and 

quantifiable data. Surveys and interviews complement these tools by offering qualitative 

insights into students' learning experiences. Together, these methods form a comprehensive 

framework for assessing and understanding the development of analytical thinking skills in 

various educational contexts. 

Data Analysis Techniques in Research on Analytical Thinking Skills 

In educational research, particularly in studies focusing on analytical thinking skills, 

statistical analyses play a critical role in assessing the effectiveness of interventions. Two of 

the most common techniques used are t-tests and Analysis of Variance (ANOVA), both 

essential for determining whether observed differences in student performance are 

statistically significant. These methods provide rigorous evidence for the impact of various 

educational strategies. 

• t-tests are used to compare the means of two groups, making them especially useful when 

evaluating interventions by comparing the performance of an experimental group to a 

control group. For instance, a t-test could assess the impact of problem-based learning 

(PBL) on analytical thinking by comparing the average scores of students who participated 

in PBL activities with those who underwent traditional instruction. If a significant 



 

International Journal of Ethnoscience and Technology in Education 

 

144 

 

difference is found, it suggests the intervention had a notable effect on students' analytical 

thinking skills. 

• ANOVA is a statistical method used to compare the means of three or more groups. This 

technique determines whether any statistically significant differences exist between groups 

based on different interventions. For example, a study comparing the effectiveness of PBL, 

Project-Based Learning (PjBL), and traditional lectures on analytical thinking could use 

ANOVA to evaluate the mean scores across the groups. A significant ANOVA result would 

indicate that at least one teaching method led to superior outcomes. 

Both t-tests and ANOVA provide valuable insights into the effectiveness of educational 

interventions by rigorously analyzing whether differences in performance are due to the 

interventions rather than random chance. This objectivity is essential for establishing 

evidence-based educational practices. 

In addition to these methods, other techniques such as regression analysis and chi-

square tests are employed. Regression analysis helps explore relationships between multiple 

variables and their combined effect on analytical thinking skills, while chi-square tests assess 

associations between categorical variables like specific teaching strategies and performance 

outcomes. 

While statistical techniques provide quantitative insights, qualitative analysis is vital for 

understanding the contextual factors influencing students' analytical thinking skills. Thematic 

analysis is commonly used to explore qualitative data by identifying and reporting recurring 

patterns and themes. This method offers a nuanced understanding of students' experiences, 

thoughts, and the factors shaping their learning processes. Thematic analysis begins with 

researchers familiarizing themselves with the data, typically by reading and re-reading 

transcripts from interviews, focus groups, or open-ended survey responses. After this, the 

researchers generate initial codes to categorize key features related to the research questions. 

These codes are then grouped into broader themes that capture significant patterns in the 

data. 

For example, in a study on project-based learning, thematic analysis might reveal 

themes such as engagement with real-world problems, collaborative learning, and 

development of critical thinking skills. These themes help explain how students perceive 

learning and how their analytical skills develop in specific contexts. Thematic analysis is 

crucial for exploring the qualitative aspects of educational interventions, revealing the 

mechanisms behind observed changes in analytical thinking skills. It helps researchers 

understand why certain interventions succeed and how they influence students’ cognitive 

development. 

The combination of t-tests and ANOVA for quantitative data, alongside thematic 

analysis for qualitative data, provides a comprehensive framework for evaluating educational 

interventions. This mixed-methods approach not only establishes robust evidence of 

effectiveness but also offers deep insights into the factors that shape students' learning 

experiences. By integrating these methods, researchers can derive actionable insights to 
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improve educational practices, fostering the development of analytical thinking skills in 

diverse contexts. 

The increasing emphasis on analytical thinking skills in science education aligns with 

the overarching goal of preparing students for the complex demands of the modern world 

(Yuan et al., 2016; Bilgin & Kala, 2022; Yurt, 2022). In an era marked by rapid technological 

progress and scientific breakthroughs, analytical thinking enables students to deconstruct 

problems, evaluate evidence critically, and develop reasoned solutions. These competencies 

are not only essential for academic success but also play a vital role in personal and 

professional development (Prawita et al., 2019; Pennycook et al., 2015; Finley et al., 2015; 

Egitim, 2022). As the global landscape becomes increasingly complex, fostering these skills 

has become a priority in education systems worldwide. 

Integrating analytical thinking into science curricula through innovative pedagogical 

strategies has been shown to significantly enhance cognitive abilities among students (Blatti 

et al., 2019; Banerjee et al., 2018; Ioannidou & Erduran, 2022). Traditional teaching methods, 

often characterized by teacher-centered approaches, passive student engagement, and a focus 

on rote memorization, are gradually being replaced by innovative methods such as Problem-

Based Learning (PBL), Project-Based Learning (PjBL), and Inquiry-Based Learning (IBL). As 

shown in Figure 5, innovative teaching methods emphasize student-centered approaches, 

active engagement, and comprehensive skill development. Unlike traditional methods, which 

often prioritize memorization, innovative approaches encourage deeper understanding and 

critical engagement with scientific concepts. These methods immerse students in real-world 

contexts, compelling them to conduct experiments, collaborate with peers, and explore 

solutions to authentic problems (Kuter & Özer, 2020; Setyono et al., 2018). 

  
Figure 5. Comparison of traditional and innovative teaching methods in science education 

Evidence from multiple studies supports the efficacy of these pedagogical innovations. 

For example, research published in the Journal of Science Education and Technology showed 

that students engaged in inquiry-based learning exhibited improved skills in data analysis, 

hypothesis formulation, and conclusion drawing compared to peers taught via traditional 
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methods. Such outcomes highlight the transformative potential of active learning in 

cultivating analytical thinking. These methods not only enhance understanding but also 

improve problem-solving abilities and higher-order cognitive skills, which are crucial in 

navigating academic and real-world challenges (Jaganathan, 2024; Desrani et al., 2022; Payán, 

2021; Ganapathy et al., 2017). 

The diversity of research methodologies in the study of analytical thinking underscores 

the complexity of this field (Alkhatib, 2024; Cockburn et al., 2020; Vlegels & Daenekindt, 2021). 

Quantitative approaches, such as pre- and post-test evaluations, offer measurable insights into 

students’ cognitive progress. Statistical methods like t-tests and ANOVA are frequently used 

to determine the significance of observed changes, providing robust evidence of the impact of 

various teaching strategies (Wai et al., 2018; Accettone et al., 2022; Badawi et al., 2023; Kimaru 

et al., 2017; Miftahulkhairah, 2024). These tools allow researchers to assess the effectiveness of 

specific interventions in a structured and objective manner. 

Qualitative methods, including interviews, focus groups, and thematic analysis, 

complement quantitative findings by capturing students’ subjective experiences and 

perceptions (Abrar, 2018; Kegler et al., 2018; Parsons et al., 2023; Cooper et al., 2015). These 

insights reveal the motivational and emotional aspects of learning, as well as the challenges 

students face in adapting to new teaching approaches. For instance, thematic analysis often 

uncovers recurring themes such as enhanced collaboration, increased motivation, and a sense 

of ownership over the learning process. Such insights are invaluable for refining teaching 

methodologies to better address students’ needs (Kozleski, 2017). 

The integration of quantitative and qualitative approaches provides a comprehensive 

understanding of how analytical thinking develops. This triangulation of data strengthens the 

validity of research findings and offers nuanced insights into the factors that promote 

cognitive growth (Rosadi et al., 2018; Al-Mohammadi, 2017; Permana et al., 2019; Mayarni & 

Nopiyanti, 2021; Wilkin, 2017). This dual approach enables educators to design more effective 

interventions that are grounded in both empirical evidence and an understanding of students’ 

lived experiences. 

As a cornerstone of scientific inquiry, analytical thinking enables students to 

systematically tackle complex problems, formulate hypotheses, and accurately interpret data 

(Demir, 2022; Al-Mohammadi, 2017). The importance of nurturing these skills has only grown 

in the face of multifaceted 21st-century challenges (Foster & Lemus, 2015; Čipková & Karolčík, 

2018; Maddens et al., 2020; Nurlaelah et al., 2021; Erman et al., 2018). The review highlights 

several effective methods for achieving this, including problem-based learning (PBL), project-

based learning (PjBL), and inquiry-based learning (IBL). Each method emphasizes active 

participation and critical engagement, allowing students to deepen their understanding while 

honing their reasoning abilities. 

Additional strategies, such as metacognitive scaffolding and debate, further enhance 

analytical skills by encouraging reflective thinking and critical evaluation of ideas. Debate 

fosters argumentation and reasoning, while research-based learning immerses students in 
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authentic scientific investigations, enabling them to synthesize and analyze data effectively. 

These treatments are instrumental in complementing broader pedagogical approaches and 

addressing specific cognitive skills. 

Data collection methods used in this field range from standardized assessments and 

rubrics to interviews and surveys, ensuring that both objective and subjective aspects of 

learning are captured. Statistical analyses, including t-tests and ANOVA, provide compelling 

evidence of intervention effectiveness, while qualitative analyses delve into the nuances of 

student experiences. This combination ensures a holistic view of how analytical thinking 

develops and evolves over time. 

Despite these advances, there is a need for further research to explore new strategies 

and extend their applicability to diverse educational contexts (Magrath et al., 2019). Emerging 

technologies, such as artificial intelligence and virtual reality, hold significant potential for 

creating immersive learning environments that support analytical thinking. These tools can 

simulate complex phenomena, providing real-time feedback and enabling students to engage 

deeply with the material. 

Future studies must also address issues of scalability and sustainability. While many 

strategies have proven successful in controlled settings, their adaptation to different cultural 

and educational contexts remains a challenge (Barnes et al., 2021; Grady, 2023; Zamboni et al., 

2019). Collaboration among educators, policymakers, and researchers is essential to ensure 

the global integration of best practices. 

Interdisciplinary approaches offer another avenue for enhancing analytical thinking. By 

integrating science education with subjects such as mathematics, engineering, and 

technology, educators can provide students with a more holistic understanding of 

interconnected concepts. Projects that require cross-disciplinary knowledge encourage 

students to apply their analytical skills in diverse contexts, preparing them for the 

complexities of the modern world. 

Teacher professional development is critical in this endeavor. Educators must be 

equipped with the skills and knowledge necessary to implement innovative teaching methods 

effectively. Ongoing training in pedagogy, data-driven decision-making, and technology 

integration ensures that teachers are prepared to foster analytical thinking in their students. 

Supporting educators is a fundamental step in delivering high-quality, impactful instruction. 

CONCLUSION 

This systematic literature review highlights the significance of analytical thinking skills 

in science education, emphasizing their critical role in preparing students for the demands of 

the 21st century. By analyzing research trends from 2013 to 2024, the review identifies key 

areas of focus, including the integration of innovative teaching strategies such as Problem-

Based Learning (PBL), Project-Based Learning (PjBL), and Inquiry-Based Learning (IBL). 

These approaches have proven effective in fostering analytical thinking, equipping students 

with the cognitive tools needed for solving complex problems and adapting to dynamic, 

knowledge-driven environments. 
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The findings also underscore the diversity of research methodologies used to study 

analytical thinking, ranging from quantitative approaches such as quasi-experimental designs 

to mixed-method studies that combine statistical analysis with qualitative insights. This 

methodological variety provides a comprehensive understanding of how analytical thinking 

skills develop and how they can be effectively cultivated. The review further highlights the 

pivotal role of technology, including digital platforms and virtual labs, in supporting these 

efforts, especially during the shift to remote learning prompted by the COVID-19 pandemic. 

Despite these advances, the review identifies gaps in the literature, such as limited 

longitudinal studies and inconsistent evaluation metrics. These challenges underline the need 

for a more robust framework to assess the long-term impact of interventions aimed at 

enhancing analytical thinking. By addressing these gaps, future research can contribute to the 

development of scalable, evidence-based strategies that promote cognitive growth across 

diverse educational contexts. This review thus serves as a foundation for advancing science 

education and fostering analytical thinking as a cornerstone of lifelong learning and 

professional success. 

LIMITATION 

While this review provides valuable insights into analytical thinking in science 

education, it is not without limitations. The focus on Scopus-indexed journals may exclude 

relevant studies published in other databases or lower-tier journals, potentially limiting the 

breadth of perspectives captured. Additionally, the reliance on English-language articles may 

introduce linguistic bias, overlooking contributions from non-English-speaking regions. 

These factors highlight the need for broader inclusion criteria in future reviews to ensure a 

more comprehensive understanding of the global landscape of analytical thinking research. 

RECOMMENDATION 

Based on the findings, future research should focus on developing scalable, cost-

effective teaching strategies that are adaptable to diverse educational contexts. Longitudinal 

studies are necessary to assess the lasting impact of interventions on students' cognitive 

abilities and professional trajectories. Researchers should also explore the potential of 

emerging technologies, such as artificial intelligence and virtual reality, to create immersive 

learning environments that support analytical thinking. Collaboration among educators, 

researchers, and policymakers will be essential to implement evidence-based practices that 

enhance science education and ensure students are equipped to meet the challenges of an 

ever-evolving world. 
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