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ABSTRACT: In preparing the order of life in the era of revolution 4.0, it is necessary to prepare competencies in achieving national 

education goals. The competency needed in the 21st century is the ability to think at a high level. These skills are critical thinking, 

creative, collaborative and communicative. This meta-analysis study aims to analyze the effect of using the Argument Driven Inquiry 

(ADI) model towards increasing students' critical thinking skills in learning. The method used in this research is a meta-analysis 

method by reviewing 9 journal articles and integrating 1 international journal article and 8 national journal articles. Data analysis 

was carried out by calculating the average Effect Size (ES) which is then categorized based on interpretation of Cohen's criteria. 

Based on the study results, the average ES model in the effect of applying the ADI model on students' critical thinking skills is 0.36 

in the medium category. So, it can be concluded that the ADI model can have a positive effect on students' critical thinking skills. 
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INTRODUCTION 

The development of knowledge and workspace demands must be followed by the development of future students' abilities and 

skills. One effort that can be made to be ready to face the new order of life in the era of industrial revolution 4.0 is to encourage 

changes in the field of education. Based on data from the Program for International Student Assessment (PISA), the ability scores 

of Indonesian students, especially in the fields of mathematics, science and literacy, are below average. For this reason, there is a 

need for competency preparation in achieving national education goals. According to the OECD (2008) identified the competencies 

needed in the 21st century, namely "The 4Cs" - communication, collaboration, critical thinking, and creativity''. These four 

competencies are considered important to be taught to students in the context of core fields of study. The skills that students need 

to master are creativity, critical thinking, problem solving, communication and collaboration [1]. These skills direct students to solve 

problems that may exist in the future. One way to improve science learning, especially in the science field, is to train students' critical 

thinking skills. It should be emphasized that critical thinking is a necessary skill for students to be sensitive to sustainability issues. 

This ability is a skill that students must master in the 21st century. Critical thinking means reasoning effectively, recognizing 

relationships between systems, concepts and scientific to solve problems [2]. 

Critical thinking skills are really needed in solving problems in science learning. Science learning also requires students to 

have high analytical and evaluation skills in solving every problem [3]. So, in the science learning process, students really need 

critical thinking skills. Critical thinking skills have the potential to form quality people, because this skill plays a very important 

role in helping someone to solve problems [4]. Apart from that, the ability to think critically is an ability that is very necessary for 

a person to be able to face various problems faced in social and personal life [5]. Critical thinking skills have the potential to improve 

human quality, because these skills are very important in helping students to solve problems [6]. Therefore, efforts to train critical 

thinking skills in the educational process are important [7]. 

Apart from that, critical thinking skills also have a relationship with argumentation skills. Indicators of critical thinking are: 

(1) able to understand and formulate the main problem, (2) able to express reasons based on facts/evidence, (3) able to 

make/choose arguments that are logical, relevant and accurate, (4) able to explain the meaning of the argument which are made 

based on different points of view and (5) are able to determine the consequences of an argument taken as a decision [8]. One of the 

sub-aspects is being able to make/choose logical arguments. There are several indicators of critical thinking, one of which is that 

students are declared capable of critical thinking if they are able to analyze, understand and evaluate argumentative statements in 

learning [9]. 
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Students' critical thinking abilities are realized through how to communicate and express the material they understand [10]. 

So, it can be said that if someone has good critical thinking skills, they will also have good argumentation skills [11]. Critical 

thinking is seen as a metacognitive process consisting of several sub-skills such as memory, comprehension, analysis, evaluation, 

inference, and reflective judgment. Individual argumentation and problem solving abilities can be improved when critical thinking 

is used appropriately [12]. This is because one of the elements of critical thinking is recognizing arguments. Therefore, practicing 

argumentation has been proven to improve students' critical thinking abilities [13]. 

However, in the learning process, in fact, there are still many students who do not yet think critically in solving a problem and 

managing the information obtained so that it can be analyzed well. Students are only able to recognize or identify explanations of 

simple scientific phenomena but are not able to use various information, explain evidence and arguments using critical analysis, and 

are not able to demonstrate the ability to think and reason scientifically [3]. Based on this explanation, critical thinking skills need 

to be empowered or stimulated. This habituation or stimulus cannot be done in a conventional learning atmosphere, strategy and 

model [14]. 

One model that can be used to train critical thinking and argumentation skills at the same time is the Argument Driven Inquiry 

(ADI) model. ADI is a model that emphasizes student-centered learning. This provides students with more opportunities to 

construct knowledge and scientific explanations through self-inquiry [15]. One solution that can be done to improve students' critical 

thinking skills is to apply learning with the Argument-Driven Inquiry (ADI) model [16]. The ADI learning model is a learning 

model designed to provide effective learning experiences in the classroom and more authentic experiences in science laboratory 

learning, especially in improving students' critical thinking skills. The Society of College Science Teachers (SCST) has 

recommended that laboratory practices be redesigned so that the activities are more inquiry-based, grounded in current research on 

how people learn, and promote more critical thinking, problem solving, and collaborative work on meaningful tasks [17]. 

It is hoped that with this ADI model students will not only receive concepts and knowledge passively but rather students will  

be able to actively investigate or discover knowledge by solving problems that arise [18]. The ADI model provides a way for students 

to develop the knowledge and skills they need to become experts in science while in school [19]. 

According to Kadayifci, Atasoy, and Akkus in their research also stated that through the ADI model in learning can improve 

students' argumentation skills, apart from that, a close relationship was found between students' weaknesses in arguing with their 

critical and creative thinking skills, where students who were able think critically in solving problems, then argumentation skills 

also increase [20]. The ADI model differs from other methods in being able to give students the opportunity to design research and 

find their own results, as well as to engage in an argumentation process where they can share and support their ideas. This method 

consists of peer review which improves students' critical thinking skills, thereby giving students the opportunity to see and correct 

their shortcomings [21]. 

In the ADI learning model, students will be invited to identify tasks, collect data and produce their own arguments, which will 

be felt to be able to grow and improve critical thinking skills [22]. Apart from that, the ADI model also requires students to peer-

review lab reports which develops students' critical thinking skills [21]. This step learning model is designed to provide students 

with educative feedback, encourage students to develop and use appropriate standards, and to help students become more 

metacognitive as they work. It is also designed to create a community of learners that values evidence and critical thinking in the 

classroom [22]. A number of studies show that such activities can help students learn content, develop complex reasoning and 

critical thinking skills [23]. This shows that the syntax contained in the ADI model can train students' critical thinking skills, 

especially in science subjects. 

 

METHOD 

This review aims to describe the effectiveness of implementing the learning model in improving students' critical thinking 

skills. The method used in this research is a literature review. Literature review is a systematic method for identifying, evaluating 

and synthesizing research works and thoughts that have been produced by previous researchers [24]. This method is used to find 

answers to research questions using various literature [25]. The literature used comes from national and international journals by 

reviewing 9 articles that use the learning model Argument Driven Inquiry (ADI) on students' critical thinking skills. Meta-analysis 

is quantitative because it uses the calculation of numbers and statistics for practical purposes, namely to compile and extract 

information from so much data that is not possible with other methods of meta-analysis [27]. In this section we will explain in detail 
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details of literature search methods and selection criteria, coding process, and meta-analysis procedures. 

Literature search and selection criteria. This data is a development of one of the designs for a systematic review of research 

results in the form of a meta-analysis that explores the impact and variations of learning interventions in various scientific disciplines 

[27]. The selection of this meta-analysis sample is focused on the impact of the effectiveness of using the Argument Driven Inquiry 

(ADI) model on students' critical thinking skills. Then these keywords are linked to learning outcome keywords such as: critical 

thinking skills, high order thinking skills, and science process skills. In this case, 9 articles were selected, both studies originating 

from local (8 articles) and international research (1 article) which became the study samples in the meta analysis. 

Coding process (Coding Process) based on the meta-analysis research design, the coding process in this study includes the 

treatment or process in learning Argument Driver Inquiry as described as follows: 

 

Table 1. Syntax of Argument Driven Inquiry 

Argument Driven Inquiry Description 

 

 

 

Inquiry (SI) syntax (procedure) 

(1) problem identification, 

(2) data collection, 

(3) making tentative arguments, 

(4) argumentation session, 

(5) preparation of a written investigation report, 

(6) review of reports, 

(7) revision based on the results of the review, 

(8) reflective discussion. 

 

Effect size (ES) is a measure of the practical significance of research results in the form of a measure of the magnitude of the 

correlation or difference, or the effect of one variable on another variable. This measure complements the analysis results 

information provided by significance tests. The following is the formula for finding the effect size according to Cohen. 

 

Table 2. Effect size categories 

Cohen’s Standard Effect Size 

Height 0,6-2,0 

Currently 0,3-0,5 

Low 0,0-0,2 

 

RESULTS AND DISCUSSION 

Analysis results from 9 Learning Program journal articles Science Based Argument Driven Inquiry Regarding students' critical 

thinking skills, it can be seen in Table 3. The discussion in this research includes the overall average influence of the effectiveness 

of using the model. Argument Driven Inquiry on students' critical thinking skills, then they will be compared based on country, level 

of education and field of study. 

 

Table 3. List of Studies, Coding, and Effect Sizes 

No Researc

her 

Country Field of study/ Level Research N IS Is 

1 [3] Indonesia Science/Middle School Critical thinking 53 0,26 R 

2 [28] Indonesia Science/ Middle 

School 

Critical thinking 31 0.38 S 

3 [1] Indonesia Science/ Middle School Critical thinking 204 0,44 R 

4 [11] Indonesia Science/Middle School Critical thinking 50 0,32 R 
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5 [4] Indonesia Science/ Middle 

School 

Critical thinking 315 0.52 S 

6 [22] Indonesia Science/ Middle School Critical thinking 30 0,41 S 

7 [16] Indonesia Science/ Middle 

School 

Critical thinking 52 0,64 T 

8 [20] Türkiye Chemistry/Student Critical thinking 30 0,43 R 

9 [8] Indonesia Science/ High School Critical thinking 64 0,57 R 

10 [21] Türkiye Biology/Primary 

School 

Argument-based 

Inquiry 

79 0,46 S 

11 [23] America Science/Middle School Argument-based Inquiry 15 1,05 T 

12 [28] Türkiye High School/Physics Argument-based 

Inquiry 

63 2,00 T 

13 [17] America Chemistry/Student ADI instructional model 32 0,43 S 

14 [28] America Chemistry/Student Argument-based 

Inquiry 

186 1,98 T 

15 [28] America Chemistry/Student Argument-based Inquiry 39 0,69 T 

16 [19] America Science/Middle School Argument-based Inquiry 38 0,51 S 

17 [29] Türkiye Chemistry/Student the effectiveness of 

Argument-Driven Inquiry 

125 0,25 R 

18 [15] Thailand Chemistry/High 

School 

Skills in using the ADI 

model 

31 0,40 S 

19 [2] Indonesia Science/Middle School ADI & Critical Thinking 28 0,32 S 

20 [13] Indonesia Physics/High School Development of 

students' argumentation processes 

32 0,48 S 

21 [6] Indonesia Chemistry/Teacher ADI & Critical 

Thinking 

20 0,29 R 

22 [30] Türkiye Chemistry/High School Argument Driven Inquiry Method 45 2,01 T 

23 [7] Indonesia Physics/High School Development of ADI- 

based LKS 

20 0,29 R 

24 [26] Türkiye Science/Teacher Enactment of Argumentation 3 0,35 S 

25 [31] Indonesia Physics/High School Implementation of the 

ADI Model 

85 0,53 S 

26 [34] Türkiye Senior High School Argument Research In Science 46 0.43 S 

27 [14] Indonesia Senior High School ADI & Critical 

Thinking 

69 1,56 T 

28 [26] Taiwan Science/ Elementary 

School 

Critical Thinking 58 0,52 S 

29 [34] Türkiye Science/Teacher Utilizing Argument Driven 

Inquiry 

50 0,42 S 

30 [35] Indonesia Biology/High School ADI and Critical 

Thinking 

37 0,31 S 

Rate 0,67 T 
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Results of the study regarding the effects of the model ADI from various levels of education. From elementary school, 

middle school, high school, to college. This shows that the model ADI can be applied at various levels of education from 

elementary school to tertiary level. Based on a study of meta-analysis results from several journals, it can be seen that the results 

are average Effect Size (ES) is 0.63 and is categorized namely "High". This shows that the ability to learn using models Inquiry 

Argument Driven Inquiry (ADI) has quite an effective influence in providing a positive impact on improving students' critical 

thinking skills. 

The highest research is Eymur's research [30] have Effect Size the highest is 2.1. Because in this research a model is used ADI 

has a high effect on students' critical thinking skills at school. Research findings reveal that the application of the ADI learning 

model has an impact on students' critical thinking abilities, both those with high and low academic abilities with effectiveness in the 

high category. However, the ADI learning model has a greater influence and is more effective in improving the critical thinking 

abilities of students who have high academic abilities than those who have low academic abilities. 

The lowest research is found in research by Kumdang [15]. Categorized of effect size is “Low”, this shows the use of the 

Argument Driven Inquiry model. No correlation was found between students' capacity to produce new and different ideas 

(originality). In this study, deficiencies were examined quantitatively, not qualitatively. Learning with other methods may be able 

to overcome the quality deficiencies produced by students who think differently. 

Comparison of effect sizes between countries based on this analysis shows that the effect size in Turkey is in the "high" 

category with an average effect size value of 0.79, the effect size in Indonesia is in the "Medium" category with an average effect 

size value. size is 0.49. The effect size in America is in the "high" category with an average effect size value of 0.93. The effect size 

in Taiwan is in the "medium" category with an effect size value of 0.52 and the effect size in Thailand is in the "medium" category 

with an effect size value of 0.40. Based on the average effect size value from several countries that conducted research related to 

the ADI model and critical thinking skills, America is the country with the highest effect size value. This shows that the ability to 

learn using the model inquiry Argument Driven Inquiry (ADI) has quite an effective influence in providing a positive impact on 

improving students' critical thinking skills in America. 

Comparison of the effect size of educational levels based on this analysis shows the average value of the effect size at the 

elementary school level it is considered "medium" with an average value of 0.49. Middle school is in the "medium" category with 

an average score of 0.49, at high school level it is in the "high" category with an average score of 0.85, and students are " high" with 

an average score of 0.75. This indicates that the model ADI has an effective impact on students' critical thinking skills, especially 

in high school and college. 

Comparison of effect sizes in the fields of study based on this analysis shows the average effect size value in the science study 

field it is in the medium category with an average value of 0.48, in the chemistry study field it is in the high category with an 

average value of 0.81, in the biology study field it is in the medium category with an average value of 0.46. And in the field of 

physics studies, it is in the medium category with an average value of 0.37. This indicates that the model ADI has an effective 

impact on students' critical thinking skills in all fields of science study, especially in the field of chemistry study. In general, the 

results of research on science learning using ADI able to actively involve students in learning and able to develop critical thinking 

skills. 

Critical thinking skills can be realized through activities analyzing phenomena that occur in everyday life, but in reality 

students' critical thinking skills in Indonesia are still relatively low [35]. For this reason, using the Argument Driven Inquiry model 

will really help students improve critical thinking skills. Using the ADI model can help students to achieve many components of 

scientific literacy such as developing critical thinking skills [30]. Using the ADI model students will be required to design and 

implement their own methods for collecting and analyzing data, communicate and justify their ideas with others during interactive 

argumentation sessions, write investigative reports to share and document their work, and engage in peer review [28] these stages 

indirectly encourage students to think critically because students are required to be able to identify each of these stages. Being able 

to identify flaws in an argument shows critical thinking skills [30]. 

 

CONCLUSION 

Based on the results of the analysis, the model is used Argument Driven Inquiry in improving students' critical thinking 

skills, it has a positive impact. Based on the results of analysis from research conducted in several countries with science study fields 
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related to the Argument Driven Inquiry learning model and critical thinking skills, an average ES of 0.63 was obtained, which is 

included in the (high) category. In Indonesia the use of models Argument Driven Inquiry to improve critical thinking skills is still 

relatively moderate so there needs to be further improvement in the use of the Argument Driven Inquiry model in an effort to 

improve students' critical thinking skills. 
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