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 Abstract. Thermochemistry is a challenging topic in 
chemistry learning due to students’ difficulty in grasping its 
concepts, often stemming from a lack of critical thinking skills 
(CTS). This study investigates the impact of using argument-
driven inquiry (ADI) learning with a science, environment, 
technology, and society (SETS) approach on the critical 
thinking skills of high school students studying 
thermochemistry. This research, employing a quasi-
experimental design with a pretest and posttest control 
group, involved 46 students divided into a control and 
experimental group. The control group received ADI learning, 
while the experimental group received ADI learning with the 
SETS approach. The instrument used in this research is a CTS 
test on thermochemitry. It contains five valid questions and 
has a reliability score of 0.708. The analysis was performed 
using the Independent t-Test. The CTS test results revealed 
a significant difference between the groups with the 
experimental group (15.91) scoring higher than the control 
group (12.78). This suggest that incorporating the SETS 
approach into ADI learning can enhace students’ CTS.  
Keywords: Argument driven-inquiry, SETS, critical thinking 
 

 
 

Introduction  

The 21st century is marked by rapid advancements in science and technology. This 

progress drives the need for individuals to possess strong skills in analyzing and evaluating 

deeply, one of which is critical thinking skills (CTS). As mentioned by Sawitri et al., (2023), 

the importance of CTS in the 21st century lies in providing individuals with the ability to 

analyze, evaluate, and interpret logically and rationally. 

Critical thinking is important in the educational environment because it can help 

students gain a more complex understanding of the information presented to them 

(Dwyer et al., 2014). Furthermore, Lu et al., (2020) found that critical thinkers can 

make wise decisions and reasonable judgments when faced with situations that require 

solving complex problems. Jiang & McComas' (2015) also suggests that the ability to 

think critically and ask questions is the foundation of Learning and independent 

research. This is why the ability to think critically is crucial for students to possess. 

One way to enhance students' critical thinking skills is by implementing an 

appropriate learning model, such as argument-driven inquiry (ADI). This model 
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integrates argumentation and inquiry methods to stimulate critical thinking and 

problem-solving. ADI is a well-integrated learning model with effective argumentation 

and inquiry methods (Kaçar & Balim, 2021). Ginanjar et al., (2015) indicates that the 

methods developed in the ADI model can train students' scientific argumentation skills, 

thereby improving their critical thinking abilities. Additionally, ADI is developed with 

the goal of transforming conventional teaching approaches, providing students with 

the opportunity to learn through reflective processes in scientific investigations, 

ultimately enhancing their abilities in argumentation and critical thinking (Kadayifci & 

Yalcin-Celik, 2016). Therefore, the ADI learning model requires students to engage in 

argumentation throughout the learning process. 

Students' CTS can be optimized by combining them with the science, 

environment, technology, and society SETS) approach. SETS allows students to 

recognize real-life problems, gather data for problem solutions, and consider 

alternative solutions (Seyhan & Okur, 2021). This approach has great potential to 

improve students' CTS by focusing on the interconnection between science, 

environment, technology, and society. Research conducted by Ozer et al., (2021) 

shows that the SETS approach can examine technology in terms of science, 

environment, technology, and society elements simultaneously. SETS as an approach 

also shapes individuals with scientific and technological literacy, fostering concern for 

societal and environmental issues (Imaduddin & Hidayah, 2019). 

The ADI-based SETS learning model is particularly suitable for application in one 

of the chemistry topics, namely thermochemistry. According to experts, this subject 

requires conceptual understanding and training that involves considerable thinking. 

Thermochemistry is a branch of chemistry that studies the relationship between energy 

changes and the state of matter during a chemical reaction(Obaya-Valdivia et al., 

2022; Rusci & Bross (2019). Thermochemistry is closely related to everyday life, and 

its phenomena can be directly observed, such as dew on a glass containing ice as an 

exothermic reaction. 

The thermochemistry topic, as part of the chemistry curriculum, presents its own 

challenges in students' conceptual understanding. Several studies indicate that 

students often struggle to comprehend thermochemistry concepts and lack the ability 

to apply CTS to related problems (Rahmayani, 2017; Rahmi & Azra, 2023; Sihaloho et 

al., 2021). In addition to the challenging thermochemistry concepts, students' 

difficulties are also attributed to inappropriate teaching methods employed by teachers 

(Sokrat et al., 2014). Therefore, the ADI learning model combined with the SETS 

approach holds great potential for enhancing students' critical thinking skills in 

thermochemistry. 

Previous researchers have focused on studies related to improving critical 

thinking skills through the application of various learning models, such as problem-

based learning (Seibert, 2021), guided discovery-based modules (Sawitri et al., 2023), 

inquiry-based learning (Safitri & Mediatati, 2021), and inquiry-based learning models 

(Maryam et al., 2020). While efforts have been made to enhance CTS through these 

models, previous studies have not detailed their influence on students' CTS specifically 

in the context of thermochemistry. Particularly, the application of ADI based on the 

SETS approach to students' CTS in thermochemistry has not been fully explored. 

Therefore, there is a gap that needs to be addressed to enrich insights into the potential 

combination of ADI and SETS in improving students' CTS. This research will provide a 

significant contribution to the literature by offering a deep understanding of the 

effectiveness of this learning approach in the context of chemistry and may open 

opportunities for developing more efficient and contextual learning strategies. 
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Methods  

This research was conducted at Nasional High School Malang in the academic year 

2023/2024, focusing on the subject of thermochemistry. The study employed a quasi-

experimental design with a pre-test and post-test control group design, involving a total of 

46 students. The research design can be seen in Table 1. 

Table 1. Quasi-experimental design with pre-test and post-test control group design 

Score Treatment Score 

Pretest Learning with the ADI model based on SETS. Postest 

Pretest Learning using the ADI learning model. Postest 

 

This research was conducted in the following stages: (1) preparation, (2) 

implementation, and (3) evaluation. The planning stage involved preparing the design and 

learning strategies, instructional materials, and assessment instruments. The 

implementation stage included a series of data collection activities in the field according to 

the established plan. The evaluation stage comprised preparing reports, correcting post-

test answers, processing data, analyzing data, composing discussions, and drawing 

conclusions. The research design implemented can be seen in Table 2. 

Table 2. Learning experiences of the control class (ADI) and the experimental class (ADI-

SETS) 

Learning Steps Learning Experience 

ADI learning model ADI model based on SETS 

Task identification Students identify research 

topics based on the 

presented context 

Students identify research 

topics related to issues, 

phenomena, and scientific 

problems in everyday life. 

Data Collection Students conduct 

investigations through 

laboratory activities. 

Students conduct investigations 

through laboratory activities. 

Data Analysis and 

Tentative Argument 

Production 

Students analyze data, 

construct arguments to 

answer investigative 

questions based on claims, 

data, and warrants 

Students analyze data, 

construct arguments to answer 

investigative questions based 

on claims, data, and warrants. 

Students analyze the 

connections between Science, 

Environment, Technology, and 

Society related to the material 

being studied. 

Argumentation 

Session 

Students share arguments 

related to the decisions made 

in groups. 

Students share arguments 

related to the decisions made 

in groups. 

Conducting reflective 

and explicit 

discussions 

Further discussion on the 

material topic and its 

application in the presented 

context at the beginning. 

Further discussion on the 

material topic and its 

application in the context 

presented at the beginning. 

 

In this research, the population consists of all students in the eleventh grade at 

Nasional High School Malang, totaling 5 classes. The sample is drawn from classes XI-A 

and XI-B in the science program, each with 23 students. Class XI-B serves as the control 

group, while Class XI-A serves as the experimental group. Convenience Sampling is used 
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as the sampling method since the researcher collects data from readily available samples, 

namely students from classes XI-A and XI-B. 

The study employs five essay test questions designed with consideration for different 

critical thinking indicators. These indicators refer to interpretation, analysis, inference, 

evaluation, and explanation, developed by Facione. Students' responses are assessed 

based on a critical thinking scoring guide. Each question is scored on a scale of 0-4 

(Attached), allowing a maximum score of 20 for each student. This test is conducted before 

and after the learning process, both in the experimental and control groups, to evaluate 

students' CTS related to thermochemistry. 

Before the test is administered, the questions are tested on 18 students who have 

studied thermochemistry to determine their validity and reliability. The validity is assessed 

using the Pearson correlation product moment test with the assistance of SPSS 26, 

indicating significant values for each question, with values greater than 0.05, 

demonstrating the validity of the test questions. Furthermore, the reliability of the 

questions is tested using Cronbach's Alpha, yielding a value of 0.708, which is greater than 

0.60, indicating that the questions are reliable for measuring students' critical thinking 

abilities. 

To assess whether students have met each CTS indicator in solving problems 

presented in the test questions, the evaluation can be conducted based on the percentage 

score which was calculated by archieved score divided maximum score on the percentage 

scale. The percentage results of the evaluation of CTS are then categorized according to the 

information provided in Table 3. 

 

Table 3. Categories of Critical Thinking Skill Percentages 

Interval Values (%) Kategori 
81.25 < 𝑋 ≤ 100 Extremely High 
71.50 < 𝑋 ≤ 81.25 High 
62.50 < 𝑋 ≤ 71.50 Medium 
43.75 < 𝑋 ≤ 62.50 Low 
0 < 𝑋 ≤ 43.75 Extremely Low 

The research data was analyzed through an Independent t-test to examine whether 

there is a difference in CTS between the experimental class, which received treatment in 

the form of the ADI learning model based on SETS, and the control class, which was taught 

using only the ADI model. 

  

Results and Discussion  

 

Data was collected through pretest and posttest questions given to students 

learning using the ADI learning model based on SETS and students learning using the ADI 

model. The pretest data were collected after the pilot test and before any treatment was 

given, both in the experimental and control classes. Pretest data collection aimed to 

determine the equivalence of initial abilities in CTS between the two classes selected as 

samples in this study. Pretest data on critical thinking skills in thermochemistry for students 

in class XI-A (experimental) and XI-B (control) at Nasional High School Malang are 

presented in Figur 1. 
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Figure 1. Average Pretest Scores for the Experimental Class and Control Class 

 

The data in Figure 1 shows that the average scores of students in CTS for the 

experimental class are 7.5, and for the control class, it is 7.7. Based on this data, the initial 

abilities of students in both classes are not significantly different. Therefore, it can be 

concluded that both classes have the same or equivalent initial abilities. To verify this 

equivalence, a test of equality of two means was conducted using an independent t-test. 

Before conducting this test, normality and homogeneity tests were first performed using 

SPSS 26 for Windows. The normality test results for the pretest indicate that the data are 

normally distributed with a Sig. value of 0.157 > 0.05 for the experimental class and a Sig. 

value of 0.057 > 0.05 for the control class. Then, the homogeneity analysis of the pretest 

results shows a significance value greater than 0.05, namely 0.188, indicating that the 

pretest data are homogeneous. Furthermore, the test of equality of two means obtained a 

significant value of 0.726, proving that there is no difference in the initial abilities of 

students in the experimental and control classes regarding CTS. 

After the pretest, both classes were taught thermochemistry material for six 

sessions. In Class XI-A (experimental), the ADI learning model based on SETS was applied, 

while in Class XI-B (control), the ADI learning model was applied. Then, after completing 

the instruction, a posttest was administered to assess the improvement in students' CTS 

after studying thermochemistry. The posttest results for the experimental and control 

classes can be seen in Figure 2. 

 

 
Figure 2. Average Scores for the Experimental Class and Control Class 
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Figure 2 shows a difference in the average scores between the experimental and 

control classes. The average score for students' CTS in the experimental class is 15.91, 

while in the control class, it is 12.78. To examine the difference in the results of ADI-SETS 

learning in the experimental class, an Independent t-Test was conducted. Prior to this, 

prerequisite tests were performed to assess the normality and homogeneity of posttest 

data. The normality test results for the posttest indicate that the data are normally 

distributed, with Sig. values of 0.141 for the experimental class and 0.192 for the control 

class. Furthermore, the homogeneity test indicates homogeneous data with a Sig. value of 

0.384. 

The hypothesis test using Independent t-Test was conducted based on the posttest 

scores of students' CTS between the experimental and control classes. The results of this 

hypothesis test are presented in Table 4. 

 

Table 4. Hypothesis Testing Results 

 

Table 4 displays the results of the hypothesis test regarding students' CTS between 

the experimental and control classes. The test results show a Sig. value of 0.003, which is 

less than the significance level of 0.05. This means that there is a significant difference in 

the CTS of students who received instruction using the ADI learning model based on SETS 

compared to students who used the ADI model for thermochemistry. 

Furthermore, the improvement in students' CTS regarding thermochemistry is 

categorized based on CTS indicators. The CTS indicators used in this study include 

interpretation, analysis, conclusion, evaluation, and explanation. Details of the 

improvement in CTS for each indicator can be seen in Table 5. 

 

Table 5. Recapitulation of students' improvement in CTS for each indicator 
Critical Thinking 
Skills Indicators 

ADI Learning Model Improvemen
t (%) 

ADI learning model 
based on SETS 

Improvement 
(%) 

Pretest 
Average 
(%) 

Posttet 
Average 
(%) 

Pretest 
Average 
(%) 

Posttest 
Average 
(%) 

Interpretation 52.2 73.9 21.7 48.9 79.93 31.03 

Analysis 42.4 70.7 28.5 40.9 78.3 37.4 

Inference  40.2 70.7 30.5 35.9 84.4 48.5 

Evaluation  35.9 63.0 27.1 32.6 80.4 47.8 

Explanation  19.6 41.3 21.7 31.5 75.5 44.0 

Average 38 63.9 25.9 37.8 79.6 41.74 

  

Based on Table 5, students' CTS in both the control and experimental classes were 

initially categorized as low during the pretest, with percentages of 38 % and 37.8%, 

respectively. The final test results indicate that the control class achieved a percentage of 

63.9%, categorized as moderate. Meanwhile, the experimental class obtained a post-test 

score of 79.6, falling into the high category. Considering the average increase, the rise in 

CTS for the experimental class (41.74%) was higher than that for the control class (25.9%). 

Thus, it can be concluded that the use of the SETS approach in the ADI model proves to be 

more effective in enhancing students' CTS compared to using the ADI teaching model alone. 

The analysis of pretest, posttest, and the improvement in students' CTS for each 

indicator indicates that the ADI learning model based on SETS can enhance critical thinking 

SKill Class Std. 

Deviation 

Significant Interpretation 

Critical Thinking Experimental 2.968 0.003 There is a significant 

difference. Control  3.717 
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skills more effectively than the application of the ADI model alone. The integration of SETS 

requires students to use their reasoning abilities to establish connections between science, 

technology, the environment, and society (Mahlianurrahman et al., 2023). Consequently, 

students are challenged to analyze, research, seek information, and apply new concepts in 

science that have been constructed in real-life situations with the use of specific technology 

and its impact on the environment and society. 

The relevance of concepts to everyday life is one of the key factors contributing to 

the success of this model in motivating students to delve deeper into thermochemistry 

material. The implementation of the ADI learning model based on SETS can associate 

scientific concepts with real-world situations known to students. Integrating social and 

environmental contexts into learning strengthens scientific concepts and provides meaningful 

significance for students (Budi & Sunarno, 2018; Perdana & Rosana, 2023). 

Additional support for these findings is found in the ADI model's focus on scientific 

argumentation skills, which has empirically proven to enhance students' conceptual 

understanding and CTS (Alvionita & Supardi, 2020). The ADI-based SETS model, placing 

scientific argumentation at the core of the learning process, has a positive impact on shaping 

students' scientific thinking. By designing activities that encourage students to develop their 

own scientific arguments, teachers create a reflective and profound learning environment. 

Therefore, it is crucial for teachers to pay attention to and facilitate scientific argumentation 

practices in the context of thermochemistry learning, ensuring that students not only master 

concepts but can also articulate their opinions scientifically. 

In detailing the indicators of CTS, the analysis results also demonstrate that the ADI 

model based on SETS provides a greater improvement in each aspect, including 

interpretation, analysis, inference, evaluation, and explanation. These findings align with the 

research by Handayani et al., (2020), which showed a significant increase in students' 

attitudes and skills in arguing, designing, researching, analyzing, interpreting data, and 

writing scientific papers. These results strengthen the argument that the SETS approach is 

not only effective overall but also capable of creating a positive impact on various dimensions 

of CTS. Students are actively involved in sorting information, prioritizing various details, 

identifying connections between information, and seeking the foundations that support 

argument formation. Thus, this approach can serve as an exercise for students to enhance 

their critical thinking abilities. 

In ADI-based learning, students are less prepared to solve problems related to the 

learned concepts. They are not introduced to new knowledge to invest in real-life issues. 

Consequently, students do not have the opportunity to apply their knowledge to a broader 

real-world context. Students taught with an argumentation-based learning model are trained 

to discover concepts only in their own experiences (Riyanti et al., 2023). In their activities, 

they investigate to gather data to form strong arguments to enhance their thinking skills. 

  

Conclusion  

 

From the research results and analysis, it can be concluded that the ADI approach, 

combined with the SETS approach, proves effective in enhancing students' CTS. This is 

evident from the results of the independent t-test, showing a significance value of 0.003, 

which is smaller than the significance level of 0.05. The average score of the experimental 

group (15.21) is also proven to be higher than that of the control group (12.78). The 

implications of this research indicate that the use of ADI learning combined with the SETS 

approach has a positive impact on improving students' CTS. The ADI model using the SETS 

approach provides an opportunity for students to think holistically about the relationship 

between chemistry and technology, as well as its application in the context of the 

environment and society. Additionally, this research also indicates that this approach can 

help students understand how chemistry interacts with technology around them. It enables 
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students to connect their learning to real-world applications in daily life, reinforcing their 

understanding of concepts and the relevance of chemistry in practical contexts. 
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