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A B S T R A K 

Literasi sains merupakan kemampuan abad 21 yang perlu dimiliki untuk 
menghadapi permasalahan yang terjadi di lingkungan sekitar dan 
menyelesaikannya dengan konsep serta pengetahuan yang telah dimiliki.  
Namun masih banyak siswa yang kurang memiliki literasi sains. 
Rendahnya literasi sains peserta didik mengakibatkan sulitnya peserta 
didik dalam mengintegritaskan pengetahuan yang didapat dengan empat 
aspek litersi sains. Tujuan penelitian ini yaitu untuk menganalisis 
penerapan dan perbedaan hasil belajar sebelum dan sesudah 
menggunakan model pembelajaran Argument-Driven Inquiry pada materi 
asam basa. Pada penelitian ini menggunakan desain penelitian pre-
eksperimen dengan One-Group Pretest-Postest. Sampel yang digunakan 
yaitu 30 orang peserta didik kelas XI IPA. Pemilihan sampel 
menggunakan cara Purposive Sampling. Instrument penelitian yaitu 
instrument tes pilihan ganda beralasan, lembar observasi dan rencana 
pelaksanaan pembelajaran. Teknik analisis data yang digunakan uji 
paired sample t-test. Hasil perhitungan uji paired sample t-test sebesar 
0,000 sehingga terdapat perbedaan keterampilan argumentasi ilmiah 
peserta didik setelah diterapkan model pembelajaran Argument Driven 
Inquiry (ADI). Peserta didik lebih aktif saat pembelajaran dan 
memberikan argumentasi ilmiah sesuai dengan komponen argumentasi 
ilmiah yang baik. 
 

A B S T R A C T 

Scientific literacy is a 21st-century ability that needs to be possessed to deal with problems that occur 
in the surrounding environment and solve them with concepts and knowledge that they already have. 
However, there are still many students who lack scientific literacy. The low scientific literacy of 
students makes it difficult for students to integrate the knowledge gained with the four aspects of 
scientific literacy. This study aimed to analyze the application and differences in learning outcomes 
before and after using the Argument-Driven Inquiry learning model on acid-base materials. This study 
uses a pre-experimental research design with One-Group Pretest-Postest. The sample used is 30 
students of class XI IPA. Sample selection using purposive sampling. The research instrument is the 
multiple-choice reasoned test instrument, the observation sheet, and the lesson plan. The data 
analysis technique used was the paired sample t-test. The result of the calculation of the paired 
sample t-test is 0.000. There are differences in students' scientific argumentation skills after the 
Argument-Driven Inquiry (ADI) learning model is applied. Students are more active during learning and 
provide scientific arguments according to the components of a sound scientific argument.

 

1. INTRODUCTION 

Literacy is basic knowledge and competence that must be possessed by the community based on 
the context of community needs and the times (Asyhari & Putri, 2017; Hasanah, 2018; Srirahayu & Arty, 
2018). Literacy is not focused only on reading. However, the ability of the 21st century has become the 
focus of this GLN. The New Vision for Education diagram from the World Economic Forum (WEF) and The 
Boston Consulting Group (BCG) is a learning concept facing the 21st century. GLN displays the same three 
categories as New Vision for Education from WEF & BCG, namely basic literacy, competence, and 
character (Raharjo et al., 2017; Rahayuni, 2016). One of the basic literacy of WEF and BCG is scientific 
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literacy. The Program for International Student Assessment (PISA) from 2000 to 2018 was still below the 
Organization for Economic Co-operation and Development (OECD) average of 489. The results of the 2018 
PISA study in Indonesia gave an average score of 371 in reading, mathematics 379, and science 396 
(Kismiantini et al., 2021; Rastuti et al., 2021). The low scientific literacy of students makes it difficult for 
students to integrate the knowledge gained with the four aspects of scientific literacy (Asyhari & Putri, 
2017; Handayani, 2021). These aspects are context, knowledge, competence, and attitude. Scientific 
literacy is a 21st-century ability that needs to be possessed to deal with problems that occur in the 
surrounding environment and solve them with concepts and knowledge that they already have (Samsu et 
al., 2020; Srirahayu & Arty, 2018). In addition, literacy can create a critical society and shape a person to 
adapt to a knowledgeable society (Aiman & Ahmad, 2020; Rahayuni, 2016).  Argumentation is the basic 
ability to solve environmental problems through facts and data (Probosari et al., 2016; Suraya et al., 
2019). As an example of the global warming phenomenon, argumentation serves as a supporter and 
assists students in explaining the phenomenon. Students can explore more ideas about how and why 
global warming occurs (Salsabila et al., 2019). In addition, the phenomenon that is currently happening is 
the Covid-19 disease (Barrot et al., 2021; Busyra & Sani, 2020; Ode et al., 2021). The Covid-19 fatality rate 
has a high percentage of 80% compared to the Severe Acute Respiratory Syndrome (SARS) outbreak in 
2003 oat10% and the Middle East Respiratory Syndrome (MERS) outbreak in 2012 and 2019 oat34% 
(Mahase, 2020). This phenomenon requires students' scientific argumentation skills to study so that 
students can find solutions to reduce the percentage of the spread of Covid-19. It requires students to 
apply argumentation to classroom learning. 

Scientific argumentation is the ability to compose a statement based on evidence and justifiable 
reasons useful in convincing an attitude or value (Ho et al., 2019; Suraya et al., 2019). However, scientific 
arguments have different meanings from arguments in general. The difference in scientific argumentation 
lies in the statement (Claim), evidence (evidence), and considerations (justification). The statement 
contains a descriptive statement that can solve the research problem. The evidence contains 
measurements, observations, or other research results carried out. The argument component explains a 
phenomenon with relevant evidence and pivots on the right concept (Berndt et al., 2021; Probosari et al., 
2016). According to Toulmin, the important components in an argument are claims, grounds, warrants, 
backings, rebuttals, and qualifications (Toulmin, 2003). The components of scientific argumentation 
consist of 3, namely claim, evidence, and reasoning (McNeill, 2011). A claim is a statement that answers a 
question or problem. Evidence is scientific data that supports the claim, while reasoning is the application 
of science to solve problems and explain the reasons for the evidence supporting the claim. The warrant 
component, according to Toulmin, is the same as the reasoning component according to McNeill.  Several 
studies have proven that scientific argumentation is beneficial for students, such as helping students to 
improve their understanding of scientific concepts and processes, making correct decisions or problem-
solving, and improving their argumentation skills (Sampson et al.,2011; Demircioglu & Ucar 2,015). 
Arguments also become a strong basis for a complete and correct understanding of the concept. Previous 
research stated that the ADI learning model affected students' metacognitive and critical thinking skills 
(Amin et al., 2020; Siahaan et al., 2019). The benefits of scientific argumentation that have been put 
forward require science teachers to get used to learning that can stimulate scientific argumentation skills. 
To make learning active in earning is to use learning models, one of which is Argument Driven Inquiry 
(ADI). 

The Argument Driven Inquiry (ADI) learning model is one of the Inquiry learning models that 
focuses on student participation by emphasizing the construction and validation of knowledge through 
problem-solving activities (Nurrahman et al., 2018; Rahayu et al., 2020). This learning model facilitates 
students to stimulate the scientific arguments contained in each stage. The ADI learning model can 
improve scientific processes and argumentation skills (Demircioglu & Ucar, 2015; Rosidin et al., 2019). 
Other studies found that to improve scientific literacy, namely the ADI, Inquiry, and STEM learning models 
(Ginanjar et al., 2015; Herlanti et al., 2019; Nurrahman et al., 2018). However, this ADI model is still rarely 
used in teaching and learning activities. One teaching and learning activity rarely uses the ADI model in 
chemistry learning, especially on acid-base materials. Usually, acid-base materials are mixed and matched 
with lab checking pH, testing natural indicators, and so on. The ADI model can be used in practicum 
activities and learning in class (Demircioglu & Ucar, 2015). Acid-base material is the main subject taught 
in eleventh grade SMA/MA. This material includes real objects and phenomena that can be felt in students' 
daily lives, such as household chemicals, media news, acid rain news, and industry (Cigdemoglu et al., 
2017; Muchson et al. In addition, the concept of an acid-base solution is experimental so that that process 
competence can be measured through a chemical practicum of the concept of an acid-base solution (El 
Islami et al., 2016; Rahmawati & Partana, 2019). Acid-base material suitable for the ADI learning model is 
the concept of identifying acid-base solutions because it is easy to design a scientific investigation of facts 
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that exist in the environment and relate them to the concepts studied. Arguments will become scientific 
discourses to connect students' understanding with facts and data in the environment. This study aims to 
analyze the application of learning acid-base materials using the Argument Driven Inquiry learning model 
and find out the differences in learning outcomes after using the Argument-Driven Inquiry learning model 
to stimulate scientific knowledge argumentation skills acid-base materials. 

 

2. METHODS 

 This study uses a pre-experimental research design (pre-experimental) with One-Group 
Pretest-Postest. The population in this study were all eleventh-grade science students at SMAN Cahaya 
Madani Banten Boarding School, with a sample of 30 students. Sample selection using purposive 
sampling. Sample selection uses the purposive sampling technique to select individuals to be sampled 
according to the criteria for the research objectives so that they will represent the population and 
conclusions can be drawn from the research results. The data collection techniques in this study were a 
matter of scientific argumentation skills, observation sheets on the implementation of the syntax of the 
Argument Driven Inquiry online learning model, and documentation. The scientific argumentation ability 
question is reasoned multiple-choice, consisting of 25 questions. The provision of tests in the form of 
pretest and post-test to measure the argumentation ability of students before and after the treatment of 
the Argument Driven Inquiry (ADI) learning model on acid and base learning. Observation techniques to 
determine the achievement of each syntax of the ADI learning model and documentation to attach 
evidence of research that has been carried out. Documentation in the form of videos during learning, 
screenshots of learning evidence, and photos. Data analysis in the form of validity, reliability, descriptive, 
and inferential analysis. The descriptive analysis interprets data with maximum-minimum values, mean, 
and sum—inferential analysis using normality test and paired sample t-test using SPSS 26 software for 
Windows. 
 

3. RESULTS AND DICCUSSION 

Results  

As many as 30 questions that have been content validated by eight panelists using the CVR 
(Content Validity Ratio) method get a conclusion from 8 panelists that 28 questions will be used properly 
but need some revisions. The results of the reliability calculation show that the scientific argumentation 
test instrument is consistent with using (reliable). Cronbach's alpha score is 0.855, indicating that 
Cronbach's alpha score is > 0.6. This value concludes that the scientific argumentation test instrument is 
reliable and can be used. Based on the pretest results (N = 30), which were processed using SPSS, the 
average score was 26.00, the minimum score was 7, and the maximum score was 50. The post-test results 
obtained an average score of 61.60, the minimum score was 42, and the maximum score was 75. The data 
on the average pretest and post-test scores in the figure below shows that the post-test average score is 
greater than the average pretest score. The results of the observation of the implementation of the syntax 
of the learning model from ADI were presented in the form of a percent and calculated using Microsoft 
Excel. The results of observing the implementation of the ADI syntax are presented in Figure 1. 
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Figure 1. Results of observing the implementation of the syntax of the online learning model Arguments 
Driven Inquiry 
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Based on Figure 1, the syntax of task identification, designing methods and collecting data, 
producing tentative arguments, and argumentation sessions have very good criteria because all students 
carry out the syntax. The syntax for making reports and revising reports has good criteria because, at the 
time of making reports, some students did not participate in making reports carried out in groups. In the 
syntax of the revised report, not all students participated because only two groups experienced 
improvements. However, during explicit reflective discussions and double-blind peer review, the criteria 
were lacking because they encountered several obstacles, such as participants not discussing through the 
menu in the eduflow virtual class and at the double-blind peer review stage to assess the practicum 
report in the eduflow virtual class, there was an error so that not all students can rate reports belonging 
to his friends. The percentage diagram of scientific argumentation for each level at the pretest and post-
test is presented in Figure 2. 

 

 

Figure 2. Graph of the quality of students' scientific arguments at the pretest and post-test 
 

The data above shows that at the time of the pretest there were 87% of students' scientific 
arguments reached level 1, 77% of scientific arguments reached level 2, and 0% of scientific arguments 
reached levels 3 and 4 Wulandari (2020) before being treated with the ADI model of learning, on average, 
students were able to argue scientifically at the first and second levels. The first level argument only 
contains a claim that has been presented in the answer choices, and the second level has provided data to 
support the claim. Before applying the Argument Driven Inquiry learning model in this research, most 
students achieved scientific arguments at the first and second levels. At the first level, students can only 
submit a claim without providing evidence and reasons to support the claim that has been stated in the 
answer choices. To make a claim, students do not need to think critically, but students only need to 
recognize, remember, understand, classify, and apply their knowledge (Parlan et al., 2020). The second 
level of argumentation already provides evidence and reasons to support a claim but does not provide a 
rebuttal. After learning using the Argument Driven Inquiry (ADI) learning model, there was an increase of 
23% on the second level of scientific argumentation, 17% on the third level of scientific argumentation, 
and 30% on the fourth level. Increase scientific argumentation ability because the ADI model provides 
learning steps that stimulate scientific argumentation, especially at the argumentation session stage 
(Wulandari, 2020). The normality test obtained was 0.409 for the pretest and 0.076 for the post-test. 
When compared with a significance level of 0.05, the score for the normality test for pretest and post-test 
is greater than 0.05. if the significance score or probability score > 0.05, then the data distribution can be 
normal. Furthermore, the Paired Sample T-Test was tested to determine the differences in students' 
scientific argumentation skills after the Argument Driven Inquiry (ADI) learning model was applied. The 
result of the Paired Sample T-Test calculation is 0.000, and when compared with a significance score of 
0.05, the result is 0.000 <0.05. Applying the Argument Driven Inquiry (ADI) learning model indicates 
differences in students' scientific argumentation skills. 

 
Discussion  

There is an increase in students' scientific argumentation skills after being given treatment. The 
difference in scientific argumentation ability after using the ADI learning model is because the ADI 
learning model provides a space that helps students build quality scientific arguments through the 
argumentation session stage and make reports on practical results that improve their ability to draw valid 
conclusions based on the evidence found in practice (Rahayu et al., 2020; Rosidin et al., 2019; Walker et 
al., 2019). The first stage of the ADI learning model is task identification. At this stage, learning is carried 
out synchronously through Google meet. Students are given a stimulus regarding the characteristics of 
acidic and basic solutions. It will improve students' abilities (Agina, 2012; Masrom et al., 2021; Setiawati 
et al., 2013). Then a problem is presented if, in the laboratory, two solutions have the same physical 
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properties (a colorless solution and a liquid). Then a question was asked about how to find out the nature 
of the two solutions, and the student with the initials AK answered by using litmus paper. Students' 
scientific argumentation skills are at the first level because they only convey a claim without providing 
evidence and reasoning why a litmus paper can be used to determine the nature of a solution. The first 
level of argument only contains simple claims or counterclaims by Osborne's scientific argument 
framework. In addition, an explanation of the importance of scientific argumentation, components of 
scientific argumentation, criteria for good scientific argumentation, and examples of scientific 
argumentation are also given. When learning occurs, the teacher asks a question about the Arrhenius acid-
base theory. Students can make scientific arguments at the second level because they have provided a 
complete scientific argument, but there is no refutation. In addition to being carried out synchronously, 
the task identification stage is also carried out asynchronously. Asynchronous activities provide a source 
of reading about the characteristics of acids and bases found in the Eduflow application classroom. Task 
identification is carried out asynchronously so that students can reread the material that has been 
explained. The task identification stage focuses students on ongoing learning (Ginanjar et al., 2015; Putri, 
2017; Salsabila et al., 2019). The second stage is designing methods and collecting data. Students are given 
a link to the eduflow classroom for the acid-base identification practicum. Then students enter the 
eduflow application using their respective emails and select group tags in activity 5 according to the group 
divisions that have been given. Group division is an important activity in generating and improving 
scientific argumentation skills. Group work on the ADI learning model can stimulate students to discuss 
and present scientific arguments (Demircioglu & Ucar, 2015; Ginanjar et al., 2015; Siahaan et al., 2019). In 
the next activity, a video identification of acid-base solutions using universal indicators is given to 
stimulate students to identify acid-base solutions in many ways. One of them is using universal indicators. 
Activity 6, which contains an acid-base identification practicum video, has been seen by 24 students, and 
six students have not seen the video. In the third stage, namely the production of tentative arguments, 
each group makes a scientific argument consisting of claims, evidence, and reasoning. Before making 
scientific arguments, each group discusses in activity 7 group discussions. Each student must express an 
opinion and comment on his friend's opinion to open the next activity (Sampson et al., 2011; Walker et al., 
2019). The guiding question in the discussion is how to identify a solution as an acid or a base? In this 
activity, only 14 students had discussions. However, each group had a discussion even though some group 
members were not actively involved. Then each member is obliged to comment or provide reinforcement 
on the scientific arguments of their group mates.  

To determine a suitable method for identifying acid-base solutions at the discussion stage, 
students with the initials NA gave a rebuttal (rebuttal). The scientific arguments do not provide strong 
evidence for why acid-base solutions are corrosive, so they are categorized as level 3. However, most 
students argue scientifically at the discussion stage at level 2. Students can compose complete scientific 
arguments containing claims, evidence, and reasoning (Ginanjar et al., 2015; Kua, 2018). The fourth stage, 
namely the argumentation session, can stimulate scientific argumentation skills because at this stage, 
students present and assess their friends' scientific arguments. Activity 9 is the presentation of the results 
of each group's scientific arguments. The result of the presentation is a video screen record of the 
presentation of scientific arguments for 2-3 minutes. Activity 10 is a peer review video presentation of 
scientific argumentation of other groups. Not all students get a share to assess other groups' videos 
because if learning uses the ADI model offline (outside the network), there is a division of tasks within the 
group. The division of tasks in the form of a note-taker and presenter. The learning system is that there 
are groups that move/visit other groups to assess and listen to the scientific arguments of other groups. 
The note-taker will write down the information obtained when visiting other groups. At the same time, 
the presenters just sit in silence, waiting for another group to come and explain the results of their group's 
scientific arguments (Probosari et al., 2016; Walker et al., 2019). In the peer review activity of scientific 
argument videos, there are arguments at level 3 because they have shown a rebuttal.  

Activity 11 reflects the results of peer review videos of scientific arguments. In this menu, 
students can find out their friends' assessments, reflect on deficiencies and improve scientific arguments if 
there are improvements. It is useful so that students know the mistakes in making scientific arguments. 
The fifth stage of explicit reflective discussion aims to facilitate students discussing and designing 
practicums by the scientific arguments that have been put forward. In the virtual class, 12 activity menus 
have been provided for designing practicums. The activity contains instructions for identifying acid-base 
solutions, examples of observation tables, and links for conducting practical identification of acid-base 
solutions. Next, each group discusses the right method to identify acid-base solutions. The sixth stage is 
reporting. After designing a method to identify acid-base solutions, each group conducted an online 
practicum by selecting the appropriate link. The link provided contains lab work on identifying acid-base 
solutions using litmus solution, acid-base reactions with carbonate compounds, acid-base reactions with 
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metals, pH meters, universal indicators, and electrical conductivity. Each group chooses a practicum that 
they think is appropriate. The most widely chosen method is the acid-base test with litmus solution. 
Making a practicum report is available in activity 17. A practicum report template has been provided in 
this activity so that students only fill in according to the data obtained. This stage is useful for facilitating 
students in proving a claim and training in scientific argumentation by its components (Rahayu et al., 
2020; Rosidin et al., 2019; Walker et al., 2019). In addition, making a practicum report facilitates students 
to analyze data and information to understand a concept that can be used as evidence to support a claim  
(Putri, 2017). For example, a theoretical study must contain accurate material/information and attach 
sources of information in a theoretical study. It trains students in compiling reasoning about the 
principles/laws of knowledge. The seventh stage is the Double-Blind Peer Review. This stage provides an 
opportunity for each group to exchange information in the form of observational data. In addition, this 
stage can encourage students to assess the quality of a scientific argument, develop students' 
metacognition, and make students appreciate the importance of evidence and critical thinking (Indriyani 
et al., 2019; Trimahesri & Hardini, 2019; Wulandari, 2020). This step should be carried out in the eduflow 
virtual class. However, the practicum report for each group does not appear in each student's account. So 
the researchers got around this by displaying the practicum report of each group synchronously through 
Google meet. Furthermore, the representatives of each group provide suggestions/comments on the 
practicum reports of other groups. 

The eighth stage is the revision of the report. If there are improvements, submit the practicum 
report to the teacher via Google Drive. Only two groups experienced improvement among seven groups. 
Improvements were found in the discussion section; groups 2 and 5 did not provide clear evidence and 
were lacking in correlating data with applicable theory. This revision improves writing skills, makes 
excuses, and understands concepts (Probosari et al., 2016; Sampson et al., 2011). The quality of students' 
scientific argumentation was analyzed using Osborne's analytical framework, which classifies the level of 
scientific argumentation consisting of the first to fifth levels. A scientific argument needs to be analyzed to 
know the improvement and quality of scientific argumentation. It determines the quality of a student's 
scientific argument using an analytical framework. It aims to determine the mastery of the scientific 
argumentation skills of students. Previous research also stated that the argumentation session stage aims 
to enable students to have critical thinking skills when reviewing an argument, process or method, and 
the basis of a theory (Kua, 2018; Probosari et al., 2016; Suraya et al., 2019). Therefore, the argumentation 
session can assist students in reviewing the social aspects of a scientific argument with evidence or data 
and applicable knowledge. The third level is a scientific argument because it has a rebuttal, but the 
refutation is weak. The students did not explain what caused the difference in the composition of the 
waste to affect the voltage and electric current, so the rebuttal was said to be weak. Next is an example of 
a fourth-level scientific argument because the argument has given a claim that contains identifiable data, 
reasons, and rebuttals. 
 

4. CONCLUSION 

Acid-base material has very good criteria for task identification syntax, designing methods and 
collecting data, producing tentative arguments, and argumentation sessions. The syntax of report 
generation and report revision has good criteria, and explicit reflective discussion and double-blind peer 
review have poor criteria. There are differences in students' scientific argumentation skills after applying 
the Argument Driven Inquiry (ADI) learning model. Students are more active during learning and provide 
scientific arguments according to the components of a good scientific argument. 
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