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Abstract: This study aims to determine the practice of argumentation to increase the 
knowledge and competence of acid-base material for prospective chemistry teacher 
students. This study uses a quantitative approach with a quasi-experimental method. 
The design of this research is the pretest posttest group. The sample in this study were 
54 students of chemistry education at UIN Sunan Kalijaga Yogyakarta who were taking 
basic chemistry courses. Meanwhile, the knowledge instrument is in the form of a 
multiple-choice test, while the competency instrument is a test in the form of a 
description. The data analysis technique in this study was carried out statistically 
inferential (analysis of independent sample t-test). The results of the study show 
thaththere is a significant difference between the pretest and posttest values in the 
knowledge domain with t value is -5.508 and probability value paired t test is 0.00 (p 
value < 0.05). In addition, the mean is -4.167 (negative value) indicates that there is a 
tendency to increase knowledge significantly. There is also a significant difference 
between the pretest and posttest values of the competency domain with t value is -8.686 
and probability value paired t test is 0.00 (p value < 0.05). In addition, the mean is -3,796 
(negative value) indicates that there is a tendency to significantly increase the value of 
the competency dimension.  
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Introduction  
 

Currently, science and technology are developing 
so rapidly. Thus, the education sector faces increasingly 
severe challenges, particularly in producing skilled 
human resources capable of facing the challenges of life 
in the 21st century. Therefore, students must be 
equipped with various skills to be able to face the 
challenges of the 21st century and be able to compete in 
the era of globalization (Yustin & Wiyarsi, 2019). 
Students can also adapt to the increasingly rapid 
technological developments (ÇEVİK et al., 2017). One of 
the skills needed by students is chemical literacy. 

Chemical literacy is one of the important elements 
that must be developed in education (Sumarni et al., 
2017). Chemical literacy is closely related to scientific 

literacy because chemistry is one of the branches of 
science, which also has educational goals that are in line 
with science, namely that a chemically literate society 
can later form a scientific literate society (Thummathong 
& Thathong, 2018). In addition, it should also be 
understood that chemistry is one of the most important 
branches of science (Thummathong & Thathong, 2016). 
Chemistry is also a “gateway” to science, technology, 
engineering, and mathematics (Woodard et al., 2019). 

According to Shwartz et al. (2006), chemical literacy 
consists of four aspects, namely the content of chemical 
knowledge, chemistry in context, high older learning 
skills (HOLS), and affective aspects. Content knowledge 
of chemistry means understanding general chemical 
ideas and characteristics (key ideas) of chemistry. 
Chemistry in context means using knowledge of 
chemistry to explain everyday phenomena, make 
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effective decisions, provide social arguments for 
chemistry problems, and examine the relationship 
between innovations in chemistry and sociology. High-
level learning skills (HOLS) means asking questions, 
seeking information, and evaluating the pros/cons of a 
particular problem. The affective aspect means having a 
chemical perspective and showing interest in the field of 
chemistry, which aims to acquire technical and scientific 
knowledge to support scientific investigations. 

Chemical literacy not only makes students more 
critical and creative, but also helps them to solve many 
everyday problems based on their knowledge (Wiyarsi 
et al., 2020). Chemical literacy is also a target subject that 
must be reformed in education (Thummathong & 
Thathong, 2018). In addition, as part of science 
education, chemistry education has also undergone 
changes by placing chemical literacy as the main goal of 
chemistry education (Muntholib et al., 2020). 

Students who have good chemical literacy skills are 
able to apply aspects of chemical literacy skills, 
including the ability to explain events in everyday life in 
chemical concepts; the ability to solve problems in 
everyday life by using an understanding of chemistry; 
and the ability to understand and apply chemical 
applications in everyday life (Fahmina et al., 2019). 

Unfortunately, based on the research results, it is 
known that students' chemical literacy skills are still 
relatively low. This shows that the achievement of 
learning chemistry is also low. Therefore, an educational 
practice is needed that can improve students' chemical 
literacy skills (Sari et al., 2017). 

To improve students' chemical literacy skills, 
teachers do not only teach chemistry in class or increase 
activities in the laboratory. In this case, it is necessary to 
emphasize the importance of "mind" activities rather 
than just making use of "direct" activities (Cigdemoglu 
et al., 2017). The "mind" activity referred to here is the 
practice of argumentation. 

Ontologically, argumentation is a scientific skill 
that connects facts and concepts. Epistemologically, 
argumentation is a skill that compares theories 
(rationally) by providing explanations accompanied by 
logical data (empirically). Meanwhile, axiological 
argumentation is a skill that is developed for the benefit 
of living things with a comprehensive understanding of 
scientific concepts (Farawansyah & Suyono, 2021). 
Argumentation is positively correlated with learning 
outcomes, learning motivation, and student satisfaction 
(Bekiari & Balla, 2017). 

Meanwhile, scientific argumentation is the ability to 
express ideas about scientific phenomena that need to be 
trained so that students can explain these phenomena 
based on evidence and relevant scientific concepts 
(Ginanjar et al., 2015). Scientific argumentation is also a 
decision-making process that is supported by valid 
justification and evidence (Ahmad and Ur Rahman, 

2018). Scientific argument plays a central role in the 
development, evaluation, and validation of scientific 
knowledge, and is an important practice in science that 
makes science different from others in terms of knowing 
something (Sampson et al., 2011). 

A large number of studies have investigated the 
impact of argumentation practice to improve students' 
understanding of scientific concepts, correct 
misconceptions about a concept, and prioritize thinking 
skills to improve students' chemical literacy. Mastery of 
concepts can be observed from the argumentation skills 
possessed by students (Manz, 2015). The low 
understanding of students' concepts shows that their 
argumentation skills are also low, and vice versa 
(Farawansyah & Suyono, 2021). As for what is meant by 
mastery of concepts here is the ability of students to 
repeat the explanations obtained during the learning 
process. 

Basically, students' argumentation skills are still at 
a low-medium level(Devi et al., 2018). This is because 
students only make claims without being accompanied 
by evidence and explanations connecting the claims and 
scientific evidence that have been submitted 
(Farawansyah & Suyono, 2021). In argumentation-based 
learning, scientific argumentation becomes the leading 
framework for teaching and learning concepts, 
emphasizing both science and chemistry not as 
experimental verification, but as a process of scientific 
argumentation and explanation. Currently, scientific 
argumentation is emphasized in science and chemistry 
education because of its ability to improve students' 
reasoning skills and mastery of students' knowledge 
(Heng et al., 2015). 

Argumentation engagement is not only a process 
that includes claims, evidence, and reasons, but also a 
process in which students convince others of the validity 
of the argument (Wolfson et al., 2014). The construction 
of scientific arguments involves cognitive aspects, such 
as analyzing and understanding the data, explaining the 
data appropriately, and the validity of the argument 
(Heng et al., 2014). 

PISA (OECD, 2017)proposes a science (chemistry) 
assessment model, which was developed to reveal the 
extent to which scientific literacy (chemistry) has 
increased. In this model, students take the context of 
everyday life involving science (chemistry) and 
technology as a starting point and create a learning 
environment in which students are able to make 
decisions or choices. In this process, students are 
required to be able to identify scientific problems, 
understand the underlying science, and use accurate 
evidence. Scientific knowledge and students' attitudes 
towards science affect their competence. 

Related to that, students also need to understand 
that the ability to argue is not obtained easily without 
continuous practice (Wardani et al., 2018). To develop 
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students' abilities in conveying arguments, of course, it 
cannot be separated from the teacher's role as a 
facilitator in the field of education (Suartha et al., 2020). 

The role of the teacher is very vital, which 
determines the success of students. The success of 
students in learning is largely determined by the ability 
of teachers in teaching. Therefore, a teacher must have 
strong chemical literacy skills, as well as other 
knowledge and skills to guide and direct students to 
have high chemical literacy (Sumarni et al., 2017). 

Argumentation ability can be supported by good 
initial and literacy skills to support students' cognitive 
processes. In fact, so far, the learning process that is 
usually done is limited to knowing. Thus, students learn 
a variety of sciences, but are less required to apply and 
reason about the knowledge gained from the learning 
process (Pudjantoro, 2015). Moreover, with his 
reasoning, students are not used to it, some even have 
never, sharpened their scientific argumentation skills. 
That is very rarely done by teachers in the learning 
process at school. In this case, the teacher only explores 
students' arguments as personal opinions, which do not 
demand evidence or support for other opinions(A. 
Rahman, 2020). 

The practice of argumentation contributes to the 
level of students' chemical literacy, so as to create a 
learning environment in which critical thinking skills are 
increasing (Cigdemoglu et al., 2017). Besides 
that,kCritical thinking and communication skills can 
also be packaged into a single unit in argumentation 
skills (Devi et al., 2018). 

Argumentation skills are skills in providing reasons 
to strengthen or reject a problem, which includes 
submitting claims, data, justification, and support. 
Claims are conjectures, explanations, conclusions, 
generalizable principles, or answers to research 
questions. Meanwhile, data are various components that 
are used as evidence that has been collected and 
analyzed. The justification is a statement that explains a 
data presented, which can support the claim submitted. 
Meanwhile, support is an additional expression made to 
support justification in the form of theories or facts that 
apply (Siswanto et al., 2014). 

Argumentation learning is a process of developing 
students' competencies so that they are able to 
understand concepts systematically through 
argumentation. During the learning process, students 
can be trained to make a simple argument to be able to 
present relevant data appropriately to answer the 
problem. In learning, argumentation can be a means to 
improve competence (Rahman, 2018). 

As one of the studies in chemistry, the concept of 
acid-base has wide applications in everyday life, 
especially household chemicals, acid rain, and industrial 
fields, all of which deserve to be studied and researched. 
A student who has a deep understanding of the concept 

of acid base allows him to explain the observed 
phenomena. Unfortunately, the results of the study 
revealed that many students had difficulty 
understanding the concept. However, there are those 
who believe that other students' skills can be fostered, 
including by intervening arguments against chemical 
literacy for prospective chemistry teacher students, who 
will later teach students about chemistry. In this study, 
the domain of chemical literacy that will be studied 
further is the knowledge and ability of chemistry, 
especially acid-base material. 

 
Method 
 

This study uses a quantitative approach with a 
quasi-experimental method or what is commonly called 
a quasi-experiment (Hastjarjo, 2019). The design of this 
research is the pretest posttest group. In this case, the 
pretest is given in the initial conditions (when the 
student has not been given treatment), while the posttest 
is given after the student is given treatment 
(Rohmatulloh & Winarni, 2015). 

In other words, the pretest was given to determine 
the initial condition of the prospective chemistry teacher 
students in the experimental group and the posttest to 
determine the final condition of the prospective 
chemistry teacher students in the experimental group. 
The learning used in the experimental class is in the form 
of argumentation practice. The design of this research 
can be seen in Table 1. 
 
Table 1. Research design 
Group Pretest Treatment Posttest 
Experiment O1, O2  X  O1, O2 
Information: 
O1 = chemistry knowledge test 
O2 = competency test 
X = argumentation practice 
 

This research was conducted at UIN Sunan Kalijaga 
Yogyakarta in the odd semester of the 2021/2022 
academic year. This research took place from October to 
December 2021. The sample of this study was 54 
students of chemistry education at UIN Sunan Kalijaga 
Yogyakarta who were taking basic chemistry courses. 
The technique used in this study to collect data is a test. 
The test is in the multiple-choice questions to measure 
chemical knowledge as well as description questions to 
measure competence before and after being taught acid-
base material with argumentation practice. The data 
analysis technique in this study was carried out 
statistically inferential (univariate analysis) independent 
sample t-testusing a significance level of 0.05. 
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Results and Discussion 
 

Here are the dataresultst test for 
domainknowledgeand the domain of competenceg 
hcurrents observed in this study: 
 
T-Test Results for Knowledge Domain 
Table 2. Paired Sample Statistics 
 

Mean N 
Std. 

Deviation 
Std. 

Error Mean 
Pretest 
Knowledge 

76.9444 54 9.58658 1.30457 

Posttest 
Knowledge 

81.1111 54 8.66933 1.17975 

 
The mean value of the knowledge domain pretest = 

76.94 with a standard deviation is 9.59. Meanwhile, the 
average value of the knowledge domain posttest is 81.11 
with a standard deviation is 8.97. If you look at the mean 
value of the pretest and posttest of the knowledge 
domain, there is an increase from before and after 
treatment. In addition, the correlation between the 
results of the pretest and posttest domain knowledge has 
a very strong and significant relationship, as evidenced 
in Table 3. 
 
Table 3. Paired Samples Correlations 
 N Correlation Sig. 
Pairs 1 Pretest Knowledge & 

Posttest Knowledge 
54 0.819 0.000 

 
There is also a significant difference between the 

pretest and posttest values of the knowledge domain 
which can be observed in Table 4. 

 
Table 4. Paired Samples Test 

 

Paired Differences t df Sig.(2-
tailed) mean Std. 

Deviation 
Pairs 
1 

Pretest & 
Posttests 
Know. 

-4.16667 5.55844 -5.508 53 0.000 

 
Based on Table 4, there is a significant difference 

between the pretest and posttest values of the 
knowledge domain with t value is -5.508 and probability 
value paired t test is 0.00 (p value < 0.05). 

In addition, the mean is -4.167 (negative value) 
indicates that there is a tendency to significantly increase 
the value of the knowledge domain. This is supported 
by research conducted by Cigdemoglu et al (2017) which 
explains an increase in the knowledge domain between 
pretest and posttest scores. 
 
 
 

 
T-Test Results for Competency Domain 
Table 5. Paired Samples Statistics 

 mean N 
Std. 

Deviation 
Std. Error 

Mean 
Pairs 
1 

Pretest 
Comp. 

76.2037 54 8.12260 1.10535 

Posttest 
Comp. 

80.000000 54 8.29867 1.12931 

 
The mean value of the competency domain pretest 

= 76,203 with a standard deviation = 8.12. Meanwhile, 
the average value of the competency domain posttest = 
80 with a standard deviation = 8.29. 

If you look at the mean values of the pretest and 
posttest domains of competence, there is an increase 
from before and after treatment. In addition, the 
correlation between the results of the pretest and 
posttest domain competencies has a very strong (0.924) 
and significant relationship, as evidenced in Table 6. 
 
Table 6. Paired Samples Correlations 
 N Correlation Sig. 
Pairs 1 Pretes t Competence & 

Posttest Competence 
54 0.924 0.0

00 
 

In addition, there is a significant difference between 
the pretest and posttest values of the competency 
domain which can be observed in Table 7. 
 
Table 7. Paired Samples Test 

 

Paired Differences 

T df 
Sig.(2-
tailed) mean 

Std. 
Deviation 

Pairs 
1 

Pretest& 
Posttest 
Comp. 

-3.79630 3.21189 -8,686 53 .000 

 
Based on Table 7, there is a significant difference 

between the pretest and posttest values for the 
competency domain with a t value is -8.686 and a 
probability value for the paired t test is 0.00 (p value < 
0.05). In addition, the mean is -3,796 (negative value) 
indicates that there is a tendency to significantly increase 
the value of the competency domain. This is supported 
by research conducted by Cigdemoglu et al (2017) which 
explains the occurrence of an increase in the competence 
domain between pretest and posttest scores. 
 
Conclusion 
 

Based on the results of the analysis and discussion, 
it can be concluded that the practice of argumentation 
has an effect on increasing knowledge and 
understanding of acids and bases. This supports the 
skills of prospective chemistry teacher students in 
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transferring their knowledge to other concepts, so that 
their overall competence is increasing. 
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