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Abstract: Argumentation skills was needed to address the problems related to scientific issues that occur in 

every aspect of the lives of today's society, which requires individuals and communities to have the ability to 

think, make decisions, ethical considerations and assessing a claim that appears either through the press or 

media the other based on the evidence that is valid and reliable. It takes self-efficacy in the implementation of 

argumentation skills. Self-efficacy is important because it can affect cognition, motivation, affective processes 

and ultimately the behavior of individuals. Innovation chemistry learning was need to master the skills argue 

and self-efficacy. Innovations have been made by researchers to have developed an innovative chemistry 

learning model that can integrate argumentation skills and self-efficacy. Innovative chemistry e learning model 

that has been developed is expected to be an alternative solution to improve the argumentation skills and self-

efficacy chemistry teacher students. 
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I. Introduction 
Agenda of the 21

st
 century recognizes that education is fundamental to achieving sustainable 

development goals. Education has been in the implementation of sustainable development as an effective 

instrument for communication, information, awareness, learning and mobilizing the masses/communities, and to 

mobilize the nation to a future life that grows more sustainable (more sustainably developed) 
[1,2]

. Students and 

graduates should have been able to communicate, creativity, critical thinking, and collaboration 
[3]

. Partnership 

for 21
st
 Century Skills has also stressed that in order to succeed in college, career and life, in addition to mastery 

of academic content, also needed skills such as communication skills, technology literacy, collaboration and 

critical thinking skills. Critical thinking skills that have been referring to the 21
st 

century skills are the skills to 

analyze and evaluate the evidence/data, arguments, claims and beliefs 
[4]

.The ability to argue has become one of 

the competencies needed because of the argumentation can develop critical thinking skills 
[5]

. Osborne et al 
[6]

 

have found that the ability to argue is needed to address issues related to scientific issues that occur in every 

aspect of the lives of today's society, which requires individuals and communities to have the ability to think, 

make decisions, ethical considerations and assessing a claim that arise both through the press and other media 

based on the evidence that is valid and reliable. Besides argumentation skills also been able to improve the 

performance and results of student science learning 
[7,8]

. The argumentation skills is the discourse of behavioral 

science is very important in the process of science and should be taught and learned in science classes as part of 

the inquiry and scientific literacy 
[9-11]

.The importance of argumentation skills in science education have also 

been reported in many studies 
[9, 12-14]

. 

The results of PISA have concluded that students Indonesia has no scientific reasoning ability and 

ability to construct explanations based on evidence and arguments using critical analysis 
[15,16]

. Low reasoning 

ability of students allegedly linked to the learning process that has not been fully argumentation skills. Driver et 

al. 
[17]

 have identified one of the key obstacles to learning in the classroom argue is the lack of pedagogical skills 

of teachers in organizing argumentative discourse in the classroom and this can have consequences lack of 

opportunities given to students to practice argue in class. Some research has shown that teachers do not 

understand the basics of epistemological arguments and they have the knowledge and pedagogical skills were 

limited, especially in designing learning activities to support the effective engagement of argumentation skills 

for their students 
[18-21]

. Several previous studies have also shown they lack the ability to argumentation skills 

teacher student 
[22-27]

. Learning that has involved the argumentation skills is a challenge for the student, the 

student must have fought in this process as well as their confidence in their belief 
[28]

. Belief in the entire 

capabilities includes confidence, adaptability, cognitive capacity, intelligence and capacity to act in stressful 

situations. Self-efficacy is needed in the implementation of arguing skills. Self-efficacy is important because it 

can affect cognition, motivation, affective processes and in the end that person's behavior 
[21, 29, 30]

. Jerald 
[31]

 has 

revealed that teachers who have high self-efficacy tend to have shown a higher level in terms of planning and 

organizing, more open to new ideas, and more willing to experiment with new methods in order to meet the 

needs of students. Several previous studies have supported the importance of the concept of self-efficacy in 
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relation to the performance of students, academic achievement, attitude towards the chemistry, problem solving 

skills and communication skills 
[21, 32-35]

. Preliminary studies in Graduate Program of Chemistry Education in 

Mulawarman University, has shown that in general self-efficacy chemistry student teachers to study of organic 

chemistry is quite. 46.82% of the students who believe they always succeed in learning organic chemistry, while 

53.18% are still unsure of his ability in learning organic chemistry; they sometimes feel stressed and nervous 

when following study organic chemistry. It has shown the importance of self-efficacy of students in the learning 

of chemistry in college. Self-efficacy can have an impact not only on the diligence of students in basic chemistry 

lectures but also later in life for their perseverance in following the course further. Concerns about the weakness 

of the argumentation skills can be offset by Argument-Driven Inquiry (ADI) model. Model ADI has been 

widely applied to develop both the argumentation skills argue and the quality of the argument 
[36-42]

. However, in 

the implementation of this ADI learning model has some weaknesses 
[43-46].

 

Based on the above it is known that when a teacher has not had a pedagogical knowledge and skills 

necessary to apply the lessons learned in class-based arguments, it will have consequences the lack of 

opportunity given to students to practice argumentation skills. An implementation argumentation skill in 

learning requires teachers who understand the process of argumentation and self-efficacy beliefs about the 

benefits of good argumentation in science learning. However, knowledge about the strategies that can improve 

the use of argumentation skills, knowledge pedagogical argumentation skills and self-efficacy of teachers to 

teach science through argumentation is still limited 
[21]

. Therefore, efforts to develop a model that can integrate 

argue skills and self-efficacy. This innovation is expected to be able to be an alternative solution to improve the 

argumentation skills and self-efficacy chemistry student teachers. 

 

II. Discussion 

A. Argumentation Skills 

Argumentation is an important discourse in the process of science, and therefore must be implemented 

in science classes 
[10,11]

. Scientific arguments are based around a particular claim or statement, which is justified 

by the conjunction with supporting evidence or data 
[47]

. The argumentation is the reasoning strategies that are in 

the domain of informal reasoning and critical thinking 
[10]

. Sampson and Clark 
[8]

distinguish between 

argumentation and arguments by using the 'argumentation' means data used by students to articulate and justify 

the claims or conclusions and 'argument' to describe the process as a whole. Therefore, the argumentation in 

scientific topics can be defined as the relationship between claims and data through a justification or evaluation 

of knowledge claims in evidence, either empirical or theoretical 
[9]

. Based on the definition of the argumentation 

and the argument that have been described can be concluded that the argumentation is an idea or a conclusion 

based on reasoning and supported by evidence, while the argument is the process of reasoning in arguing. 

Eduran et al. 
[48]

 have argued that the study framework of the argumentation associated with the sociocultural 

perspective of learning and thinking processes. The development of higher level thinking processes shaped by 

social media activity of language, thus the argumentation is a discourse that must be introduced to students and 

are taught explicitly through appropriate learning. 

Argumentation theory has emerged from the need to define the logic that occurs in everyday contexts. 

This need has been identified for most of the topics related to the logic of the argument are based on analytical 

which conclusions are drawn from a premise 
[49]

. Based argumentation learning engage learners in cognitive and 

social activities and processes have resulted in improved learning outcomes 
[50]

. Moreover, the argument has 

involved students in meaningful learning as it allows learners to give more justification on their understanding 
[19, 20]

.Based on cognitive view, to formulate an argument is a conceptual process to develop a conceptual 

understanding 
[51]

. Students need to develop some understanding and being able to argue scientifically 

important. First, students have to be able to use an important conceptual structures (i.e., theories, models, and 

law or a combination of several concepts) and cognitive processes when reasoning about a problem. Second, 

students have had to know about science epistemic framework to develop and evaluate the claims. Third, 

students should be involved in argumentation scientific and social process of how knowledge is communicated, 

displayed, discussed and debated in science 
[52]

. There is a cognitive argumentation values in science education. 

According to the cognitive perspective, by far the argument involves the exercise of reasoning (Kuhn, 1992 and 

Billig, 1996) in 
[48]

. Externalizations by Vygotsky require a step of intra-psychological field, and rhetorical 

arguments, the argument between the psychological and dialogical. When children are involved in the process, 

and support each other in the argument of high quality, the interaction between the personal and social 

dimensions of increasing reflexivity, the development of knowledge, beliefs and values 
[48]

. 

A view on cognitive learning theory has focused on changing the thinking involved in learning. This 

theory has emphasized the mental processes that underlie the processing of new information, such as attention to 

the explanation, interpreting graphs, or related new concepts to prior knowledge. Because of this emphasis, 

cognitive theory has defined learning as a relatively enduring change in mental structures that occur as a result 

of the interaction of individuals with the environment 
[53]

.The involvement of argumentation in science learning 
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have can also be studied from constructivist learning theory. The essence of the idea of constructivism is active 

students build their knowledge of their personal experiences with others and the environment 
[53]

. The individual 

constructivism has known as cognitive constructivism Piaget. Individual constructivism focus on how 

individuals construct knowledge in his mind. This theory supports learning by inductive approaches such as 

inquiry-based learning. In this method, the teacher asks the students to answer a question or a problem, 

formulate hypotheses, and collect data to test hypotheses, draw conclusions, and reflect on the question and their 

thought processes, while social constructivist theory emphasizes the social context of the rules in building 

knowledge. Learners divide individual perspectives with others to build a common understanding that not be 

done alone. Social constructivism is largely based on the work of Vygotsky. Vygotsky's theory of 

constructivism is also known as the theory of social culture. Vygotsky not only insists on rules that facilitate 

social interaction in cognitive development of learners but also consider the situation of learning in the culture 

of the learners. This is because the learners bring experience, values and knowledge of different social 

constructivists believes that each student will build knowledge that is different from the material the same 

instructions. Characteristics of social constructivist learning is to use realistic problems, emphasizing multiple 

perspectives, and help scaffolding through the nearest development zone (zone of proximal development) 
[53]

. 

Vygotsky idea of proximal development zone (zone of proximal development) states that learners are helped to 

lead to higher levels of performance through support from friends or from the teacher. At first, what do the 

students depend on teachers, but increasingly independent after mastering the task of learning and gain control 

over the new functionality. The task of the lecturer is to provide an environment and conditions that allow 

students to learn to master new skills and learn new things. 

Results of previous studies have revealed that the argumentation is the discourse of behavioral science 

is very important in the process of science and should be taught and learned in science classes as part of the 

inquiry and scientific literacy 
[9-11]

. The argumentation has been can be described as a discourse where 

knowledge claims individually and collaboratively constructed and evaluated by empirical evidence or 

theoretical 
[9]

. Argumentation is part of a behavioral decision and defends it, influencing others according to data 

accompanied by rationalization 
[54]

. The decision could be the answer to a problem or a conviction finding
[55]

. 

An argumentation also means building a socio-cultural activity through the presentation, interpretation, 

criticism, and revisions to an argument 
[56]

. Class content has combined science with explicit instructions 

argumentation can produce a high quality of students who follow those instructions, other findings have also 

shown that prior knowledge influences the content knowledge that is used to support student argument 
[57]

. 

 

B. Self-Efficacy 

The theory of self-efficacy is based on Bandura’s social cognitive theory. Bandura defines self-efficacy 

as consideration a person's ability to organize and carry out the actions necessary to achieve a particular feat. 

Self-efficacy is not the common belief about himself but rather specific beliefs that lead to a particular task. 

Self-efficacy has been can be seen as one's perception of her ability to organize and carry out actions in specific 

situations. Self-efficacy has been appointed to the belief in his ability to drive motivation, cognitive resources 

and a series of actions required to cope with the demands of the situation. According to Bandura 
[58, 59]

 self-

efficacy can be obtained, modified, upgraded, or downgraded by one or a combination of four sources: mastery 

experiences, vicarious experiences, verbal persuasion, and affective state.  

Several previous studies have examined the factors that have been able to increase self-efficacy beliefs 

of students and its relationship with the four sources 
[60, 61]

. The study revealed that a constructive classroom 

environment as Problem Based Learning (PBL) is a major contributor to increasing self-efficacy. PBL learning 

environment has the potential to encourage self-efficacy because students set their goal and develop a realistic 

plan to achieve goals 
[62]

.Bandura's social cognitive theory assumes that the very aim (purposeful), goal-directed 

being, which can mainly be motivated by their belief of self-efficacy and outcome expectations (outcome 

expectations) derived from their actions in a particular social context. Bandura identified three key processes in 

the personal factors that have a significant impact on humanitarian agencies. The three key processes are (a) 

self-efficacy beliefs, (b) expectation of results, and (c) self-learning. Human actions are mediated largely 

through a process of self so that the social environmental factors influence each other, but only partially explain 

the behavior 
[63]

. Socio-cognitive theory focuses on learning is the result of observing others or to observe the 

consequences of other people's behavior. Various things can happen in a social context one has learned by 

observing and imitating the behavior of others 
[53]

. This research reveals a link between a person's self-efficacy 

beliefs by performing a specific task 
[21]

. A person's self-efficacy beliefs can affect cognition, motivation, 

affective processes and in the end that person's behavior 
[29]

. Collaborative processes within a learning model 

that provides explicit feedback to students about their performance is a source of efficacy that can promote the 

development of self-efficacy 
[64]

. 
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C. Innovative Chemistry Learning Model to Improve Argumentation Skills and Self-Efficacy 

Learning model that has been directed to regenerate argumentation skills have been applied in the 

learning process, including the Argument Driven Inquiry (ADI) model, but the implementation still has 

weaknesses; 1) Student group ADI has not performed better than students in the control group test conceptual 

understanding of key chemistry concepts, but they show a better performance on the use of reasoning and 

evidence. 2) Students of the control group had completed 11 of laboratory experiments, while the student group 

ADI only completed six investigations, 3) exposure to the investigation have been less likely to result in the 

mastery of science concepts fewer student group ADI 
[43, 44]

. 4) Students with low academic level in the group 

ADI were to have lower scores on a practice exam 
[46]

. Needed more time allocation has been to implement a 

model of learning in the laboratory ADI 
[40]

. Two phases of the ADI, namely the phase of peer review and report 

writing should have been done outside of school hours 
[40]

. 5) Implementation of the model ADI has been 

proven to improve the quality of arguments, but do not have to change the attitude of student teachers to the 

teaching of science 
[41]

, and 6) have facilitated individual skill argued orally through discussion and peer 

interactive discourse of argumentative writing is a difficult task to do without the direction of sustainable 
[45]

. 

Implementation of the argumentation skills in learning science has been in dire need of 

teachers/lecturers who are able to understand the process of argumentation and self-efficacy beliefs about the 

benefits of argumentation in science learning 
[65]

. Self-efficacy beliefs is important because it has been able to 

affect cognition, motivation, affective processes and in the end that person's behavior 
[21, 29, 30]

. During this self-

efficacy is obtained through indirect learning, as the effects are carried over from the impact of the learning undertaken. 

That requires a learning model as a guide in designing and implementing learning that can improve argumentation skills and 

self-efficacy. In order to meet the demand learning model that can integrate argue skills and self-efficacy, then developed a 

different model with a model of learning that has been there, because the characteristics that will be achieved is different 

from other learning outcomes. Each learning models deliberately designed to teach specific learning outcomes that 

are relevant and specific learning model in question 
[66]

. Learning model developed is designed primarily to 

develop the argumentation skills and self-efficacy chemistry student teachers.Learning models that have been 

developed to improve the weaknesses ADI models by reference to the source of self-efficacy. The development 

of this model is supported by the theoretical and empirical studies as well as observing the criteria of good 

learning model. Learning model that has been developed consists of six phases. Each phase of the learning 

model of equal importance in achieving the learning objectives designed so that the sixth phase related to each 

other. The first phase is to explain the objectives and identify chemistry issues. This phase is designed to be 

raised curiosity and interest of students to what will be studied and challenged to complete tasks proposed. 

Successes and failures can greatly affect a person's success, but sustained efforts towards a certain goal will help 

produce a “resilient sense of efficacy”
[67]

.The second phase is the argumentation skills based chemistry 

modeling graphic organizer. Students must understand the relationship between the questions, data, claims, 

warrants, backing and qualifications. For a graphic organizer that is designed to assist students in activities that 

argumentation. Graphic organizer has been able to provide space for any questions and steps associated with the 

process of argumentation 
[68]

. Schunk, Hanson and Cox in Sewell and St George 
[69]

 have shown that the use of 

peer models mastery and coping peer models are effective in improving student self-efficacy. Previous research 

has also shown that intervention in the form of modeling experience success and have a positive effect on self-

efficacy physics student teachers to teach science through argumentation 
[21]

. The third phase is the investigation 

of chemistry problems in small groups. The purpose of this phase is to give students the opportunity to learn 

how to design and conduct informative investigations, analyze the data and understand how science works. 

Science investigation activities can act as a catalyst for change in self-efficacy and student learning process 
[70]

.  

The fourth phase is the argument presented chemistry. This phase provides an environment in which 

students develop criticism, claims and their evidence in negotiations the whole class. The fifth phase is the 

transformation of the chemistry arguments in writing. The learning model is asking students to write because writing is 

an important aspect of scientific investigation. Writing improve personal construction of meaning to verbal symbols, which 

further increased the construction of scientific knowledge and the development of scientific literacy. Writing improve 

students' critical thinking skills and reasoning about the meaning of data [71]. Prat-Sala and Redford [29] states that self-

efficacy beliefs are strongly related to the ability to write an individual requires them to understand the components involved 

in the writing process. The sixth phase is to examine arguments based chemistry understanding and provide 

feedback. This phase is designed to encourage students to develop and use appropriate standards to determine 

what is the argumentation of quality. Lecturers should provide their students specific feedback on a regular basis 

with immediate in terms of their achievement, because it is an indication that they are making progress in their 

learning and can lead to their self-efficacy beliefs and ultimately improve academic achievement 
[72]

. Learning 

model developed is expected to be used to train and improve the argumentation skills and self-efficacy of 

students. Through argumentation skills in real life by applying knowledge of chemistry, students are expected to 

build understanding and more meaningful understanding of chemistry concepts as they form their own 

knowledge structure so that the chemistry concepts, is expected to increase self-efficacy students to enrich the 

learning experience and transfer knowledge. 
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III. Conclusion 

The innovative chemistry learning model as guidelines for faculty to design and implement learning 

that can improve and empowering potential of students through activities that argument can be used to teach the 

concept andself-efficacy of chemistry student. The chemistry innovative learning model is expected to be able to 

be an alternative solution to improve the argumentation skillsand self-efficacy chemistry teacher students. 

Suggestions for further research, this innovative learning chemistry model are merely theoretical, so it needs to 

be tested and implemented in the classroom to see the validity, practicality, and effectiveness. 
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