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1. Introduction 
Scientific education is one of the means to create qualify humans in terms of thinking and 

acting so that they are expected to have be able to serve a role as good community member. 
Through scientific education, students are expected to develop any necessary knowledge, thinking 
process and attitude in achieving national education objectives. Knowledge, thinking process and 
attitude owned by students are an accumulation of their educational experiences and process 
(Anderson, 2012).  

 There are several ways to develop science education, one of which is through argumentation 
skill towards socioscientific issues. The socioscientific issue is scientific concept and problem-based 
issue, controversy, public discussion greatly influenced by socio-politics (Sadler & Zeidler, 2005).   
Argumentation skill is one of the determinants for student success in playing their role in the 
community since it relates to one’s ability in the best decision making in facing problem solving 
(Erduran,, et. al., 2004). 

 Along with it, recently teachers are faced by limited time and many curriculum contents, so 
they lack to explore and develop student argumentation toward socioscientific issues. From results 
of review on case study conducted by the author on senior high school students’ argumentation skill 
in Bandung city on socioscientific issue context, it is obtained that there is still low mean of students’ 
argumentation skill, namely in level 1 and some in level 2. This achievement shows that new students 
have argumentation skill as simple claim versus reclaim or claim versus claim (Erduran, Simon, and 
Osborne, 2004). This result describes low level of students’ argumentation skill in reasoning so that 
they still deliver low argumentation in discussing socio scientific issues. Thus, it is necessary to 
develop the socioscientific issue and use it as meaningful learning experiences in scientific 
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education. Many argumentations are used as an important component in relating scientific education 
and its material content understanding (Cetin, Dogan, & Kutluca, 2014). 

In its application in the world of education, the socio-scientific issue has become important in 
science education since it serves a central role in scientific literacy process (Venville & Dawson, 
2010). Science literacy requires ability to discuss, interpret relevant evidence, and draw conclusions 
related to the socio-scientific issues. As expressed by Driver, et. al. (2000), putting socio-scientific 
issues in the learning process is important in order to produce a responsible society which is able to 
apply scientific knowledge, and have thinking ability. 

Sociocultural perspectives describe individual condition and how their behavior is influenced 
by special factors in surrounding socio-cultural environment. A personal development study is not 
only on the individual or on the environment aspect, but also on the social and cultural context 
(Hasnunidah & Susilo, 2014). Vygotsky (1978) with his sociocultural theory stated that students 
acquire various knowledge and skills through interaction with their social environment. Thus, 
constructing knowledge is a social process involving communities in their environment. Rogof (1993) 
believes that argumentation activities are part of a social process to develop scientific discourse in 
learning Science. 

It is necessary to pay attention to the development of argumentation activities in the Science 
learning environment, especially in facing current globalization era. According to Lemke (1990) it is 
necessary for students to be given opportunity to be actively involved in arguments in order to use 
scientific language or communicate scientifically. This is consistent with the UN consensus that 
science education in the 21st century must be able to build knowledgeable communities through ICT 
and media literacy skills, critical thinking skills, problem solving skills, effective communication skills, 
and collaborative skills (Kusnandar, 2008). Argumentation is also an important tool for teaching 
critical thinking (Marttunen, 1994). Critical thinking skills are very essential in socializing today, 
especially in a sociocultural perspective. 

 
 

2. Methods 
The method used is the literature study method. The study of books, literature, and scientific 

articles is conducted to enrich the study of argumentation skills. Secondary data from various results 
of research or experiments is a type of data which is then synthesized to create a unity in providing 
information. This research method is divided into two main parts, namely the search and sorting 
phase and the data analysis stage. This research is limited to the topic of argumentation and 
reasoning. Then further review of this topic refers to empirical findings. The first step is to search 
and sort electronic databases using key words argumentation and reasoning skills. This electronic 
database is used as a reference for research obtained from Wiley, Proquest, ERIC and 
researchgates. 

The next stage is the data analysis stage. Where the database has been collected and sorted 
and then analyzed according to the purpose of writing this literature review. Each article is read, 
analyzed and summarized by paraphrasing the research method, results and/or discussion 
according to the needs of writing this literature review study. This is done repeatedly for all databases 
that have been owned and according to the topic of this research topic. 

 
 
3. Result and Discussion 

Argument is an explanation on a solution related to claim substance, data, evidences and 
supports serving contribution in argument content, meanwhile argumentation relates to process to 
obtain and compile the components (Duschl & Osborne, 2002).  There are many experts define 
argumentation, among others are Stephen Toulmin, Edward S. Inch, and Watson. These three 
experts basically define argumentation as a discourse express by a person for the sake of ensuring 
and proving truth of the proposed discourse. Argumentation is a form of communication to 
externalize the reasoning through a series of scientific discourse as a very important process in the 
learning process (Hasnunidah & Susilo, 2014).  

Reasoning comes from the word reason, literally means as reason. Then, reasoning or to 
reason is to give or think reasons. Reasoning from theoretical aspect can be defined as a logical and 
systematic thinking process to create and evaluate a belief on a statement of assertion. The main 
function of reasoning is argumentative: Reasoning has evolved and persisted mainly because it 
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makes human communication more effective and advantageous. As most evolutionary hypotheses, 
this claim runs the risk of being perceived as another "just so story." It is therefore crucial to show 
that it entails falsifiable predictions. If the main function of reasoning is indeed argumentative, then 
it should exhibit as signature effects strengths and weaknesses related to the relative importance of 
this function compared to other potential functions of reasoning (Mercier & Sperber, 2011).  

Judging from the theory definition, there are 3 components forming the reasoning, namely, 
assertions, beliefs, and arguments. Assertion is an affirmation of something or reality expressed in 
the form of sentences or expressions. This assertion must be quantified to limit universal / general 
assertions so that it can be specific and determine inclusion, exclusion, mutually-related 
relationships. Assertion is input from reasoning. Arguments are processes of reasoning, namely the 
process of interfering existing statements. Then, belief on valid conclusion statement is output of 
reasoning. Argument is a series of assertions along with inference or conclusion, as an important 
point in reasoning. This argument is a rational proof of a statement validity. Meaning, arguments 
function to maintain, form, or change beliefs. 

Critical reasoning can be obtained and illustrated by drawing conclusions through skeptical 
intelligence by thinking, assumptions, and evidences obtained from the individual or from others. 
Learners can re-learn any arguments they make through their skepptic thinking so that they can 
improve their thinking about their arguments (Barnet & Bedau, 2011). 

Reasoning skill plays an important role in educational implications. Very high level of reasoning 
skills are needed not only in making decisions and solving problems. High scientific reasoning will 
influence on students' ability to solve problems. It is necessary for emphasis to train students’ 
reasoning skills (Ding, 2014) and problem solving skills (PISA, 2013). 

As a consequence of the decision-making process, arguments and arguments play an 
important role in informal reasoning (Means & Voss, 1996) and argumentation is an external 
expression of informal reasoning (Sadler & Zeidler, 2005). Kuhn (1991) defined arguments as a 
statement with justification, Means and Voss (1996) describe arguments as 'conclusions supported 
by at least one reason Means and Voss (1996) continue to claim that informal reasoning is a rather 
fuzzy construct, informal reasoning is a skill in giving arguments. Therefore, argumentation skills are 
used when scientific students share with others about their scientific knowledge in the form of 
dialogical discourse in decision making about sociosocial issues (Osborne, Erduran, & Simon, 2004). 
Then, Sampson & Clark (2008) distinguish arguments and argumentation by using the term of 
'argument' to describe students' reasoning result products in making and justifying claims; and the 
term of 'argumentation' to describe complex processes. 

Stephen Toulmin in 1985 provided a way to measure any patterns found in argumentation. 
The argumentation pattern was known as Toulmin’s Argumentation Pattern (TAP). The 
argumentation criteria given by Toulmin show eight important benefits of using argumentation, 
namely, clarity about any issues to be raised, clarity of argument main objectives, relevant basis to 
claims, basis used to support claims, applied warranty for discussion, warranty based by strong 
advocates, claim strength created from arguments, possible rebuttal for better understanding. 
Toulmin’s model applies not only to arguments, whose authors address verbalized reasoning to 
someone else, but also to solo verbal reasoning, in which reasoners draw conclusions for 
themselves from information at their disposal. I shall propose guidelines for such reasoning, from 
the perspective of someone about to engage in it rather than of someone critically evaluating it after 
the fact. Solo verbal reasoning as I understand it must have some verbal components (merely 
thought, spoken aloud, written, signed, etc.) but can have non-verbal (Hitchcock, 2005). 

This Toulmin model is not only applicable for written arguments, but is also widely used for 
single verbal reasoning, where speakers make conclusions based on any obtained information. 
Toulmin defines the argumentation component as reasoning from the data to create claims by using 
warrant following the evidence, taking into account the support for warrant and proposing 
qualifications and objections to claims. These argument components were initially developed by 
Toulmin in the fields of rhetoric and communication, but in its development, it was used in broader 
fields such as science (Bulgren, Ellis, & Marquis, 2014). 

Toulmin (2003) said that an argument is obtained from a series of interrelated sentences and 
based on a statement that is believed for its truth, namely claim (C), with data (D) that has been 
tested, and related via warrant (W) and reinforced with backings (B). Arguments are challenged in 
rebuttals (R), or counter-arguments that present contrary facts to data, warrant or backings, thus 
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proving that the statement is true. Qualifiers (Q) show conclusion strength and its application and 
validity. Visually, the Toulmin argument cycle steps can be seen in figure 1 below: 

 

 
Figure 1. Toulmin Argument Pattern (TAP) (Toulmin, 1984) 

1. Claim 
 Each argument has a purpose, namely to establish a claim (conclusion or thesis). A claim is 

a disputed/debatable statement - a rhetorical idea (namely a speaker or writer) asks other person to 
accept. Or it is also called as a debatable statement. Three types of persuasive claims: (1) the fact 
claim confirms that something is true or not true; (2) value claims confirm that something is good or 
bad, less or more desirable, and (3) policy claims confirm that one action is superior to another. 
Examples of claims can be seen as follows: ‘I think we should have universal health care'. A claim 
expresses a specific position to a controversial and dubious problem, the claimant certainly wants 
the audience to accept the claim. When other parties or opponents reject the stated claims 
(especially complex claims), it is very useful to reject the claim by identifying created claims. A good 
claim debate is debatable claims so that there will be various supporting data and warrants. 

 
2. Ground/Data 

Arguments that have been disclosed or that have been thought will require evidence, reason, 
or referred to as ground (basis/data) as a basis for claims. The premises are the ground of the 
deductive argument, while the evidence is ground of the inductive argument. An example that can 
be taken is observation or an experiment that can make a possible or allowable claim. 

Not every claim can be supported by various grounds, since not all grounds provide good 
support for every claim. The following are examples that can be given regarding ground (Barnet & 
Bedau, 2011): 
a. I can count all women and men. Let's just say the number is all 50 people. If the number of 

women is 25 people and the number of men is 25, then I have been able to maintain the claim 
that I put forward. 

b. I can count at least 10 students, 5 of whom are female students. Thus I have obtained ground 
from the claim. 

c. I can show that students in a class at the university have the same number of men and women 
and claim that the class can represent an example for the entire university. 

 
Based on the example above it can be seen that ground 1 is stronger than ground 2, and 

ground 2 is stronger than ground 3. 
 

3. Warrant 
It is certainly necessary for a claim to offer evidence or reasons to support it, so the question 

will be "why do those reasons support this conclusion (claim)?". Warrants can help provide a basis 
for claim formation that connects ground / data and claims. Warrant is a general rule to identify 
relationship of a claim with data. Warrants can be implicit or explicit, but in any case, warrant is not 
the same as the presidential (rationale) in other words, warrants are rules for giving inference 
licenses. Toulmin stated that warrant consists of a range of specific texts that are directly related to 
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created arguments. One important point made by Toulmin is that warrant is a type of inference 
(conclusion) rule and particularly, it is not a statement of fact. 

 
4. Backing 

Explaining backing or support or explanation in supporting warran so that it can explain on 
ground / data relationship to claims is indeed not easy. A distinctive feature of support is the word 
'because' in an argument sentence. Support strengthens any given warran, Toulmin stated that 
difference between backing and data is that backing can be categorized as a statement in the form 
of fact, similar to data / ground, whereas warran is a generalization (Toulmin, 2003). Backing can 
also be used as required evidence in study collection. 

 
5. Qualifier 

The previous four patterns in argumentation can be categorized as follows: claim (maintainable 
conclusions), ground or data (explicitly visible reasons), warrant (principle that connects ground to 
claim), and backing (implicit assumptions). All such propositions have a qualifier modality to show 
the scope and character that is believed to be true. Are these claims, for example, believed to be 
necessary - or just might be necessary? Are these claims believed to be reasonable-or might they 
make sense? Out of both reasons for claiming, they may be good, but they may be better than 
others. Showing modalities with a proposed statement is very important for argument or rejection of 
any argument. 

Empirical generalizations usually depend on a variety of factors, and it is important to show 
such contingencies to protect the public from real examples. So, consider this empirical 
generalization: qualifiers are also called affirmations or conditions, which have varying scope that 
are as important as other parts of Toulmin's argumentation pattern. Quantifiers can be represented 
by words: only, rarely, often, sometimes, perhaps, usually, more or less, regularly, sometimes. 

 
6. Rebuttal 

Rebuttal or also called as counterclaim also referred to as a rebuttal to a claim. This rebuttal 
is the opposite of the claim expressed by someone. Rebuttal can be stated by people who claim to 
be able to corroborate claims. 

It is necessaty to pay attention to the development of argumentation activities in the Science 
learning environment, especially in facing current globalization era. According to Lemke (1990), it is 
necessary for students to be given opportunity to be actively involved in arguments in order to use 
scientific language or communicate scientifically. This is consistent with the UN consensus that 
science education in the 21st century must be able to build knowledgeable communities through ICT 
and media literacy skills, critical thinking skills, problem solving skills, effective communication skills, 
and collaborative skills (Kusnandar, 2008). Argumentation is also an important tool for teaching 
critical thinking (Marttunen, 1994). Critical thinking skills are very essential in socializing today, 
especially in a sociocultural perspective 

The argumentation skills in science learning, especially biology at schools can be related to 
biological concepts with controversial characteristics; this can lead to debate in the public domain 
and sometimes influence on public political and social conditions (Sadler & Zeidler, 2005). Any 
problems involving social aspects and are related to the application of science principles and 
practices are called as socio-scientific issues (Sadler & Fowler, 2006). Socio-scientific issues are 
seen as a good context to see quality of student argumentation skills because in the context of socio-
scientific issues, there are more than one scientific concept to explain the same phenomenon (Acar, 
et. al., 2010). socio-scientific issues are issues based on concepts or scientific problems, 
controversial in nature, a general conversation in society, and are often subject to political and social 
influences (Sadler & Zeidler, 2005). 

The reasoning mechanism can be measured by determining argumentation structure made by 
students based on data and knowledge about science material. Teachers often ignore this reasoning 
in measuring students’ learning success. Educators rarely conduct studies using arguments in 
measuring material understanding, so there will be no critical thinking processes (Bathgate, et al., 
2015). Therefore, building argumentation skills is in line with building students' reasoning. 

Students in Indonesia have a high sensitivity and curiosity towards the sociological issues in 
Indonesia. This was said by a teacher in second grade of senior high school in Bogor Indonesia, 
"when SARS (Severe Acute Repiratory Syndrome) outbreak hit Indonesia, the students asked to be 
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taught about this disease mechanism caused by a virus. But the student's request was neglected 
since the teacher had to obey applicable curriculum order at school. He could also only able to say, 
“In Class X (ten) you have learned it first. Please help yourself!” This experience may have been 
experienced by other teachers. Limitations of time and space are often the reason for teachers, even 
though in such information and communication technology era, as now, there should be no any these 
constraints (Herlanti, et. al., 2012). 

The problem above is just a case example of science learning in the classroom. Furthermore, 
in Indonesia, there are a lot of social issues in Biology learning. Some of which are themes of 
environmental problems, genetics, biotechnology, engineering products, and so on. These issues 
can be presented in Biology learning to build students' argumentation skills. Therefore, it is 
necessary for a study of the social issues to be developed in learning science, especially Biology. 
The examples of instruments in measuring argumentation skills in scientific sausage issues can be 
seen as follows: 

 
Examples of Instrument in Measuring Argumentation Pattern in Socio-Scientific Issues  

The following is the example of instruments to measure argumentation skills (Table 1) and 
instrument of argumentation quality rubric (Table 2) using framework Toulmin’s Argumentation 
Pattern (TAP). 

 
Table 1. Examples of instrument to measure argumentation complexity 

No. question  Socio-scientific issues  Details of question items  

1 Use of food preservatives 
used by farmers in 
vegetables and fruits that 
will be exported  
 
 

a. What do you think about the use of preservatives 
needed by farmers to export vegetables and fruit? 

b. Give reasons in the form of evidences to support 
your opinion regarding the use of preservatives 
needed by farmers to export vegetables and fruits! 

c. How do you convince others to agree with your 
opinion? 

2 Flavoring (MSG) content in 
junk food is preferred by 
children 
 
 

a. What do you think of mothers who give nuggets, 
sausages, or fried chicken on the food menu so their 
children want to eat? 

b. Give reasons in the form of evidences to support 
your opinion about mothers who provide nuggets, 
sausages, or fried chicken on their children's food 
menu so their children want to eat! 

c. How do you convince others to agree with your 
opinion? 

3 Use of food coloring used 
by cake sellers 
 

a. What do you think about addition of artificial coloring 
used by cake seller so that the cake is sold? 

b. Give a reason in the form of evidences to support 
your opinion on addition of artificial coloring used by 
cake sellers so that the cake is sold! 

c. How do you convince others to agree with your 
opinion? 

4 Smoking habits in elderly 
 
 

a. What do you think about habits of some parents 
(more than 30 years old) who find it difficult to give 
up smoking? 

b. Give reasons in the form of evidences to support 
your opinion! 

c. How do you convince others to agree with your 
opinion? 
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Table 2. Example of argumentation quality measurement rubric  

Score  Reference  Answer examples 

0 No claim  I do not know / I do not have any idea about this issue 

1 Claim without wrong scientific 
justification  

Yes, it should be / not be conducted, it should not be 
conducted since the gen will be mixed with soil  

2 Claim with simple justification  Yes it should be conducted if it is beneficial since it will 
be not fair.  

3 Claim with one or more than 
detailed justification or counter -
argument 

No, since it can change natural balance to one of the 
gender in which this will cause to social divisions. 
However, sex determination can be reserved in case of 
a sexually transmitted disease so that inheritance in 
the next generation can be prevented. 

 

Example of Analysis Framework Used to Assess Argumentation Quality  
Erduran, Simon, and Osborne (2004) provide levels for argumentation quality assessment as 

follows: 
Level 1: consists of arguments which are simple claims versus re-claims or claims versus claims. 
Level 2:  arguments have arguments consisting of claims versus claims with data, warrant or backing 

but do not contain any objections. 
Level 3: arguments  have  arguments  with  a  series  of  claims  or  objections  with data, warrant or 

supporters with occasional weak arguments. 
Level 4: shows arguments with claims with clear disclaimers. Such an argument might have some 

claims and counter allegations too. 
Level 5: arguments display extended arguments with more than one argument. 
 

For example, in a study by Simon (2008) the use of the Toulmin Argument Pattern for 
evaluating arguments in science learning results is obtained the results in the form of example of 
leveling students' argumentation skills as shown in the following figure 2: 
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Figure 2. Analysis of Alice (Teacher) on Student’s Argumentation (Simon, 2008) 

 
 

In this case Alice (the teacher) is able to consider the argumentation complexity using a system 
level, which is claimed to help her to improve students' argumentation skills in the future by 
communicating evaluation of the quality criteria for argumentation (Figure 2). Even by its limitations, 
this research tool is used to compare the quality of student discourse by teachers as a means to 
develop an understanding of the argumentation quality. This study implication is that the use of the 
Toulmin Pattern as a methodological framework for analyzing argumentation skills can influence the 
practice of classroom learning for professional development of teachers who use this methodology. 
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4. Conclusion  

Science education can be developed, one of which is by the ability to argue towards 
sociocultural issues. The socio-scientific issues are scientific concept and problems -based issues, 
controversies, and public discussions that are greatly influenced by social politics. Arguments are 
reasoning processes, namely interfering process with existing statements. Then, belief that the 
conclusion statement is valid can be seen as output from reasoning. To evaluate the argumentation 
skills in science learning, it is used the Toulmin Argumentation Pattern obtained by leveling students' 
argumentation skills. 
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