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1. INTRODUCTION

Scientific argumentation skill has been developed in the field of science education. This is a form of
acquiring knowledge about the role of communication in science and scientific knowledge [1]. According to
Scarmadalia [2], said that the development of expertise supported by students in dialogue and continuous
discourse to increase support in the community. In this discussion, students must engage in discussions to
support their claims and in conversation to debate like scientists.

Argumentation skill is essential for students because it can build explanations as a basis. Conceptual
knowledge of students is better developed in the context of argument-based learning [3]. The results of
the study [4] showed that students who received the teaching of argumentation outperformed their peers who
received traditional participation with punishment skills. Scientific arguments are fundamental in learning.
According to [5] science conversation consists of four interrelated aspects: 1) students can discuss scientific
explanations to solve problems about world of science; 2) students can produce and discuss scientific reason
and arguments; 3) Students can know and describe the nature of science and how to develop knowledge;
4) students who are able to understand the concepts and can argue in scientific practice.
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Scientific arguments are exciting in education. According to Mirza and Perret-Clermont [6] the case
for explorative, critical and questioning is about scientific exploration challenges. He added, the evidence of
the invited students to use and dispute the rules of punishment used in scientific work: students look
for reasons, discuss the data, examine alternative hypotheses, and others discuss specific thoughts. In science,
the relationship between evidence and claims were extracted by the argumentation as a form of logical
discourse [7].

Hsu, Chiu, Lin, and Wang [7] said arguments relevant in the context of education because this helps
learners extract the relationship between changing, changing Reviews their conceptions, and allowing claims.
According to [7], not only science educator believe the skill as a scientific practice that must learn by
students, but argumentation also building the explanation from the students. There are two playing keys to
involving students in scientific argumentation [8]. First, argumentation is the primary practice of science, and
as such must become the focus and centre of science education. Second, discuss the norms of this skill, can
lead students to understand the theory of epistemology foundations of scientific practice.

The ability to communicate cannot be separated from the quality of the arguments presented.
Thus, the strength of scientific argumentation becomes very important in learning physics. However,
Wardani et. al [9] found that students' scientific arguments are still able to Make claims but have not been
able to determine warrants. Students also cannot provide concepts that support claims correctly [10].
However, in Indonesia, there are not many researches on students' scientific argumentation skills. Some
existing research also has not shown the level of this skill. While it is imperative to understand student levels
so that it is known that efforts can be made to improve this ability. Therefore, this research aims to develop a
new level and test of scientific argumentation skill. The research question in this study are (1) what the
criteria for the level of scientific argumentation abilities of students are? (2) How about the feasibility of the
questions developed to measure students' scientific argumentation skills? (3) What is the level of technical
argumentation abilities of students in Indonesia?

The components in the argumentation skill according to [11] consist of five aspects accordingly,
1) Claim: claimed according to the wish submitted; 2) basis: reason is the approval needed to support and be
given upon request; 3) warrants: This shows the logical relationship between the claim and cause and
declaration of problems that are often implied in the argument. 4) Qualifications: Qualifiers are used to
communicate beyond where the claims are received; 5) rebuttal: These statements govern the potential to be
approved with a statement where the claim may not apply.

The components of scientific argumentation roommates Consist of five aspects: 1) a claim,
a statement or opinion about problem-solving; 2) the data, evidence or facts, data, evidence or facts that
support the truth of the claim; 3) warrants, claims to receive claims by linking the data, evidence or facts
made; 4) support, justification for warrants; and 5) rebuttal, rebuttal to warrants.

The scientific argumentation component according to [12] consists of five elements, 1) facts, facts
related to a particular context; 2) warrants, This is part of the argument that connects facts with claims that
meet the requirements, 3) Backing, it is a kind of justification for warrants. It explains and give guarantee
question as a reason to accept claims that meet the requirements; 4) rebuttal, rebuttal explains the
circumstances that will be considered as an exception to warrants; 5) claims that fulfil the conditions, claims
that qualify, conclusions that can be drawn, and the warranty is valid, and the rebuttal does not apply.

2. RESEARCH METHOD

The first stage in developing a scientific argumentation skills test is to define this skill and choose
what aspects will be needed. Based on the results of the literature review analysis, the proposed points are
based on the elements of scientific argumentation skills delivered by Osborne, Erduran, and Simon [13] as
shown in Table 1.

Table 1. Level of scientific argumentation skill

Level Description

1 Argumentation consists of arguments that are a simple claim vs counterclaim or a claim vs claim

2 Argumentation has cases comprising claims with either the data, warrants or backings but does not contain any
rebuttals

3 Argumentation has discussion with a series of claims or counterclaims with either the data, warrants or backings
with the occasional weak rebuttal.

4 Argumentation shows arguments with a claim identifiable with a rebuttal. Such an argument may have Several
claims and counterclaims as well, but this is not Necessary

5 Argumentation displays an extended argument with more than one rebuttal
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2.1. Model of research

There are 195 students of class Xl science at Islamic State School 1 (MAN 1) Yogyakarta as
participant in this study (Table 2 shows the characteristic of Students). Random sampling technique was used
from the three schools of Islamis State School (MAN) in Yogyakarta (MAN 1, MAN 2 and MAN 3).
We choosed class XI because the topic of Gravitational Newtons’Law is in this class on Indonesia
Curriculum. For the first phase, there are seven experts (3 Professor, 2 teachers, and 2 graduate students)
reviewed 14 items. For the second phase, after revised the items, we asked the 98 students to answered 14
questions which each questions contain five point (claim, data, backing, warrant and rebuttal). We analysed
their answer to get data of reliability, validity, and difficulty items. For the third phase, after choosed the best
five 5 questions, We asked the others (97 students) to answer those questions. We used this result to
investigate the level of student’scientific argumentation skill.

Table 2. Charateristic of students
Aspect Descriptions
Ages 16 — 17 years
Formal operational stage
When the teacher provides learning, and contextually connects the problem some students can answer the
Level of Cognitive ~ question well. Students are able to think about an object or thing even though it is not in front of them.
Development During the learning and discussion process, students are also able to examine the problem and draw
conclusions. So that at this stage students can learn coherently and systematically until they are able to
generalize a concept.
Students are able to work together in solving problems. During the learning process they actively
exchange ideas and are willing to present their arguments in front of the class (the ability to work together
and communicate) well. However, based on interviews with teachers, the academic skills of many
students are below average.

Academic skills

2.2. Item reliability

Item reliability and validity data were obtained from the results of the students when administrated
the second phase. Analysis of Reliability test in this study using the Quest software. The reliability test is
determined by looking at the estimated value of the item reliability (item reliability) and case estimation
reliability (test reliability). The reliability category according to Sumintono and Widhiarso [14] is shown
in Table 3.

Table 3. Reliability scale

Score Category

>0.94 Excellent
0.91t00.94 Very Good
0.79t00.90 Good
0.67 t0 0.80 Enough

<0.67 Weak

2.3. Itemvalidity
2.3.1. Content validity

Content validation is a psychometric procedure that tests the ability of a test to measure variables
precisely [15]. This requires a subject of "expert" classification items into one of three criteria: "important,”
"useful, not important,” or "unnecessary". Items that were considered "important” by the total reviewer
members were then allowed in the final test with items that failed to reach this level was excluded [16].

This test used to determine the value of the instruments of scientific argumentation skill that has
been developed. This test was conducted based on the results of the assessment by the validator by
calculating the content validity coefficient developed by Lawshe [17]. Expert criteria consisting of five rules
were changed to three criteria of essential, useful but not essential and not useful items. The content validity
coefficient is calculated by the coefficient of:

N
CVR = <T2> (1)
2
CVR = Content validity ratio (Content validity)
ne = Number of validators who choose items can be used
N = The total number validator
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The instrument validity for the seven-validator category was 0.99. If the CVR value is more than
0.99, the item is accepted as valid. Data was obtained from first phase where there are seven experts (3
Professor, 2 teachers, and 2 graduate students) reviewed 14 items.

2.3.2. Empirical validity

This test aims to determine the value of the empirical validity of the matter of the ability of
scientific. Data was obtained from the results of the second phase. The empirical validity test in this study
uses the Quest software. The item items are stated to be compatible and fit with the Rasch model of INFIT
MNSQ if the value is at an interval of 0.77 - 1.30. The item items are said to be valid if the INFIT value is
within the range of + 2.0 [14].

2.4. Item difficulty

The difficulty level of questions is also analysed in this study. To determine the level of difficulty
can be seen from the threshold value or difficulty. Criteria about the difficulty level can be seen in Table 4.

Table 4. Range of difficulty

Score Category
b>2 Very Difficult
1<b<2 Difficult
-1<b<1 Moderate
-1<b<-2 Easy
b<-2 Very Easy

3. RESULTS AND DISCUSSION

In this section, we explain the results of the reliability scale, validity scale of the items, the level of
difficulty, and the level of ability of scientific argumentation. At the initial stage, we submit 14 about the
scientific arguments that have been validated by experts.

3.1. First phase (content validity by experts)

For the first phase, there are seven experts (3 Professor, 2 professional physics teachers, and 2
graduate students) reviewed 14 items. They reviewed the item based on the aspect as shown as on Table 5.
After we revised several items many times, the reviewers finally stated that all items are essential. Than, we
calculate the CVR value from the (1). The result for all items is 1.00. According to Lawshe [17], for 7
validators, the minimum of CVR value is 0.99. So, the results of the validation assessment indicate that all
items are valid and essential at level [3]. They can be used to measure the ability of scientific argumentation.
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Table 5. Aspect for content validity
Aspect Items
1 2 3 4 5 6 7 8 9 10 11 12 13 14
The items in accordance with the
indicators of the ability of scientific
argumentation
The contents of items are in accordance
with the measurement objectives
The topic is in accordance with the
competencies and learning material
being studied
Limitation of expected questions and
answers is appropriate
The instrument for evaluating the ability
of scientific argumentation has an
answer key
The instrument for evaluating the ability
of scientific arguments is equipped with
a scoring rubric
Work instructions for the questions are
clearly formulated
The purpose of the problem is
formulated briefly and clearly
The items do not depend on the
previous problem
Use question words or commands that
demand descriptive answers
Be consistent in using the terms
symbols and units
Tables, maps, images, graphs or the like
are presented clearly and legibly
Item use good and correct language
The sentence formulation uses
communicative language and is easy to
understand
Do not use words/expressions that cause
double interpretation
Total checklist (\)
Score of Experts Judgment
Criteria of Experts judgment
[3]: Essential, if each item gets more than 10 checklist items (V)
[2]: Usefull, but not essential if each item has 6 — 9 checklists (V)
[1]: Not usefull, if each item gets a checklist <4

3.2. Second phase (empirical valditiy from students test’ result)
3.2.1. Item reliability

For the second phase, after revised the items, we asked the 98 students to answered 14 questions
which each questions contain five point (claim, data, backing, warrant and rebuttal). Based on these results,
the reliability of the test, reliability of the items estimates and case estimate, respectively, are 0.79 and 0.70.
According to [14] these results indicate that the quality of the items about the ability of the scientific
arguments have the reliability and consistency of the answers were pretty good students.

3.2.2. Item validity

Scientific argumentation ability test instrument is test description consists of 14 questions.
Validation test about the ability of a scientific argument is based on three aspects: the contents, construction
and language. Results of the assessment by the validator calculated using the equation content validity ratio
(CVR). Results of the assessment instrument validation capabilities scientific argument show that all CVR
score is 1.00 by expert review.

According to Lawshe [17] for a validator which amounted to 7 people, the minimum value of
the CVR is 0.99. The results of the validation assessment showed that all items are valid and essential and
can be used to determine the level of students’ scientific argumentation skills. The test of validity items was
used by empirical scientific argument capabilities using the Quest. The validity of the test results, as shown
in Table 6.

Item fit with Rasch models if INFIT MNSQ is in the interval from 0.77 to 1.30. Item is considered
valid if the value INFIT t lies in the range limits of + 2.0 [14]. The results of the empirical validity of the test
items scientific arguments indicate that question number 5 is not compatible with Rasch models invalid and
so cannot be used.
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Table 6. Result of validity test

Item  Infit MNSQ Criteria Infit t Criteria
1 1.23 Fit 11 valid
2 1.27 Fit 1.9 valid
3 0.86 Fit -1.0 valid
4 0.84 Fit -1.2 valid
5 0.71 Not Fit -2.3 Not valid
6 0.86 Fit -1.0 valid
7 0.81 Fit -0.9 valid
8 1.13 Fit 0.7 valid
9 1.03 Fit 0.3 valid
10 1.07 Fit 0.3 valid
11 1.01 Fit 0.3 valid
12 1.01 Fit 0.3 valid
13 1.01 Fit 0.2 valid
14 1.06 Fit 0.3 valid

3.2.3. Item difficulty

The difficulty item is a very important indicator for teachers and researchers in the field of test
development. The item difficulty shows the comparison of the correct answer to the total items. This study
uses the QUEST application to calculate the value of item difficulty. The results of the item difficulty can be
seenin Table 7.

Table 7. Result of item difficulty

ltem Difficulty Description

1 -1.47 Easy

2 -0.93 moderate

3 -1.02 Easy

4 -0.97 moderate

5 -0.81 moderate

6 -0.61 moderate

7 -0.60 moderate

8 -0.36 moderate

9 0.90 moderate
10 -0.51 moderate
11 0.89 moderate
12 2.95 Very difficult
13 2:30 Very difficult
14 0:23 moderate

3.3. Third phase (implementation test)

For the third phase, after choosed the best five 5 questions consisting five point to ansered (claim,
data, backing, warrant, rebuttal), the instrument was tested on 97 students to measure students' skills of
scientific argumentation. They are students majoring in science with an age range of 16 — 17 years.
The results of the students' answers are then analysed to obtain the results of the scientific argumentation skill
level of students. The item consisted of 40% about the easy type (item 1st and 4th), 40% about the medium
type (item 8th and 11th) and 20% about a very difficult type (item 13). The selection of items is also adjusted
to the indicator problem.

Based on the five questions given, the average scores obtained by students are only for 19.83/100.
This demonstrates the ability to answer the scientific test argument is still very low. The highest scores are in
item 1 with a score of 44.3 / 100, while the lowest is in the item about 4 with a score of 7.42 / 100. Judging
from the level of scientific argumentation skills of students based on a modified aspect, which is the highest
percentage is only at level 1 (39.8%) where students can make a claim, however, the number is still very
small even less than half the total number of all students. In this study, the most challenging aspect for
students is the ability to present a rebuttal aspect. It is seen that only a small proportion (4.6%) students were
able to give a rebuttal, while almost all students (95.4%) have not been able to level 5.

Claims are answers to research questions. The evidence then approves this claim. The nature of the
evidence used in the argument is then assured by what is used as a reason. Component argument consists of
observations, measurements, analysed or even findings from other studies that have been collected, then
completed. The proof, in other words, consists of the data and explanations about it. The argument
consideration component, in contrast, debates on decisions used to explain the relevance of the evidence used
in the argument and Justifies. Proof of evidence that is often submitted for approval of the evidence in the
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concept, theory, or essential thinking supports that thought or Methodical during the investigation. A claim is
an answer to a statement with evidence that includes measurements or observations and is relevant to support
a particular claim, based on the results of reasoning [18].

Common difficulties faced by students are not being able to explain scientific explanations. It is
failing to present sufficient and appropriate evidence for their claims, failing to link evidence with
appropriate scientific principles, and not clearly interpreting their inferences and articulating their
relationship between evidence and claims [7]. Skills in the aspect of claim can be in the form of debating
several different claims [19]. Students who are not able to give good reasons for the claims they present/tend
to be caused by not paying attention to cognitive and scientific aspects [20].

Warrant combines scientific principles and ideas, functioning as the relationship between claims and
evidence [18]. The explanation is given shows the relationship between data and claims with the correct
scientific concept and can lead to misconceptions if not given a clear warrant [21]. Students may be difficult
to provide a proper warrant because they have not presented several indicators of words such as "so" or
"because”. These words are useful to identify what is being inferred from the claim filed or why a conclusion
has been drawn, so warranties often serve as explanatory [22]. The level of students in the warrant aspect is
still weak because they have difficulty connecting the statements with the data. Not even a number of those
who do not write one of the claims or data. Though, the warrant is a logical sentence that connects data with
claims in scientific argumentation pattern [23, 24].

Backing provides the fact that is supporting a warrant. It is an underlying assumption that is usually
considered to be mutually agreed upon and provides justification for specific warrant [25]. Many claims,
warranties or data are not supported by reliable information. It seems that students tend to give convincing
opinions that a claim is sufficient. They rely heavily on their thinking by ignoring relevant information [26].
Student arguments at the backing level are still low because the supporting evidence is unclear, incorrect, or
not connected with the claim. Good backing contains reasons with at least one evidence that supports and has
a connection to the claim [27].

The rebuttal is a statement that a claim is wrong based on evidence and reasoning which disagree
with a claim but do not make a new claim [28]. As a statement against the claim [29], rebuttal becomes
the most challenging aspect of scientific argumentation skill. The rebuttal aspect is marked by the presence of
a reply that can be identified [27]. However, in this study, almost all students were not able to present
a counterclaim (rebuttal) clearly or even not at all present rebuttal. They couldn’t use higher patterns of
argumentation, including rebuttal [30].

There are three types of rebuttal in scientific argumentation, including opinion or rebuttal consisting
of personal attacks, a rebuttal consisting of own views, and rebuttal consisting of scientific evidence [31].
Based on the type of rebuttal, almost all students have difficulty in presenting the refutation, primarily, based
on the denial of scientific evidence. Several things cause the low level of students’ rebuttal. Similar [32]
statements conveyed only repeat the arguments stated earlier, rebuttal delivered without reason, present
a new argument that does not directly deny the counter-argument said previously.

There are two playing keys to involving students in scientific argumentation [8]. First,
argumentation is the primary practice of science, and as such must become the core of science education.
Second, discuss the norms of scientific argumentation lead students to understand the epistemological
foundations of scientific practice. Besides, According to [33] required individuals who approve and criticize
whether and support access to claims.

4. CONCLUSION

Sequentially the level of scientific argumentation ability of students is level 1 (claim) makes
statements, level 2 (data) presents data/facts, level 3 (warrant) connects data and claims through evidence or
theory, level 4 (backing) supports claims with a mathematical calculation or picture, and level 5 (Rebuttal)
provides a rebuttal to the statement. Based on the findings, it can be concluded that the items declared valid
test to measure the level of scientific argumentation ability learners. Several items were developed in good
condition by INFIT MNSQ, difficulty, and overall, in reliability.

Modification of the level of scientific argumentation ability of students in sequence starting from the
highest level (level 5) is a claim, data/fact, warrant, backing, and rebuttal. Also, the study concluded that
students' ability to scientific arguments at this school are still at low levels; where most students are only able
to be at the lowest level 1. Most students have not been able to present an argument that can be categorized as
a scientific argument. The student characterizes it answers, none of which correspond to the capability of
scientific argumentation.
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