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Abstract. Scientific communication skill is one of the important assessments in
21st-century learning, including in science learning. In this regard, one form of
scientific communication is familiarly known as scientific argumentation.
Scientific argumentation skills can be trained since high schools to the university
level. The current research is concerned with the development of scientific
argumentation test. The development research of Plomp model is used. This
project is limited to the design stage and the validity of the test instrument. The
scientific argumentation instrument was developed through five essay questions.
Problems are formulated with fluid mechanics topic. Five experts in the field of
fluid mechanics carried out proof of the validity of scientific argumentation
instruments and continued with calculations using the Aiken V index formula.

The validation results disclosed that all five items were valid with an average

Aiken index of 0.87. Questions that have been validated are ready to be tested.

Keywords: Fluid Mechanics Course, Scientific Argumentation Skills, Test
Instrument Development.

Introduction

The technology and science have developed very rapidly in the 21st century. Life in the
21st century is synonymous with the need for skills. There are many 2 1st century skills
that people required to master due to current and future challenges [1]. Thus, today's
learning is expected to provide learning that goes beyond subject content and can pre-
pare learners to succeed in the 21st century. Educators and learners shall recognize how
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to use knowledge and skills simultaneously through mastering critical thinking, apply-
ing knowledge to new situations, analyzing information, understanding new ideas,
communicating, collaborating, solving problems, making decisions and so forth. This
makes education experts never stop finding new paths in the world of education thus
learning becomes effective, and students can practice these formulated skills [2-3].

In recent years, there has been an increased emphasis on incorporating scientific ar-
gumentation into science education practices. Various studies have reported that engag-
ing in the process of argumentation leads to increased understanding of scientific con-
tent knowledge. More recently, the need to engage students in argumentation is for-
mally addressed in national generation science standards. Specifically, the K-12 Sci-
ence Education Framework, along with the upcoming Next Generation Science Stand-
ards (NGSS), specifies “engaging argument from evidence” as one of the eight essential
science practices and a necessary skill in the 21st century that shall continue to be prac-
ticed in prospective science teachers as well as teachers. One of the skills that has re-
ceived important attention in science learning is communication skill [4-5]. One type
of communication skill can convey arguments with factual data.

Communication and collaboration skills can be demonstrated through learners’ ar-
gumentation skills [6]. Modern reforms in science education emphasize context, activ-
ities, and scientific conversations. Scientific conversations in the form of argumentation
are very important because they are considered capable of enhancing understanding and
changing understanding of science in line with the statement [7]. Researchers also con-
cluded that providing scientific data will help learners overcome the difficulties they
experience in arguing about scientific topics. Scientific argumentation is one of the cri-
teria used to assess learners and has been emphasized in the National Science Education
Standards. Berland and Hammer also cited that scientific argumentation has been in-
creasingly recognized as a notable practice in science education because it allows learn-
ers to actively engage in creating ideas and questions through a process that produces
similarities to scientific practices. Such formulated argumentation is the key mediator
for accessing knowledge [8]. Therefore, a prospective science teacher shall possess ar-
gumentation skills and thus it can be delivered to students.

Communication and collaboration skills can be demonstrated through learners' ar-
gumentation skills [6]. Modern reforms in science education emphasize context, activ-
ities, and scientific conversations. Scientific conversations in the form of argumentation
are especially important because they are considered capable on improving understand-
ing and changing understanding of science in line with the statement [7]. The research-
ers also concluded that providing scientific data will help learners overcome the diffi-
culties they experience in arguing about scientific topics. Scientific argumentation is
one of the criteria used to assess learners and has been emphasized in the National Sci-
ence Education Standards. Berland and Hammer also mention that in recent years, sci-
entific argumentation has been increasingly recognized as an important practice in sci-
ence education because it allows learners to actively engage in creating ideas and ques-
tions through a process that produces similarities to scientific practices. This argumen-
tation is a key mediator for accessing knowledge [8]. Therefore, a prospective science
teacher must also have argumentation skills so that later it can be trained to students.



218 D. Diniya et al.

Argumentation is based on facts and complex reasoning [9]. Argumentation involves
scientific reasoning to draw conclusions from the available information and statements
conveyed based on existing facts [10]. Explanations in argumentation are then verified,
communicated, debated, and modified [11]. Argumentation ability is an ability that in-
volves cognitive processes that enable students to solve problems [12]. Argumentation
is a way to develop thinking skills in general because this ability includes activities to
propose and criticize a problem [13]. Competent educators can develop and encourage
learners to argue well [14]. Through argumentation activities, learners can understand
the process of acquiring knowledge concepts that are being learned [15]. It is not only
students who must have the ability to argue, but prospective teachers also need to mas-
ter argumentation skills. Students or prospective teachers are required not only to be
able to convey what they have obtained, but also to have the ability to channel their
knowledge [16].

Educators usually feel unsatisfied regarding the level of quality of students' argu-
mentation [17-18]. An instrumental view of argumentation is needed to develop ques-
tions for the assessment of argumentation skills. There are several models for develop-
ing questions for the assessment of argumentation skills, one of which is Toulmin's
Argument Pattern model. Developments in the Application of Toulmin's Argument Pat-
tern for Studying Science Discourse states that the application of Toulmin's Argumen-
tation Model can be a reference in analyzing argumentation. The basis for the develop-
ment of the Toulmin's Argument Pattern (TAP) model test instrument consists of claim,
data, warrant, backing, qualifier, and rebuttal [19]. Students can argue based on claims,
data, evidence, and support [20].

Several experts have also examined argumentation skills in students and teachers.
Based on the findings [16, 21] that some of the students have not been competent in
writing science argumentation as seen from the inclusion of evidence and support that
can guarantee the truth of the chosen claim. The development of argumentation skills
test instruments in physics can be applied to impulse and momentum materials. Ac-
cording to the results of research [22-23] that the types of errors made by students in
solving problems on impulse and momentum material are errors in working strategies,
thinking errors related to the applicability of the law of conservation of momentum, and
conceptual errors.

A study on improving communication skills in prospective teachers through HOT
Lab on the topic of Electrical Circuits found that there was a significant improvement.
In particular, the improvement of communication skills in the aspect of information
representation that applies HOT Lab is high while those that apply verification labs are
at a low level. Individual communication skills were not affected by gender. However,
the verbal aspect of information representation is more dominant in female prospective
teachers while the mathematical and graphical aspects of information representation are
more dominant in male prospective teachers [4]. Another study showed that learning
using a laboratory inquiry model based on analogy mapping was able to assist in train-
ing students' argumentation skills [3]. Findings about argumentation skills in prospec-
tive teachers using the MIKiR approach during the covid-19 pandemic concluded that
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it can train the scientific argumentation skills of prospective science teachers. The in-
teraction and communication steps in the MIKiR approach are very helpful in practic-
ing the scientific argumentation skills of prospective science teachers [24].

Another study which analyzed the argumentation skills of students obtained the av-
erage argumentation skills at level 1-2 [25]. The results of this study can be used as a
basis for planning the learning process. Activities that involve student argumentation
need to be improved to develop the ability to understand concepts and argumentation
skills. Research [26] found that prospective teacher students were involved and moti-
vated in meaningful nanoscience and nanotechnology learning experiences and pro-
spective teacher students' argumentation skills had emerged and developed well during
the learning process, namely being able to provide claims and data, and several war-
rants, qualifiers, and rebuttals to the arguments they gave. As well, a study developed
related to argumentation questions on impulse and momentum material [27]. The re-
sults showed that five test items were declared valid and classified as highly reliable.
With these results, the test instrument developed can be used to measure argumentation
skills on impulse and momentum material. Research [28], namely developing written
scientific argumentation questions on the topic of the role of Microbiology in the health
sector in the Microbiology course. The question was declared valid and suitable for use.

Research [29] discovered several interesting findings on students’ abilities as fol-
lows: in making moderate claims (56.59%), providing evidence were very weak
(18.35%), and making explanations were also very weak (14.21%). The results implied
that learning strategies were necessary to improve scientific argumentation skills. Re-
search [30] found that educators should provide time for students to engage in scientific
inquiry and argumentation and to achieve a deep understanding of the core ideas pre-
sented.

Based on the background delivered in this line of research, it can be stated that no
one has developed a scientific argumentation instrument question on fluid mechanics.
Hence, the current research has received considerable attention to be conducted with
the aim of developing a scientific argumentation test using Toulmin’s Argument Pattern
(TAP) model.

2 Methods

Conducted thruogh the Development and Research, the current research was conducted
in the odd semester of the 2022-2023 academic year. Research and development or
Research and Development (R&D) is a series of processes or steps to develop a new
product or improve existing products [31]. In this paper, Research and Development is
a research method used to produce certain products and test the effectiveness of these
products. The development model used is the Plomp model. This model was proposed
by Plomp in 1997 [32]. Plomp stated that in development research a research design is
needed. “We characterized educational design in short as a method within which one is
working in a systematic way toward the solving of ‘make’ problems”. This briefly in-
dicates that characterizing educational design as a method within which one is working
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in a systematic way toward solving the problems. Plomp's model consists of prelimi-
nary investigation phase, design phase, realization/construction phase, test, evaluation
and revision phase, and implementation. In this study, the development was only car-
ried out up to the test, evaluation and revision phase because the implementation phase
requires a long process and time. In general, the Plomp’s model can beillustrated as in
Fig. 1.

Preliminary Realization/ flear Implementat
. P - evaluation :
investigation Construction . ion
and revision

Fig. 1. Research and Development Design according to Plomp.

In the initial investigation phase, researchers collected data or information in the
field and identified related problems. This data collection serves to strengthen the back-
ground of the problem, research objectives, and benefits. Data collection was carried
out by studying documentation related to research articles that have examined the de-
velopment of argumentation questions and it was found that there was still no research
that developed scientific argumentation questions on the topic of fluid mechanics. At
this stage, the curriculum in the Tadris Science Study Program at UIN Suska Riau was
also analyzed. It was found that there was a Mechanics course and the questions had
never been developed in the form of scientific argumentation.

At the design stage, researchers chose the sub-topic that shall be developed into a
scientific argumentation test instrument. The selection of sub-topics is also adjusted to
the learning outcomes in the Mechanics course. The subtopics chosen were Archime-
des' law, Bernoulli's law, Hydrostatic pressure, dynamic fluid, and harmonic oscillator.
Each question is also related to the context that exists in everyday life. The following
is a lattice of argumentation questions presented in the study.

Table 1. Sub-topic and the number of questions on each topic

Sub-Main Material Number of Sub-Ques-

tion
Archimedes' Principle in Phytoplankton 1
Bernoulli Principle on Air Plane 2
Hydrostatic Pressure 3
Fluid Dynamics in Blood Vessels 4
Harmonic Oscillators in Anti-Earthquake Buildings 5

After choosing the topic, the researcher started to conduct the questions design. The
questions were designed in the form of essay questions. The questions consisted of five
items. The questions were designed using scientific argumentation indicators according
to Toulmin. Researchers only limit 4 indicators, namely claim, data, warrant and back-
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ing. Moreover, it is to conduct the next stage, namely the realization phase. This reali-
zation phase is a follow-up to the design phase. In this regard, the manufacture of prod-
ucts and instruments needed is carried out. The result of this realization phase is ques-
tions on a written scientific argumentation instrument. The learning product resulting
from this phase is prototype I. Furthermore, the researchers conduct the test, evalua-
tion, and revision phase. At this stage, validation is carried out to experts or also called
validity construction. The selected experts are lecturers who teach Physics or Science
content in 5 different universities with 5 years of service. The distribution of experts
who became validators can be seen in the Table 2.

Table 2. Validator

No Validator University

1 NDP UIN Suska Riau

2 RA Universitas Malikussaleh

3 MDP Universitas Samudera

4 AS Institut Teknologi dan Sains Muhammadiyah Kolaka Utara
5 FN Universitas Pendidikan Indonesia

Expert testing is conducted with respondents who are experts in designing models
or products. The validation test of the test instrument focuses on the construction aspect
which consists of the accuracy of the formulation of questions, instructions for handling
questions, accuracy of the use of images, and accuracy of questions arranged based on
the difficulty level of the questions. Expert validation activities are carried out in order
to provide an assessment of the initial product and suggest revisions for improvement.
To obtain validity data from the learning instruments developed, validators were given
an assessment questionnaire sheet and test instruments that were prepared to determine
aspects of question construction, suitability of substance, and language. Furthermore,
the assessment results from the validators were analyzed to determine the level of va-
lidity. At the end of this research, the resulting product is a written argumentation ability
test instrument for the Mechanics course.

3 Results

The results on the current research are in form of experts’ validation. Experts’ valida-
tion test is conducted by the chosen experts in the Table 3.

Table 3. Validity Test Results in the Material Context

Number Yahdatorz 3 4 5 V-Aiken Index Note

1 4 4 4 4 4

2 3 4 3 3 4 0,89 Very high
3 2 4 4 4 4
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Based on the above table, in the material aspect, the value of V Aiken's index is 0.89.
Applying the criteria for the v Aiken index with a 5% significance of 0.80, the material

aspect is considered valid.

Table 4. Validity Test Results in the Construction Context

Validator

Number | ) 3 4 5 V-Aiken Index Note

2 3 4 3 3 4

3 2 4 4 4 4 )

5 3 4 3 3 4 0,9 Very high
3 2 4 4 4 4

Based on the above table, in the construction context, the value of V Aiken's index
is 0.90. Applying the criteria for the v Aiken index with a 5% significance of 0.80, the
material aspect is considered valid.

Table 5. Validity Test Results in the Construction Context

Number Yahda;or 3 4 5 V-Aiken Index Note

8 3 3 4 4 4

9 3 4 4 4 4

10 3 4 4 4 4 0,92 Very high
11 3 4 4 4 4

12 3 4 4 4 4

Based on the above table, in the language aspect, the value of V Aiken's index is 0.92.
Applying the criteria for the v Aiken index with a 5% significance of 0.80, the material
aspect is considered valid.

The design of argumentation questions for the subtopic of Archimedes' Law on Phy-
toplankton has several revisions. The revisions include providing a more relevant clue
other than the density of water and the density of seawater to find the magnitude of the
buoyancy force on phytoplankton. Other validators also provided revision suggestions,
namely clarifying how to calculate the amount of buoyancy force on phytoplankton,
measuring the volume of phytoplankton immersed in water. The validator also gave a
revision suggestion that there should be a picture of the phytoplankton to be measured,
so that the surface area and height can be measured.

On the subtopic of Bernoulli's Principle on Airplanes, the validator advised that there
are too many questions in one question, meaning there will be many claims, data, jus-
tification, and support. Just focus on 2 or 3 questions according to the subject matter.
The validator suggested that the questions be split into 2-3 questions that are still related
to Bernoulli's Law. Other validators also suggested clarifying the air direction or wind
speed. This means against the direction of the air (wind speed) on the wing or gravity
and refers to the previous question, which questions why an airplane with a large mass
can fly. Because if it is against the direction of the wind speed where can students find
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out. And therefore, additional information is needed because the wind direction in the
air changes and the plane flies on a trajectory marked by radar, which is why planes
when in the air do not collide with each other. and if this question leads to wind direc-
tion. The wording of the question is better if it is changed whether when the plane flies
in the air, the plane moves in the direction of the wind or not.

On the Hydrostatic Pressure subtopic, the validator did not provide any suggestions
for improvement. Furthermore, on the topic of Dynamic Fluid in Blood Vessels, the
validator suggested that the pictures in the questions should be combined with pictures
of fluid flow in physics concepts, not just pictures of healthy blood flow and unhealthy
blood flow. Other validators also suggested that the questions on this subtopic do not
seem to support meeting the 4 (four) aspects of argumentation (claims, data, justifica-
tion and supporting arguments) if only linking to the concept of fluid, the possibility of
student answers is a claim about high blood pressure, justification and support based
on theory. There is no data. In this regard, the data will only appear if students alternate
to elaborate answers using modeling on pipes on the concepts of continuity and Ber-
noulli.

On the subtopic of Harmonic Oscillators in Anti-Earthquake Buildings, the validator
gave a suggestion to add a sketch of an anti-earthquake building in the question. Other
validators also stated that the questions on the subtopic were also like the questions in
subtopic 4, namely the data was not listed in the questions presented.

The limitations of this study are the limited number of questions developed. The
argumentation indicators developed are also still limited to only 4 indicators. It is rec-
ommended that future research can develop all indicators of scientific argumentation.
Future research can also examine the ability of scientific argumentation.

4 Conclusion

Based on results obtained in this line of study, it can be argued that the validation test
through experts’ judgment, the written argumentation test on Fluid Mechanics demon-
strated that those three aspects of assessment (material, construction, and language)
possess a very high validation value. There is also emerging evidence that the questions
are appropriate to use. To more comprehend the current project, this paper suggests to
test the argumentation instrument for further researchers.
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