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Scientific argumentation The scientific argumentation skills in laboratory activities needs to be

trained to provide training to students to use the results of laboratory
activity to answer problems in the field of biology. This study aims to
apply inquiry-oriented laboratory activities that focus on scientific
argumentation in laboratory courses and to analyze the quality of
scientific arguments of prospective biology teacher students during
laboratory activities. The method used in this study is mixed methods
research ~ type exploratoryy which combines qualitative and
quantitative approaches with complementarity. The research subject
is a prospective student of a 5th semester biology teacher who takes
microbiology courses. The results showed that the application of
scientific argumentation in laboratory activity was carried out in 3
stages, namely initial discussion, experiment, observation and final
discussion after experiment. The results of the analysis of the quality
of scientific argumentation show that the argumentation skills of some
students is at the middle level. The conclusion of this laboratory
activity shows that students' scientific argumentation skills can
develop well if they have the opportunity to discuss critically by using
experimental data and their knowledge obtained from literature
studies.
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INTRODUCTION

As teacher candidates, biology education students should have four main competencies, including
personality, pedagogic, social, and professional competencies as listed in the Indonesia Teacher and
Lecturer State Law (Wibowo et al,, 2019). The debriefing to acquire these four competencies has been
started since they are educated as prospective teacher students. Biology teacher candidates must be
equipped with adequate knowledge and skills before being deployed as biology teachers, including
scientific argumentation skills (Ecevit & Kaptan, 2022; NSTA, 2010).

Argumentation is defined as the claim of an author, including its degree and strength, its theoretical
orientation, the quality of the evidence produced or demonstrated, and how it relates to the theory
(Novaes, 2021; Du Boulay, 2012). Arguments can be defined as a series of propositions or postulates,
as well as products which created from a claim supported by relevant evidence and juctification (Sengul
etal, 2020; Nussbaum et al., 2012). While arguing is a social process in which two or more people build
and criticize arguments (Holihan & Baaske, 2022). The process of scientific argumentation in science
education is supposed to involve the construction and critique of scientific arguments, which involves
the consideration of alternative hypotheses (Giri & Paily, 2020; Novaes, 2021). Argumentation, as part
of what needs to be considered in critical thinking ability, is a verbal, social, and rational activity that
aims to convince reasonable critics of an acceptable view (Gray & Kang, 2014). While scientific
argumentation is a special case when dialogue is directed at the coordination of evidence and theories
to improve explanations, models, predictions, or evaluations of a scientific knowledge (Tang, 2022; Gray
& Kang, 2014).

One of the contributions of the argumentation to the purpose of education is to support the
development of critical thinking (Giri & Paily, 2020; Roviati & Widodo, 2019). Effective argumentation
skills are a core component of critical thinking, including the ability to construct an argument to agree
or disagree with a claim or opinion behind a science news report. (Fan etal., 2020). Being a person who
thinks critically and can develop independent opinions is important in the effort to become an active
citizen in a democratic society (Jiménez-Aleixandre & Puig, 2012). According to Lin (2013), building an
argument is the core process of critical thinking. Therefore, building and evaluating arguments about
issues can be important in developing and assessing students' critical thinking skills. Students who can
test and assess an argument for or against a claim, identify and evaluate an argument, the degree of
supporting evidence, and the possibility of a claim, are realized to be a crucial part of critical thinking
(Nussbaum, 2021).

Scientific argumentation is important in learning science and should be encouraged to be applied in
science classes in a way that students are encouraged to play an active role in discussions (Gray & Kang,
2014; Van Lacum et al,, 2014). Students must also be able to develop the skills needed to construct and
support scientific claims through argumentation and to evaluate or face the challenges of claims or
arguments given by others (Giri & Paily, 2020; Clark et al., 2009). However, opportunities for students
to participate in authentic argumentation in common science class are very rare (Allchin & Zemplen,
2020; Bathgate et al,, 2015; Sampson & Blanchard, 2012). Also little is known about the understanding
of science teachers and prospective teachers about scientific argumentation (McNeill & Knight, 2013;
Sampson et al, 2011), their ability to participate in complex practice, or their views on the use of
argumentation as part of science learning (Henderson & McNeill, 2018; Noroozi et al., 2018).

Studying microbiology as science should practice many skills and abilities such as scientific
argumentation skills and research skills (Faize et al., 2017; Salybekova et al, 2021). Scientific
argumentation has garnered much attention as a main competency in science education research for
the past 2 decades (Henderson & McNeill, 2018). Recent research has shown that engaging students in
scientific argumentation can lead to a better understanding of science concepts and processes (Aydeniz
& Ozdilek, 2015; Gultepe & Kilic, 2015). It is also well known that scientific argumentation is important
for scientific literacy and critical thinking (Erduran et al., 2005; Giri & Paily 2020) In fact, science
learning in many public schools in Indonesia nowadays is generally carried out with an emphasis on
question-and-answer interaction and is dominated by the teacher. This is a practice that does not
involve discussion, argumentation, or the social construction of knowledge, and does not provide
opportunities for students to practice inquiry, be creative, and dare to solve problems (Ozdem et al.,
2013; Sitohang, 2017).

It is now realized that science learning needs to involve the construction and use of tools that enable
students to generate knowledge about the natural world by involving in argumentation activities
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(Furtak & Penuel, 2019). Argumentations are used to build explanations, models, and theories, just as
scientists use arguments to relate the evidence they choose to the claims they reach through the use of
warrants and backings (von der Miihlen et al, 2016). Therefore, argumentation as an important
discourse process in science must be promoted in science learning in the classroom (Martin-gamez &
Erduran, 2018; Passmore & Svoboda, 2012). So far, the traditional view has always been that science
learning only focuses on learning outcomes, such as understanding concepts, problem-solving, or
science process skills (Jiménez-Aleixandre & Erduran, 2007).

Laboratory activities in science learning have several aims, such as to increase learning motivation,
develop experimental techniques and skills, learn a scientific approach, and increase understanding of
the theoretical aspects of the subject (Sevinc et al, 2011; Duda et al, 2019). In science laboratory
activity, students learn to observe objects and phenomena, ask questions, gain knowledge, construct
explanations of natural phenomena, test explanations in various ways, and communicate their ideas to
others (Gericke et al,, 2023; Manz et al,, 2020; Lunetta, et al., 2007). When writing a laboratory report,
students practice arguing by writing down the findings of their experiments which are supported by
empirical evidence or supporting libraries (Gouvea et al., 2022; Nuckels et al., 2020). However, the
ability to write arguments in choosing the activities to be practiced has never been trained, eventhough
this ability is needed when practicing inquiry in carrying out laboratory activity (Manz et al., 2020).
Therefore, research on the analysis of scientific argumentation of prospective biology teacher students
in inquiry-oriented laboratory activities is needed to explore.

Good quality practical work activities will help students develop important skills, understand
scientific research processes, and develop a conceptual understanding (Hofstein & Kind, 2012).
Unfortunately, the laboratory activities or practical work in the courses currently available at the
research site is still confirmative and does not provide opportunities for students to practice inquiry, be
creative, and have the courage to solve problems (Gericke et al., 2023; Hobstein & Walker, 2022). This
type of laboratory activity causes a lack of training in investigative and argumentation skills that are
demanded in studying science (Smith et al., 2020). In fact, sometimes students do not understand the
relationship between what is done in laboratory activity and lecture material and its relation to
everyday life (Kapici et al., 2022).

Inquiry-oriented learning activities are still not succesfully carried out among schools in Indonesia
(Effendi-Hasibuan & Mukminin, 2019; Sudigdo & Setiawan, 2020). This is because teachers who teach
science lack experience in conducting inquiry-oriented learning activities during their higher education
(Baroudi & Rodjan Helder, 2021; Kolve et al., 2020). Science learning must be transformed into science
learning as science is formed. Science is constructed not from one approval to another from scientists,
but rather through argumentation and debate (Eronen & Romeijn, 2020). Students need to know how
new knowledge is constructed and validated by scientists so that it becomes an important theory, law,
and concept from a variety of different disciplines to understand science as a way of knowing something
(Russel & Martin, 2023). Students must also be able to develop the skills needed to construct and
support scientific claims through argumentation and to evaluate or face the challenges of claims or
arguments given by others (Clark et al., 2009).

Microbiology is a field of science study that is part of the biological sciences that study aspects in the
life of microorganisms and their role in human life (Murray et al., 2015). Microbiology lectures discuss
microbial nutrition and metabolism, microbial growth and microbial growth, microbial classification,
and the role of microbes in various fields (Oren, 2015). Microbiology laboratory activity equips students
with basic skills in growing microbes, testing methods for antimicrobial materials, and the role of
microbes in various fields (Erkmen, 2021). Antimicrobial agent testing consists of testing antiseptic
chemicals, disinfectants, antibiotics, and natural antimicrobial ingredients in controlling the growth of
microbes commonly encountered in everyday life such as Escherichia coli, Pseudomonas aeruginosa and
Staphylococcus aureus (Abed & Hussein, 2016; McDonell, 2020).

Inquiry is a dynamic process that opens up and solves puzzles to know and understand the world
(Kuhlthau etal., 2015; Alberta, 2004). Inquiry learning is a process in which students engage in learning,
formulating questions, investigating extensively, and then building new understandings, meanings, and
knowledge (Houghton et al., 2022). Inquiry is the formation of questions about nature, finding answers,
studying and understanding thoroughly like a scientist, not just knowing in general from experts or
other ways (Krajcik et al., 2014). The knowledge and skills gained by students are expected not from
the results of remembering facts, but rather the result of discovering themselves through inquiry
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activities, namely observation, asking, proposing hypotheses, collecting data, and concluding (Duran &
Dokme, 2016). Inquiry-oriented laboratory activities are mostly applied to develop science process
skills, scientific skills and increase mastery of scientific conceptual knowledge (Belga 2022; Saputra et
al, 2021; Rodriguez et al., 2020; Kirkup & Varadharajan, 2016; Valls-Bautista et al., 2021. Only a few
studies have focused on developing argumentation skills through inquiry-oriented lab activities,
especially in microbiology topics. So, this study needs to apply inquiry-oriented laboratory activities
that focus on scientific argumentation and analyze the quality of scientific argumentation of prospective
biology teacher students. This study investigated the scientific argumentation skills of prospective
biology teacher students in inquiry-oriented laboratory activities.

METHODS
Research Design

The research method used in this study is mixed methods research (Creswell & Plano-Clark, 2007).
This research method allows the use of qualitative and quantitative research approaches
simultaneously or alternately. The research design used in this study is an exploratory sequential
design, and the results obtained in the first method (qualitative) can help develop or provide
information on the second method (quantitative) (Figure 1). This design is the most suitable for
research exploring a phenomenon (Creswell & Plano-Clark, 2007). Qualitative data exploration in this
study was carried out at the stage of the application process of inquiry laboratory activity which focused
on argumentation and quantitative data exploration was carried out on the quality data of
argumentation made by student teacher candidates during carrying out, discussing, and reporting their
investigations.

Qualitative ‘ Quantitative
Data Collection Builds to Data Collection Interpretation
and Analysis and Analysis

Figure 1. The exploratory sequential design used in this research

Population and Samples

The population of this research was 134 prospective biology teacher students in the Study Program
of Biologi Education at one of the Universities in Cirebon. The sample of this study was 37 students of
the fifth-semester taking microbiology course taken using random sampling techniques. This study
focused on analyzing the scientific argumentation skills of prospective biology teacher students in
inquiry-oriented laboratory activities. The laboratory activity carried out was prepared by students
based on the inquiry questions given, and then students prepared an experiment plan and carried it out
in the laboratory. Furthermore, students were allowed to discuss the results of the experiments and
prepared a laboratory report.

Instrument
The instruments used for data collection in this study were:

1. Observation sheets for data collection regarding the implementation of activities in the guided
inquiry laboratory activity program in the microbiology course that focuses on argumentation and
whether it is carried out according to the expected stages.

2. Toulmin's argumentation model framework or Toulmin Argumentation Pattern (TAP) modified by
Kutluca dkk (2014) to analyze the quality of students' argumentation with the data source of the
transcription of their argumentative conversations when planning, implementing and discussing and
reporting the results of the laboratory activity.

3. Questionnaires were given to students to collect data on their perceptions about the implementation
of practical work and scientific argumentation.
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Procedure

The data for this study were obtained from the application of laboratory activity in microbiology
courses which consisted of 4 (four) sets of laboratory activity events. Each set of laboratory activity
events consisted of 3 meetings. The activities in the first meeting was preliminary discussions, then
continued with planning and carrying out experiments, the second meeting was observations of
experimental results, then continued with collecting and analyzing data. The third meeting presented a
laboratory report and critical discussions of practical results based on experimental Lab report (Table
1).

Every activity carried out in the laboratory activity was observed and recorded using a video
camera. To make it easier for observers, students are labeled on the chest and back of their laboratory
coats with different codes, such as M01, M02, and so on. The recording results were then transcribed
and analyzed using the Toulmin argumentation model framework to measure the quality of student
arguments during critical discussions of the results of practical experiments. Students

The implementation of this research was carried out on a limited basis and continued to students
taking microbiology courses. The independent variable in this study was the implementation of guided
inquiry-oriented laboratory activities, while the dependent variable was the quality of student
arguments during preparing, carrying out laboratory activities, discussing, and reporting experimental
results.

Table 1.
Student activities during implementation of each set of inquiry-oriented laboratory
Meeting Activity What students do
Preliminary Students explore the experimental topics and formulate the problem
1st discussions
Planning & carrying Students prepare experimental designs, prepare the tools and materials
out Experiment needed and carry out experiments.
Observation of the Students observe the results of experiments after going through a
experimental result microbiological incubation period.
2nd Collecting & Analysing  Students carry out calculations or measurements and/or other
data observation methods and recapitulate the data, followed by data analysis
to find out initial conclusions from the experimental results.
Presenting Lab Report  Students present the results of their findings and group discussions in
the form of experimental reports and present arguments that support
3rd them.

Critical discussion Students from other groups responded and provided critical suggestions
and arguments on the results of the presenter's report.

Data Analysis Techniques

The data from this study were analyzed using descriptive qualitative analysis which was used to
describe the laboratory activity program stage and the results of video and audio recordings were
transcribed as data sources and analyzed using the Toulmin Argumentation Pattern (TAP) modified by
Kutluca et al. (2014). Meanwhile, the results of student argument transcription were analyzed
quantitatively based on the level of argument quality compared to each laboratory activity. Each
components of the argument was identified and recapped to determine whether it was in which level of
TAP (Table 2)

Table 2.
Toulmin's argumentation model framework with its characteristics
Level Means Description Toulmin (1958) Characteristic
0 Unscientific
1 Lower Scientific claims Claim Students think scientific claims can be
made without data support
2 Coordination between Claims + data Students recognize that sufficient evidence
claims and evidence is needed to support a claim
3 Middle Coordination with Klam + data + Students may use established theory or
reasoning between warrant/ backing knowledge to coordinate claims and
claims and evidence evidence
d
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Level Means Description Toulmin (1958) Characteristic

4 Coordination with Klaim + data + Students recognize the uncertainty of
reasoning and warrant/ backing +  claims given the power of warrants.
modification between qualifier
claims and evidence

5 . Coordination with Klaim + data + Students recognize the condition that

Higher . e . : .
reasoning, modification =~ warrant/ backing+  claims can now be implemented through
and conditionality qualifier + syarat- analysis of limitations related to
between claims and syarat rebuttal measurements, theories or models of the
evidence present and phenymenee  under
investigation.
RESULTS AND DISCUSSION

1. Implementation of inquiry laboratory activities that focus on scientific arguments
a. Initial Discussion Before Experiment

Before the experiment begins, students were given a 15-minute quiz, to ensure that students were
ready to carry out the laboratory activity. After completing the quiz, students carried out the initial
discussion. Students, guided by a moderator, were introduced to the problem to be investigated and
discussed what will be experimented on, starting from exploring what students know about what will
be practiced, and the need for experiment activities, to leading to hypotheses that will be proposed in
the experiment. At this stage students are allowed to observe the environment around them and what
they encounter in their daily lives that sometimes they do not realize that there is anything there. From
the results of these observations, then the discussion was continued by connecting it with what will be
practiced next. From the results of observations, students are then given questions that lead to
hypotheses that must be submitted before the experiment is carried out.

At the first laboratory activity event, which is about the diversity of microorganisms around us,
students discussed their embedding of their surroundings and the possible presence of microorganisms
in the environment, especially in the room and outdoors. In addition, students discussed why packaged
liquid milk becomes damaged or stale when the packaging is opened. One by one, students expressed
their opinions and responded to their friends' opinions. The discussion then continues until students
can propose hypotheses about the diversity and number of microbes present in various media in their
environment, such as from air, water, soil, foodstuffs, drinks, and the human body.

Meanwhile, in the second laboratory activity event, namely regarding the testing of antimicrobial
materials, in the form of antiseptics, disinfectants, antibiotics, natural ingredients, and oligodynamic
power of heavy metals. At the beginning of the event, students discussed their observations of
antimicrobial ingredients that they often encounter in everyday life and the active ingredients contained
in them. Students are also asked to identify various antimicrobial macas based on the type of active
ingredient and how it works in controlling microbes. Students also expressed their opinions and
responded to their friends' opinions regarding the factors that affect the working power of antimicrobial
materials. At the end of the discussion, students proposed a hypothesis about which antimicrobial
material would produce the greatest inhibitory zone as an indicator of the level of effectiveness of an
antimicrobial material and the sensitivity of certain microbes to the types of antimicrobial materials
that are often used daily.

The third one is about testing the quality of drinking water using the MPN (most probable
number) method (Shakya et al., 2021; Reza et al., 2014). The initial discussion focused on the types of
water used for drinking by the practice and how to ensure the water is suitable for drinking before
finally being introduced to the problem of drinking water testing and proposing hypotheses. The fourth
practicum is about the role of microbes in the food sector. Practicants discuss what foods in the
manufacturing process involve microorganisms and what are the benefits of using microbes in making
these foodstuffs. The discussion continued with what factors affect the results of making foodstuffs
using microbes until finally the practice was asked to propose a hypothesis.

b. Laboratory activity implementation

After getting enough explanation, students experiment according to their respective assignments.
Students work to carry out experimental procedures by the guidebook they searched and discussed.
During the work of carrying out the experiments, students were guided by laboratory assistants who
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helped make the experiment run well. This is mainly focused on ensuring that students work
microbiology experiments aseptically to prevent contamination of the experimental results, namely the
growth of microbes that were not expected in the experiment.

At the first laboratory activity event, about the diversity of microorganisms around us, students
worked on isolating microorganisms from various sources of medium, namely from the air, both indoors
and outdoors, from soil, both dry, fertile, and muddy soil, from food, drinks, river water, from the surface
of objects and the surface of the human body. This isolation procedure is carried out by sterilizing the
tool and the material used, pouring the medium agar into a petri dish waiting until it is solid, and
continuing with microbial isolation from various sources to the surface of the agar medium. The petri
dishes inoculated with microbes are then incubated in an incubator for 2 x 24 hours to be observed on
the appointed day, which is two days after inoculation.

In the second laboratory activity event, which is about testing antimicrobial materials, students
tested the sensitivity of microbes to antimicrobial materials with the standardized diffusion method of
agar disc paper called the Kirby-Bauer method. The antimicrobial ingredients tested include antiseptics
(betadine and alcohol), disinfectants (wipol and bayclin), antibiotics (amoxicillin and tetracyclin),
antimicrobial natural ingredients (turmeric extract Curcuma domestica and babadotan Ageratum
conizoides leaves) and heavy metals (Cu / copper and Fe / iron) (Alhamadani & oudah, 2022; Heno et
al, 2021). The stage of work is the pouring of agar media into a petri dish, after it is solid then on
different petri dishes are inoculated with bacteria Escherichia coli and Bacillus sp. After that, the
antimicrobial material soaked on the disc paper is placed in the center of the inoculum for later
incubating for 2 days.

At the third laboratory activity event, the experiment conducted MPN tests on 3 water samples
and collected data on which water was suitable for drinking based on the presence of coliform microbes.
During the fourth laboratory activity event, the students observed the effect of temperature on yogurt
making.

c. Observation of Experimental Results

After incubation for 1 or 2 x 24 hours, students observe the results of the experiment, collect data
and record it on plano paper. The results of the first laboratory activity event were observations of
microbial colonies growing on solid media to report both in number and diversity. Meanwhile, the
second laboratory activity event observed a clear zone formed around the disc paper due to the
inhibition of microbial growth by the antimicrobial material tested. Because each group worked on
experiments with different samples, the observational data were recorded together in a plano paper to
be used as a shared data source.

d. Discussion of Experiment Results

Two days after the observation, the student then conducted a critical discussion guided by
directing questions to connect the results of the laboratory activity with student knowledge. Based on
the data processed during observations, students discuss and argue about the results of the experiment
and why the results of the experiment are appropriate, whether they are appropriate or not by the
hypothesis, supported by the results of the appropriate research. At the first laboratory activity event,
students argued about which sources produce the most number and diversity of microorganisms and
which ones are the least. Students argue that their answers are linked to laboratory activity results and
other data obtained from literature studies and their knowledge of the conditions of isolated microbial
sources. Meanwhile, at the second experimental laboratory activity event, students discussed and
argued about which antimicrobial material provides the largest inhibitory zone and its causes, both in
terms of how the type of antimicrobial material works and the type of bacteria tested.

2. Analysis of the quality of scientific argumentation of prospective biology teacher students
The result of student’s quality of argumentation while doing laboratory activities is presented in
Table 3.
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Table 3
The number of arguments that appear and their classification by argument level

. . Level
Events no. Discussion stage Appear 1 2 3 4 5
1 Beginning 7 - 5 2 - -
End 24 - 5 14 5 -
2 Beginning 15 - 11 4 - -
End 30 - - 15 12 3
3 Beginning 18 - 2 16 - -
End 28 - - 20 6 2
4 Beginning 16 - - 16 - -
End 25 - - 23 1 1
Total 0 23 110 24 6

The analysis revealed that the students' scientific argumentation skills improved significantly
after engaging in the laboratory activities. Based on the table above, the number of argumentation
occurrences from the first laboratory activity event to the second has increased and from the initial and
late discussion stages has increased. This shows that students have increased their courage to express
opinions and respond to their friends' opinions after experiencing two laboratory activity events with
discussions. Meanwhile, the number of arguments appearing more at the time of the final discussion
than the early stage shows that students are more confident to submit opinions after participating in
laboratory activities and observing the results of the experiment.

Meanwhile, the emergence of argument levels that have from each stage and event also increases.
This can be seen from the appearance of arguments dominated by low-level arguments. While in the
final stage the arguments that appear are dominated by a higher level of arguments. This shows that
students are able to use experimental data on the laboratory activity to answer the questions asked and
accompanied by reasoning and coordination with the results of the literature studies they conduct.

Analysis of the quality of argumentation of laboratory activity participants was carried out using
a framework to determine the level of argument according to Toulmin (1958). For this reason, it is
necessary to first recognize the components of the argument in an argument. For example, in the
following dialog:

Sts 1: In my opinion, Why choose water, because those microbes tend to grow faster in water
media. For example, a lot of water has nutritional elements that make microbes grow.
Yes, the water is also there... Then also, the water has a temperature that is not too high,
causing a large number of microbes to grow in the water.

The above student answer was gained when they were asked the question, which microbial
isolation source media produces the greatest number and diversity of microbes and why this is so. This
claim is given at the initial discussion before the laboratory activity, so it is a conjecture or hypothesis
based on observations of the environment and preliminary knowledge possessed by the student
concerned. The sentence above contains at least 1 (one) claim and 3 (three) data or evidence as well as
a warrant or guarantee to support the claim it submits. However, the link between claims and data is
still simple. As such, itis a level 3 or intermediate argument.

Meanwhile, the arguments presented at critical discussions always involve the results of
observations from previously conducted experiments. An example is in the following dialog:

Moderator: How does the number and diversity of microbes isolated from air, soil, and river
water compare?

Sts 2:  so, the result of the observation, more is from water. Especially sewer water. The
microbes in the water come from for example the rest of the water, washing clothes,
taking a bath, right? Now after being observed, the shape is also when compared to
mineral drinking water, it is more concentrated. That indicates that (the microbe in)
the water from the sewer is indeed more.

In the dialogue above, it can be seen that the structure of the argument consists of claims, data,
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warrants, and coordination between the three with reasoning and is also accompanied by primary data
derived from the results of students' observations during the observation of experimental results. In
contrast, the following arguments contain a claim counter and are accompanied by data supporting it.
So one argument contains two sets of arguments at once.

Sts 3: Because there are a lot of nutrients, there. Sewer water contains its microbial needs.
Sewer water gets nutrients from bathing, washing, and other domestic waste. Well, if it
is in the air, it is from various sources, carried away by the air.

The results of the observations showed that all students were enthusiastic about following the
course of the discussion but not all students were willing to actively express their opinions and argue in
the discussion. Students construct arguments during the initial discussion before the laboratory
activity and critical discussion of the laboratory activity results. The argumentation scheme shown by
students shows that if they are allowed to argue, they will put all their knowledge into answering
challenge questions and be equipped with data to support their answer claims. Students come to
understand what they do during the laboratory activity, what it has to do with the lecture material, and
its relationship to everyday life. So, The students were able to construct arguments based on evidence
and scientific reasoning, and their ability to evaluate the quality of evidence also improved.

The results of this study are possible because inquiry-oriented laboratory activities provide
opportunities for students to develop their argumentation skills using the data they have from
investigation activities as evidence (Duda et al., 2019; Nuckels et al., 2020). Meanwhile, the reasoning
and rationalization of evidence that they have with the theory they know at the time of the discussion
provides training to students to improve the quality of their arguments by adding warrant, rebuttal and
qualifier components (Gouveaetal., 2022; Manz et al,, 2020). Thus the quality of student argumentation
is increasing. This follows the results of the research of Chen et al (2016), which states that the practice
of argumentation can be supported by an argument-based inquiry by practicing oral and written
argumentation.

3. Studentresponses about arguments in laboratory activities

The results of the student questionnaire on argumentation in laboratory activity show that
students' attitudes towards the application of laboratory activity accompanied by argumentation tend
to be positive. This can be seen from the questionnaire value being in an average position of 80 which
means it is strong.

The highest student response is given by students with the code M17 with a total of 90 points or
a very strong category, while the lowest is the one given by students with the code M32 with 67 points
and is in the strong category. Overall, the average student responded in a strong category, with 80.1
points. This shows that students consider the argumentation process important in laboratory activities.

CONCLUSION

Based on the results of research and discussion, several things can be concluded as follows: 1) The
application of inquiry laboratory activities that focus on scientific argumentation consists of preliminary
discussions before experiments, experiments implementation, observation of laboratory activity
results, and critical discussion of laboratory activity results; 2) The results of the analysis of the quality
of student argumentation show that students construct arguments that are relatively developed if
allowed to have critical discussions, especially after having experimental data; and 3) Students'
responses to arguments in laboratory activities are considered quite important in giving meaning to
laboratory activity results in mastery of concepts and critical thinking. Laboratory activities in courses
are not a barrier to the application of the argumentation process considering the magnitude of the
benefits provided. Argumentation in laboratory activities provides opportunities for students to
develop their critical thinking skills and provide answers to problems that occur in their daily lives using
experimental data. Therefore, laboratory activities in other courses should also develop argumentation
activities or critical discussions so that the benefits of argumentation can be felt by students on an
ongoing basis. In addition, to contribute to the scientific treasures of argumentation, it is necessary to
conduct further studies on the patterns of argumentation developed by students during lectures and
practicums, or laboratory activities.
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