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Abstract: This study aims to determine the significant effect of the argument driven
inquiry (ADI)-STEM learning model on numeracy literacy and scientific argumentation
skills of students on the subject matter of dynamic fluid class XI semester Il at SMAN 10
Medan T.P 2024/2025. This type of research is a quasi experiment and the research design
is a two-group pretest-posttest. The population in this research is the entire class XI of
SMAN 10 Medan T.P 2024/2025. The sample in this study consisted of two classes
selected randomly with simple random sampling technique, class XI IPA-1 as an
experimental class using argument driven inqiry (ADI)-STEM learning model with a
total of 36 students and class XI IPA-2 as a control class with conventional learning model
with a total of 31 students. The instrument in this study was a test in the form of a 10
question essay. Data analysis was used with manova test. The results of the study were
obtained with the average value of the numeracy literacy pretest of the experimental class
and control class 53.89 and 54.19 respectively while the scientific argumentation of the
experimental class and control class 52.22 and 51.68 respectively. The average post-test
scores of numeracy literacy of experimental and control classes were 83.22 and 71.48
respectively while scientific argumentation of experimental and control classes were
86.78 and 70.90 respectively. Data analysis using manova test concluded that there is a
significant effect of argument driven inquiry learning model on numeracy literacy and
scientific argumentation.

Keywords: Argument Driven Inquiry (ADI) Model; Numeracy Literacy; Scientific
Argumentation; STEM

Introduction

The paradigma shift in Indonesia's curriculum
towards an independent curriculum focuses on
developing students' overall potential. The independent
curriculum aims to improve the quality of education in
Indonesia (Hutagalung and Kurniati, 2024). In order not
to fall behind other countries in the world, an
independent curriculum has become the choice for
educational  recovery  (Nugraha, 2022). The
implementation of the independent curriculum
emphasizes differentiated learning, which focuses on
how teachers address students' strengths and needs to be
more proactive in the learning process (Tami and
Friyatmi, 2023).

How to Cite:

In line with the implementation of the independent
curriculum, 21st century learning must be able to
improve the competitive skills needed with a focus on
strengthening numeracy literacy and scientific
argumentation, which are expected in the learning
process (Melta et al, 2024). According to the National
Literacy Movement (Kemendikbud 2017), mastering the
six basic literacy components is crucial, including
language literacy, numeracy, digital literacy, scientific
literacy, financial literacy, and cultural and civic literacy.
According to Abidin et al. (2018), literacy involves
utilizing language and visuals to critically understand
and communicate information through various media.
Ekowati et al. (2019) state that literacy is related to an
individual's ability to understand, process, and give
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meaning to information and knowledge obtained.
Winata et al. (2021) define numeracy as the ability to use
number concepts, arithmetic operations, and numerical
data interpretation to solve problems. According to
Oktariya et al. (2023), numeracy encompasses the ability
to think logically wusing procedures, facts, and
mathematical tools to solve contextual problems, as well
as the application of number concepts and arithmetic
skills.

Numeracy literacy encompasses the understanding
and analysis of statements based on symbols and
language that are often encountered in everyday
contexts (Chairunnisya et al.,, 2023). Hadi and Zidah
(2021) state that numeracy literacy is the ability of
students to use mathematical concepts in reasoning,
analysis, and interpretation of data (such as text,
symbols, graphs, and numbers) to solve everyday
problems. Nurjumiati et al. (2022) state that numeracy
literacy is the ability of students to apply number
concepts from arithmetic operations in everyday life.
Numeracy literacy can connect the mathematics learned
with real-world situations (Mutmainah, 2023). The
Minimum Competency Assessment (AKM) evaluates
students' reasoning ability in solving problems that
require basic mathematical knowledge to solve.
Numeracy literacy is one example of this (Izzatin et al.,
2022).

In addition to numeracy literacy skills, scientific
argumentation is very important for students. One of the
skills that students must possess is argumentation,
defined as a structured component used to solve
problems by employing argumentative statements
(Widhi et al, 2021). Roja et al. (2020) state that
argumentation is one of the skills students must possess
to connect what they learn with what they do in their
daily lives.

The quality of an argument can be assessed using
empirical and theoretical criteria. Empirical criteria can
be seen through the consistency of claims with evidence,
the sufficiency of evidence, the predictive power of
claims, and quality, while theoretical quality is measured
by how complete the explanation is, whether it is useful,
and whether it is consistent with other ideas (Suganda et
al., 2021). Developing scientific arguments is very
important because it can teach scientific thinking,
communication, and acting like a scientist (Fakhriyah et
al., 2021).

Students' numeracy and scientific reasoning skills
can be tested using the PISA test, which can be taken by
students from various countries. Indonesia's PISA scores
have declined, particularly in the areas of numeracy and
scientific reasoning, with the 2018 PISA results showing
a decline (Viyanti et al, 2023). Supported by research by
Sartianis (2022), it was revealed that Indonesians are still
very lacking in numeracy literacy and far behind other
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countries. Similarly, research by Nisak and Suprapto
(2022) found that in learning activities, many students
still have low scientific argumentation skills, which
affects their learning outcomes and overall life, including
the possibility of losing good job opportunities. In line
with Ayana et al.'s (2022) research, it was revealed that
many students are still asked to collect data, but when
involved in argumentation, they find it difficult to
present their arguments.

Observational data collected by researchers at SMA
Negeri 10 Medan indicate that students' numeracy and
scientific argumentation skills are still relatively low.
Many students are unable to use symbols and numbers
in problem-solving contexts and have difficulty
evaluating data presented in diagrams, tables, and
graphs, indicating a low level of numeracy. Specifically
regarding dynamic fluid material, students appear to
face challenges in interpreting the relationships between
physical variables such as pressure, velocity, and cross-
sectional area. Previous studies indicating that most
students struggle to read and analyze data from various
visual representations reinforce these findings (Faqih et
al., 2022; Rahman et al., 2023).

Students' scientific argumentation skills are also
still relatively low. It appears that some students find it
difficult to make claims about a phenomenon, are unable
to analyze data, explain the relationship between data
and phenomena, and are unable to provide support with
data from that phenomenon. Students are also unable to
formulate claims based on data and experience
difficulties in constructing valid, evidence-based
arguments (Pitorini et al., 2020; Sari et al., 2021). Another
phenomenon identified by researchers is that when
using essay-based tests on physics material, particularly
dynamic fluid material, students still struggle to analyze
questions presented in the form of diagrams, tables, and
graphs. They also fail to use symbols and numbers to
solve problems, making it difficult to make predictions
in the decision-making process. Additionally, students
are unable to claim a phenomenon and cannot provide
opinions based on valid data, making it difficult to

provide counterarguments and support for the
phenomenon.
Students still lack numeracy and scientific

reasoning skills, as evidenced by their declining average
scores. In 2021-2024, students scored < 75. The average
scores obtained by students are presented in Table 1.

Table 1. Student Learning Outcomes at SMAN 10
Medan

Year Average Score Subject
2021/2022 60 Physics
2022/2023 65 Physics
2023/2024 60 Physics
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Teacher-centered learning processes still influence
students' abilities, as many students feel passive and lack
participation in class. The learning received by students
does not match their needs. As a result, they face
difficulties in analyzing readings in various formats and
fail to use various types of symbols and numbers to solve
problems and draw conclusions about what they have
learned. Students are unable to claim a phenomenon and
cannot provide opinions based on valid data, making it
difficult to provide counterarguments and support for
the phenomenon. At the same time, the learning process
has been implemented using a group system, but there
are no practical activities that encourage students to
claim a phenomenon for analysis and use it as data to
support their arguments. In the learning system,
modeling can only be applied to students who have the
ability to argue (Dulim and Madlazim, 2022).

Researchers conducted interviews with physics
teachers at SMA Negeri 10 Medan and found that
although some students actively participated in class
discussions, most students tended to be passive. Low
participation during discussions or group learning
indicates a lack of reinforcement of argumentation skills
in the learning process (Puteri et al., 2025; Admoko et al.,
2022). The implementation of a learning model that still
relies on conventional teaching methods makes it
difficult for students to obtain the best explanations that
clearly connect claims with evidence. Siregar and
Pakpahan (2020) state that the teaching provided is too
teacher-centered, thereby failing to accommodate
students' scientific arguments; in other words, their
teaching cannot accommodate students' scientific
arguments.

The approaches used by teachers are still not very
diverse, especially when it comes to science, technology,
engineering, and mathematics (STEM), so students aren't
able to combine media use with learning, which means
the learning process isn't working as well as it could.
STEM is a bunch of related fields, where science needs
math to process data, and engineering and technology
are applications of science (Hermanto et al, 2025).
Through the systematic integration of knowledge,
concepts, and skills, the STEM approach is expected to
provide meaningful learning for students: 1. Asking
questions and identifying problems, 2. Building and
using models, 3. Planning and conducting
investigations, 4. Analyzing and interpreting data, 5.
Utilizing computational, information, and computer
technology skills, as well as mathematics, 6. Building
scientific truths and developing problem-solving
approaches (engineering), 7. Making arguments based
on facts, and 8. Developing theories based on evidence
(Putra et al., 2023).

Facing the 21st century, students need to master
several skills, such as numeracy literacy and scientific
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argumentation. One approach that is considered
effective in addressing these issues is the
implementation of an integrated STEM argument-driven
inquiry (ADI) learning model. The application of the
ADImodel can improve students' numeracy literacy and
scientific argumentation skills. The ADI model guides
students to conduct scientific investigations, formulate
hypotheses, perform experiments, interpret data, and
construct arguments based on the evidence obtained
(Purnomo et al., 2023; Manurung et al., 2020). In line with
Syargiy et al. (2023), who state that ADI learning with a
laboratory can develop students' argumentation and
creativity skills. ADI learning assisted by a laboratory
can significantly improve scientific argumentation skills
(Fuadah et al., 2023).

The implementation of the ADI learning model is
necessary to prepare students for the world of work, and
one way to do this is to integrate science, technology,
engineering, and mathematics (STEM) into the learning
process. Learning using the ADI model with the STEM
approach can better develop numeracy and
argumentation skills because students are able to
generate creative solutions and become self-regulated
learners who think critically and are encouraged to
express their opinions and arguments regarding a
problem. In line with Hikmah et al. (2023), who stated
that the ADI model integrated with STEM can train
students' argumentation and self-efficacy skills,
enabling them to provide solutions to problems in
presenting their ideas, opinions, or perspectives. This is
supported by research by Nurhidayati et al. (2023),
which revealed that argumentation skills are influenced
by the ADI STEM learning model. Integrated STEM
learning in education can enhance numeracy literacy
and equip students with logical, critical, creative
thinking skills, as well as the ability to collaborate in
presenting arguments (Kelana et al., 2020). Based on the
above discussion, it is important for researchers to
conduct a study titled “The Influence of the Argument
Driven Inquiry (ADI)-STEM Model on Students'
Numeracy Literacy and Scientific Argumentation Skills.

Method

The research was conducted at SMA Negeri 10
Medan which is located at Jalan Tilak No. 108 and
conducted on students of class XI semester II T.A
2024/2025. The research time was held in January -
March 2025. This type of research includes quasi
experiment. The population in this study were all
students of class XI IPA SMA Negeri 10 Medan in the
school year 2024/2025 semester II consisting of six
classes. The sample in the study consisted of two classes
randomly selected by simple random sampling

technique. The type of research is a quasi experiment
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presented in a two-group pretest-post-test design. The
data collection techniques used in this study were
observation, interviews, and numeracy literacy and
scientific argumentation tests.

Result and Discussion

Pretest Data Analysis of Experimental and Control Classes

Table 2. Numeracy Literacy Pretest Data
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Pretest data analysis was conducted with the aim of
measuring students' initial abilities before receiving the
learning process. Students' numeracy literacy and
scientific argumentation skills were measured by giving
numeracy literacy and scientific argumentation tests of
10 questions each. The results of pretest data obtained
from experimental and control classes are presented in
Table 2 and Table 3.

Class N | minimum value maximum value Average Standard Deviation
Experiment 36 36 76 5.89 9.15
Control 31 36 71 54.19 10.00
Table 3. Scientific Argumentation Ability Pretest Data

Class N | minimum value maximum value Average Standard Deviation
Experiment 36 32 67 52.22 7.02
Control 31 36 77 51.68 9.96

Normality Test Pretest

The normality test in this study used Shapiro Wilk
with the help of the SPSS 25.0 program with the
condition that if the sig value. > 0.05, it can be concluded
that the data is normally distributed otherwise, if the sig
value. <0.05, it is concluded that the data is not normally
distributed. The results of testing the pretest data of
numeracy literacy and scientific argumentation of
students in the experimental class and control class
obtained are presented in Table 4.

Table 4. Normality Test of Pretest Data

Ability Class Sig Conclusion
Numeracy Literacy Experiment 0.088 Normal

Control 0.219 Normal
Scientific Experiment 0.067 Normal
Argumentation Control  0.058 Normal

Homogeneity Test of Pretest Data

The homogeneity test of numeracy literacy and
scientific argumentation pretest data in experimental
and control classes was carried out with the Levene
Statistic test with the help of the SPSS 25.0 program with
the condition that if the sig value. > 0.05 it is concluded
that the data variance is homogeneous, otherwise if the
sig value. <0.05 it is concluded that the data variance is
not homogeneous. The results of the homogeneity test of
the numeracy literacy and scientific argumentation
pretest data obtained are presented in Table 5.

Table 5: Homogeneity Test of Pretest Data

Ability Sig conclusion
Numeracy Literacy 0.490 Homogen
Scientific 0.018 Homogen
Argumentation

Pretest Similarity Test

The hypothesis test used is the manova test using
the help of the SPSS 25.0 program, which is to measure
differences in different observation groups in data
analysis. If the sig value. > 0.05 then Ho is accepted and
Ha is rejected, if the sig value. <0.05 then Ho is rejected
and Ha is accepted. The results of the pretest hypothesis
test using the manova test are presented in Table 6.

Table 6. Pretest Manova Test Results

Effect sig.
Pillai’s Trace 0.960
Wilks” Lambda 0.960
Hotelling’s Trace 0.960
Roy’s Largest Root 0.960

Based on the results of the pretest manova test in
Table 6, the significance value of Pillai's Trace, Wilks'
Lambda, Hotelling's Trace, Roy's Largest Root is greater
than 0.05 or 0.960> 0.05 so it is concluded that Ho is
accepted and Ha is rejected in the event that there is no
significant difference between the experimental class
and the control class in numeracy literacy and scientific
argumentation.

Post-test Data Analysis of Experimental and Control Classes

The two samples have been given different
treatments, the experimental class is given learning by
applying the argument driven inquiry (ADI)-STEM
learning model and in the control class the conventional
model is applied. Post-test data was obtained after the
learning process was completed by giving numeracy
literacy and scientific argumentation tests that were
identical to the pretest test instruments in both samples.
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The post-test data obtained from the experimental and
control classes are presented in Table 7 and Table 8.

Table 7. Numeracy Literacy Posttest Data

August 2025, Volume 11, Issue 8, 1275-1288

Class N Minimum value = Maximum value Average Standard Deviation
Experiment 36 72 100 83.22 6.40
Control 31 56 84 7148 9.22
Table 8. Posttest Data of Scientific Argumentation Ability

Class N Minimum value Maximum value Average  Standard Deviation
Experiment 36 72 100 86.78 7.27
Control 31 56 84 70.90 8.03
Normality Test Posttest both sample groups. Post-test manova test by

The normality test in this study used Shapiro Wilk
with the help of the SPSS 25.0 program with the
condition that if the sig value. > 0.05, it can be concluded
that the data is normally distributed otherwise, if the sig
value. <0.05, it is concluded that the data is not normally
distributed. The results of testing the posttest data of
numeracy literacy and scientific argumentation of
students in the experimental class and control class
obtained are presented in Table 9.

considering the results of Pillai's Trace, Wilks' Lambda,
Hotelling's Trace, Roy's Largest Root by using the SPSS
25.0 program. The basis for decision making in research
for the manova test if the sig value. > 0.05 then Ho is
accepted and Ha is rejected, if the sig value. <0.05 then
Ho is rejected and Ha is accepted. The results of the
posttest hypothesis test using the manova test are
presented in Table 11.

Table 11. Postest Manova Test Results

Table 9. Normality Test of Posttest Data Effect sig.
Ability Class Sig  Conclusion Pillai’s Trace 0.000
Numeracy Literacy Experiment  0.169 Normal Wilks” Lambda 0.000

Control 0.022 Normal Hotelling’s Trace 0.000
Scientific Experiment  0.057 Normal Roy’s Largest Root 0.000
Argumentation Control 0.015 Normal

Homogeneity Test of Posttest Data

The homogeneity test of numeracy literacy and
scientific argumentation Posttest data in experimental
and control classes was carried out with the Levene
Statistic test with the help of the SPSS 25.0 program with
the condition that if the sig value. > 0.05 it is concluded
that the data variance is homogeneous, otherwise if the
sig value. <0.05 it is concluded that the data variance is
not homogeneous. The results of the homogeneity test of
the numeracy literacy and scientific argumentation
posttest data obtained are presented in Table 10.

Table 10: Homogeneity Test of Posttest Data

Ability Sig conclusion
Numeracy Literacy 0.013 Homogen
Scientific 0.411 Homogen
Argumentation

Hypothesis Testing

Post-test hypothesis testing with manova test was
used to determine the effect of ADI-STEM on numeracy
literacy and scientific argumentation skills of students in

Based on the results of the pretest manova test in
Table 11, the significance values of Pillai's Trace, Wilks'
Lambda, Hotelling's Trace, Roy's Largest Root are
greater than the significance level (a) = 0.05 or 0.000
<0.05 so it is concluded that Ho is rejected and Ha is
accepted in terms of there are significant differences
between experimental and control classes in numeracy
literacy and scientific argumentation after the
application of the ADI-STEM model.
correlation test

The correlation test was used to test the
relationship/correlation between numeracy literacy and
scientific argumentation with the application of the ADI-
STEM model. Correlation testing uses the SPSS 25.0
program with product moment correlation. The criteria
for testing the correlation is done if the sig value. <0.05
then the two variables show a significant relationship
otherwise if the sig value. > 0.05 or negative then the two
variables are not correlated or not significantly related.
The results of Pearson correlation and Significance
between numeracy literacy and scientific argumentation
of students are presented in Table 12.
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Table 12. Relationship between Numeracy Literacy and Scientific Argumentation

Numeracy Literacy Scientific Argumentation

Pearson Correlation
Sig.(2-tailed)

N

Pearson Corelation
Sig.(2-tailed)

N

Numeracy Literacy

Scientific Argumentation

1 0.755

0.000

36 36

0,.755 1
0.000

36 36

Based on Table 12, the Pearson correlation shows a
value of 0.755, it is concluded that the level of
relationship between numeracy literacy and scientific
argumentation is positive, where the level of
relationship between the two variables is reciprocal and
the correlation coefficient is in the high category
(Arikunto, 2017). Based on the sig value. (2-tailed) < 0.05
or 0.000 < 0.05, it is concluded that numeracy literacy and
scientific argumentation of students have a significant
relationship after the application of ADI-STEM. The
graph of the strength level of the relationship between
numeracy literacy and scientific argumentation is
presented in Figure 1.

Argumentasi limiah

o0 100

Literasi Numerasi
Figure 1. Graph of the Level of Relationship between
Numeracy Literacy and Argumentation

Based on Figure 1, it shows that numeracy literacy
and scientific argumentation have a positive
relationship. This means that the higher the numeracy
literacy value, the higher the scientific argumentation
value. The value of R2 =0.570 and the value of R is 0.755
indicating that the correlation between numeracy
literacy and argumentation is in the high category. The
regression equation obtained from Figure 4.1 is Y =15.42
+0.86X meaning that the value (a) or a positive constant
of 15.42. The regression coefficient value (b) is 0.86
(positive), which shows a linear effect.

Normalized Gain Test (N-gain).

The improvement of students' numeracy literacy
skills and scientific argumentation can be calculated by
the Normalized Gain (N-gain) test where if g > 0.7 is
categorized as high, 0.3 < g > 0.7 is categorized as
medium and if g < 0.3 is categorized as low. The average
value of pretest and posttest in experimental class and

control class will be analyzed as a whole. The N-gain
increase in numeracy literacy based on the overall
pretest and posttest is presented in Table 13.

Table 13. Numeracy Literacy N-gain Improvement

Class Average | Average | N-gain Categori
Pretest Pretest

Experiment 51.78 83.22 0.62 | Medium

Control 54.19 73.68 0.35 Medium

Based on Table 13, it is known that the increase in
N-gain of numeracy literacy in the control class of 0.35 is
categorized as moderate and the experimental class is
0.62 in the moderate category. The mean scores of the
pretest and posttest in the control class and experimental
class were also analyzed as a whole. The N-gain increase
in scientific argumentation based on the overall pretest
and posttest is presented in Table 14.

Table 14.  Scientific =~ Argumentation  N-gain

Improvement

Class Average Average N-gain  Categori
Pretest Pretest

Experiment 5222 86.78 0.71 High

Control 51.68 70.52 0.38  Medium

Based on Table 14, it can be seen that the N-gain
increase in scientific argumentation in the control class
of 0.38 is categorized as low and the experimental class
of 0.71 is in the high category. The experimental class N-
gain was higher than the control class for numeracy
literacy and scientific argumentation.

The Effect of Arqument Driven Inquiry (ADI)-STEM Model
on Numeracy Literacy and Scientific Arqumentation Skills
Numeracy and scientific reasoning literacy are two
skills that are needed in education. Students' numeracy
and scientific reasoning literacy skills greatly influence
problem solving, decision making, and understanding
concepts in various aspects of life, including science,
technology, and mathematics. Low numeracy and
scientific argumentation skills are characterized by
students who have difficulty using numbers and
symbols related to mathematics to solve problems in
everyday life, difficulty analyzing information
presented in various formats, and inability to make

predictions when making decisions. Meanwhile,
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scientific argumentation skills are characterized by
students who tend to be passive in expressing arguments
or opinions in learning activities.

The study was conducted on two groups consisting
of an experimental class and a control class. The
experimental class applied the argument-driven inquiry
(ADI) model combined with the STEM approach, while
the control class used conventional learning methods.
The application of the STEM-based ADI model in the
experimental class was carried out through the
following stages:

Problem: Weak Water Pressure on the Upper Floors of Multi-
Story Houses
1. Identify tasks and questions

Why is water pressure on upper floors often weaker
than on the ground floor in multi-story houses or tall
buildings? Even though the water source comes from the
same tank.

Students understand the concept (science) of
substances flowing through pipes with different cross-
sectional areas and differences in fluid pressure at
heights from a specific reference point, especially in
dynamic fluids. Students then analyze this in developing
the claim that the larger the cross-sectional area of the
pipe through which the fluid flows, the smaller the fluid
velocity, and vice versa. Furthermore, if the fluid
velocity increases, it will cause a decrease in pressure in
the fluid flow. This is supported by (Mulyani, 2019),
which shows that through science learning, students are
able to recognize a concept or knowledge, especially in
literacy skills.

2. Planning and conducting investigations (conducting
experiments).

Students designed an experiment by applying
scientific concepts to engineering through the use of
pipes (technology) and installing them at different
heights to supply water from the tank. The students
observed that when the upper water was turned on at a
height of (h2), the fluid pressure (P2) decreased and the
velocity (v2) increased, while at a height of (h1), the
pressure (P1) increased, but the velocity (v1) decreased.
This data was used by students to support their claims
in formulating their hypotheses. Research conducted by
(Sulistiwati, 2021) shows that learning involving
technology makes the process of knowledge transfer
easy, comfortable, and effective and can influence
students' mathematical literacy skills.

3. Analyze (interpret data).

The information (data) obtained is then analyzed to
make the statement that students interpret the data using
the continuity principle formula (A1 = Avn) and
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Bernoulli's principle (P + %2 pv2 + pgh = constant)
(mathematics) to connect the data with the claims they
obtain as warrants and interpret them in the form of
reports. Research conducted (Fitria & Azrial, 2021;
Muhiddin & Agussalim, 2023) Research applying the
ADI learning model and related to STEM components
offers students the opportunity to understand the
concepts of physics (science) and engineering
(technology), engineering, and mathematics through
discussions, practicums, and projects. This research
shows that this can improve students' scientific
argumentation skills.

4. Using mathematics and computational thinking.

This stage encourages students to use various
numbers and symbols. The use of mathematics aims to
solve problems using formulas. In accordance with the
data obtained by students previously, this stage
encourages students to formulate claims in accordance
with the problem (qualifier). Results confirmed by (Aulia,
2023; Syahmani, 2021; Sulistianingsih & Yanto, 2024)
show that the stages applied in the STEM approach and
ADI learning model can improve students' mathematical
abilities and have a positive impact on their ability to
argue scientifically.

5. Developing explanations.

This stage encourages students to explain using the
concepts of continuity and Bernoulli's principle in
interpreting the results of analysis from previous
experiments to make predictions and decisions about
their observations. The results of these predictions and
decisions. Students use measuring instruments
(manometers, stopwatches, and water pipes) to obtain
experimental data to construct explanations in
presenting their arguments.  Students apply the flow
rate formula Q = A.v, the principle of continuity (A1v; =
Axv), and Bernoulli's principle (P + 2 pv2 + pgh =
constant) as evidence in their explanatory arguments.
The results of the study (Astuti et al., 2023; Simatupang
et al.,, 2024) support the idea that providing students
with an understanding of science concepts and the
application of that knowledge with their skills in design
or engineering and mathematical abilities for analytical
calculations can improve their thinking and reasoning
abilities, especially in terms of literacy and
argumentation skills.

6. Engage in evidence-based argumentation.

At this stage, students communicate their ideas in
accordance with scientific fluid concepts, then write
down their observations and present well-reasoned
arguments. Based on the data obtained, students provide
rebuttals. Students use the principle of continuity (Alv2
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= A2v2) and Bernoulli's principle (P + %2 pv2 + pgh =
constant) where if the fluid velocity increases, it will
affect the pressure (P) decreasing, or the height (h)
decreasing as evidence in presenting their arguments.
These results are confirmed by (Pramesti et al, 2022) that
the application of the ADI model with STEM can
influence students' scientific literacy and argumentation
skills.

7. Obtain, evaluate, and communicate information.

At this stage, researchers encourage students to
evaluate information through investigations that have
been carried out and then communicate the results of the
experiments to be interpreted with their respective
groups. Students formulate reasons that are correct
according to the principle of continuity (Alv2 = A2v2)
and Bernoulli's principle (P + %2 pv2 + pgh = constant).
These are reasons to support the warrant in the form of
backing. The results of applying the ADI model are
supported by research conducted by Nasution (2019),
which found that the ADI model can have a significant
effect on students' scientific argumentation skills.

The results obtained through the application of the
ADI model combined with STEM in the experimental
class had a positive impact on numeracy literacy and
scientific argumentation skills. This was demonstrated
by an increase in students' numeracy literacy and
scientific argumentation scores obtained through pre-
tests and post-tests given to students during the learning
process. Meanwhile, in the control class, which used
conventional learning methods, there was no significant
effect on students' numeracy literacy and argumentation
skills. The application of the ADI-STEM model provides
support by facilitating students in developing numeracy
and argumentation skills through science, technology,
engineering, and mathematics (STEM). These results are
reinforced by (Nurhidayati et al.,, 2023) that the ADI
learning model with a STEM approach can improve
students' literacy and scientific argumentation.

Based on the syntax of the ADI model, ADI has a
significant and positive influence on numeracy literacy.
Students in analyzing information obtained a score of
78%, students in using various numbers and symbols
and solving problems obtained a score of 85%, and
students who could interpret the results of the analysis
to make predictions and decisions obtained a score of
83%. These results are supported by (Fadlika et al., 2022)
that the ADI model can improve numeracy literacy
skills. Furthermore, the ADI model also has a
relationship with scientific argumentation, as this model
provides students with the opportunity to develop their
own methods. Through this argument-based and
inquiry-based learning model, students were able to
formulate a conclusion (claim) and obtained a score of
85%. Students analyzed data to support the claim (data)
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and obtained a score of 86%. Students analyzed
statements in explaining the relationship between data
and claims (warrant) and obtained a score of 93%.
students are able to formulate claims in accordance with
the problem (qualifier) with a score of 87%, students can
explain the relationship between data and warrant
(rebuttal) with a score of 78%, and students can make a
reasoned argument to support the data obtained
(backing) with a score of 78%. These results are
confirmed by (Utami et al, 2022) that through the
application of the ADI model, students' scientific
argumentation skills can improve. This is in line with the
stages of the model applied, which encourage students
to be active subjects who are directly involved in the
scientific process from the beginning to the end of
learning.

Based on the syntax, ADI focuses students more on
solving contextual problems. The stages of the ADI
model greatly contribute to students' numeracy and
scientific argumentation literacy skills, but some stages
play a more dominant role in each skill. In the second
ADI syntax, planning and conducting investigations are
more dominant in numeracy literacy and scientific
argumentation skills. Students conduct experiments and
then collect data for analysis through measurements by
linking concepts (science) to understand phenomena in
developing claims and justifying evidence based on
experiments. These results are supported by research by
Eymur & Cetin (2024), which states that ADI supports
students' literacy skills and argumentation using claims,
evidence, and justification of evidence.

The third ADI syntax analyzes and interprets data.
This stage is more inclined towards numeracy literacy,
how students analyze or interpret data to make
predictions in decision-making using physics formulas
to obtain valid data. Ambarwati et al, (2024) found that
applying the ADI model has an effect on mathematical
literacy and communication.

The fourth syntax of ADI uses mathematics and
computational thinking. This stage emphasizes
numeracy and scientific argumentation skills. By
applying mathematics with various symbols and
numbers in solving everyday problems, students are
encouraged to formulate claims in accordance with the
problem (qualifier). Hidayat & Aripin (2019) revealed
that this stage of the ADI model helps students in
arguing, especially when they find solutions to
problems, and assists students in the process of problem
solving through mathematics.

The fifth ADI syntax builds explanations. This stage
further enhances scientific argumentation skills in
drawing conclusions to make statements based on
evidence. Research conducted by Epriliyani & Deta
(2025) reveals that through the ADI model with a STEM
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approach, students' scientific argumentation skills are at
a high level.

The sixth syntax of ADI involves evidence-based
argumentation. Argumentation skills are emphasized
more at this stage in presenting arguments with strong
reasoning and valid data. This can provide opportunities
for students to engage in scientific practices, such as
formulating arguments, analyzing data, and
communicating findings based on existing evidence
(Erenler et al., 2024).

The fifth ADI syntax builds explanations. This
phase further enhances scientific argumentation skills in
drawing conclusions to make statements based on
evidence. Research by Epriliyani & Deta (2025) shows
that the ADI model with a STEM approach leads to high-
level scientific argumentation skills in students.

The sixth syntax of ADI concerns evidence-based
argumentation. Argumentation skills are emphasized
more in this phase, in presenting arguments with strong
reasoning and valid data. This can provide students with
opportunities to engage in scientific practices, such as
formulating  arguments, analyzing data, and
communicating findings based on existing evidence
(Erenler et al., 2024).

Relatie  tussen
argumentatie

Numeracy and scientific reasoning are two
fundamental aspects that cannot be separated. The
relationship between numeracy and students' scientific
reasoning has a high and significant correlation. The
strength of the relationship between these two aspects is
influenced by the application of the STEM-based ADI
learning model. Numeracy can begin with analyzing
presented information, after which students are able to
use different types of numbers and symbols.
Furthermore, students can interpret the results of the
analysis to make predictions and decisions. This activity
can enhance students' ability to provide arguments for
claims, then analyze data to support claims, and finally,
students can explain and formulate reasons to support
claims by providing justification. Numeracy and
scientific reasoning should be integrated into the
learning process through the application of the ADI
model in combination with STEM.

The results of the correlation test were conducted to
determine the relationship between variables.
(Bestiantono, D.S., 2020) suggests that the level of the
relationship between scientific literacy and scientific
argumentation is significant through the ADI model
response. The relationship between arithmetic skills and
scientific argumentation was found to be 0.728. This
figure shows the strong correlation between arithmetic
skills and scientific argumentation. Based on the
obtained significance value of 0.000 <0.05, it is concluded

rekenvaardigheid en  wetenschappelijke
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that the relationship between arithmetic skills and
scientific argumentation is positive, meaning that the
relationship is unidirectional: as arithmetic skills
increase, scientific argumentation skills also increase,
and conversely, as arithmetic skills decrease, scientific
argumentation skills also decrease. These results are
supported by research (Anjiani & Bestiantono, 2023) that
has shown that improving arithmetic skills
simultaneously affects scientific argumentation skills.
These results are supported by research (Anjiani &
Bestiantono, 2023) that showed that improving reading
and writing skills simultaneously affects scientific
argumentation skills through the application of the ADI
model.

Conclusion

The results of the study show that there is a
significant effect on the numeracy literacy and scientific
argumentation abilities of students in class XI IPA 1 at
SMA Negeri 10 Medan about fluid dynamics with the
application of the STEM-based ADI model. Based on the
results of statistical tests, the application of the STEM-
based argument-driven inquiry (ADI) model has a
significant effect on students' numeracy, literacy, and
scientific argumentation skills. However, in the process
of implementing the STEM aspect, the emphasis is
placed on the project design. This research only makes
the project design, but the production of the project has
not been fully implemented. Therefore, some
suggestions from researchers include: The need to
improve the implementation of STEM projects. Further
research can be conducted on other physics materials to
see the consistency of the effect of the ADI-STEM model
on different aspects of students' skills, as well as adding
other variables such as creativity or teamwork..
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