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Abstract

The pervasive issue of low proficiency in science education among Filipino learners can be addressed by implementing
the Argument-Driven Inquiry (ADI) model. This study aims to enhance the scientific argumentation skills of Grade
10 students using ADI. It investigates learners' cognition, misconceptions in third-quarter science lessons, and their
experiential exposure through concrete experience, reflective observation, abstract conceptualization, and active
experimentation. The research evaluates the effectiveness of ADI lesson exemplars concerning clear learning
objectives, building on prior knowledge, engaging opening activities, effective instructional strategies, and closure.
Furthermore, it assesses the pre- and post-performance of students' scientific argumentation skills, focusing on claims,
evidence, and reasoning, and examines significant differences in performance after implementing ADI lessons.
Employing a descriptive-developmental research design, 63 Grade 10 students from Nabangka National High School
were purposively selected. Various instruments, including a multiple-choice exam, two-tier True or False test, and
survey questionnaires, were validated and administered to gather data. The study spanned February and March 2024,
involving pre-assessment, ADI lesson execution, and post-assessment. Results indicate varied cognitive abilities,
highlighting the need for targeted educational interventions. High misconceptions necessitate corrective instructional
strategies, and low experiential exposure suggests a need for higher-order thinking activities. ADI lesson exemplars
effectively engaged students and improved their scientific argumentation skills, with significant gains in claims,
evidence, and reasoning. Positive feedback from students underscored improvements in investigative skills and
collaborative learning experiences, validating the efficacy of ADI in fostering critical scientific skills and deeper
learning retention.

Keywords: Argument-driven Inquiry, Scientific Argumentation Skills

1. Introduction

In the Philippines, one of the primary agendas of the Department of Education is to strengthen science
education. This is evident in the K to 12 science curricula, which emphasize the need for learners to demonstrate an
understanding of science concepts and the application of science inquiry skills—both essential for becoming
scientifically literate individuals. According to the Organization for Economic Cooperation and Development
(OECD), a scientifically literate person should be able to interpret and make sense of basic scientific data and evidence
used to make claims and draw conclusions.

One significant component of scientific literacy is scientific argumentation, which supports student

involvement in authentic science learning by constructing, evaluating, and refining scientific claims through various
methods, practices, reasoning, and reflective participation (Purnomo et al., 2023). Scientific argumentation involves
understanding and applying argumentation skills, engaging students in producing evidence, testing and evaluating
theories, and communicating like scientists. Therefore, enhancing these skills can directly contribute to the primary
goal of the K to 12 curriculum by promoting a deeper understanding and application of scientific concepts.
Scientific argumentation is essential for developing and refining scientific knowledge. It fosters engagement in
scientific practices and enhances content knowledge (Dogomeo & Aliazas, 2022). This skill is crucial for students to
understand scientific concepts and the nature of scientific processes carried out by scientists (Grooms et al., 2015).
Training students in argumentation skills is vital for developing clear views, logical reasoning, and rational
explanations of the material. These skills equip students to explain everyday scientific phenomena based on science
concepts (Ginanjar & Utari, 2015). Given the emphasis on scientific literacy within the K to 12 curricula, focusing on
argumentation skills aligns with national educational goals and helps address current educational gaps.
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The OECD's 2023 Programme for International Student Assessment (PISA) revealed that Filipino pupils
performed poorly in math and science, ranking lower overall among 80 participating countries. Similarly, the Trends
in International Mathematics and Science Study (TIMSS) 2019 results showed that the Philippines scored significantly
lower in science (249) and mathematics (297) compared to other nations. These studies highlight the need to improve
the quality of the educational system in the Philippines and find effective educational strategies that address students'
needs. Improving scientific argumentation skills could be a critical component of this improvement, as it directly
impacts students' ability to engage with and understand scientific material.

Research by Fakhriyah (2021) indicates that the Argument-Driven Inquiry (ADI) learning model can improve
learners' scientific argumentative skills. According to Sampson et al. (2013), as cited by Sengul et al. (2021), the ADI
model helps teachers create classroom environments that facilitate explicit argumentation. Designed with social
constructivist theories, the ADI model integrates laboratory investigations and engages students in science and
engineering practices while emphasizing science content, the nature of science, and crosscutting concepts.
Implementing the ADI model could therefore address both the need for better scientific literacy and the specific
challenges identified by PISA and TIMSS.

Based on these discussions, the researcher conceived the idea of enhancing the scientific argumentative skills
of grade 10 students using argument-driven inquiry lesson exemplars. This approach aligns with the K to 12 curriculum
goals and addresses the identified deficiencies in scientific education in the Philippines, potentially leading to
improved student performance in national and international assessments.

1.1 Students Misconceptions

According to Martin et al. (2001), as cited by Soeharto et al. (2019), misconceptions are ideas or insights
from students who provide incorrect meaning constructed based on an event or personal experience.

According to Allen (2014), Science misconceptions are individual knowledge gained from educational
experience or informal events that are irrelevant or do not have meaning according to scientific concepts. Additionally,
misconceptions in science can be described as student ideas from life experience or informal education, which need
to be structured better and result in the incorrect meaning according to a scientific concept Soeharto et al., (2019).

Malaterre et al. (2023) revealed in their study that scientific misconceptions can lead to erroneous claims and
spread falsity through chains of ill-grounded inferences. Because scientists themselves hold them and precisely work
on formulating and justifying knowledge claims, one cannot exclude the possibility that these misconceptions appear
somewhere within the premises of other scientific inferences, thereby leading to other false claims and misconceptions.
As a result, internal misconceptions pose a direct threat to knowledge.

According to Kurtulus and Tatar (2021), 1 Misconceptions, which refer to the representations or conceptions
acquired mostly in informal settings, hinder meaningful learning. This suggests that teachers need to start their lessons
by first revealing the learner's previously gained ideas about different science concepts before giving the major idea
of the topic; it will help the students understand the topic more and avoid another misconception. Additionally, it also
the reason why it is also important that researchers identify what learners’ misconceptions in science are, how they
are formed, the sources of these misconceptions, and how they can be overcome Kurtulus and Tatar (2021)

Campbell et al.'s study (2013) emphasized the importance of examining student misconceptions and
correcting them with sense-making activities. These activities engage students in science and engineering practices
that will help them develop their understanding of disciplinary core ideas and crosscutting concepts and, subsequently,
the world around them.

1.2 Argument-Driven Inquiry

According to Purnomo et al. (2023), argument-driven inquiry (ADI) was developed by Sampson et al. (2009)
as an integrated learning unit to encourage students to participate in interdisciplinary work to enhance their'
understanding of essential and practical concepts. The ADI instructional model is not designed to be a curriculum;
rather, it is designed to serve as a template or a guide that instructors can use to create school science laboratory
experiences that are more authentic and educative for students. This model is designed to be a more authentic approach
to laboratory instruction than the “cookbook”-style activities that teachers often use because it provides students with
an opportunity to engage in the practices of science (Sampson et al., 2013).

According to Walker et al. (2016), the Argument-Driven Inquiry model (ADI) is a new model underlying the
roles of argumentation and inquiry in scientific education. It is an oriented learning model of inquiry syntax.
Additionally, they found that ADI allowed learners to improve their attitudes toward science and skills to argue
significantly, design, investigate, analyze, and interpret data.
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Demircioglu and Ucar's (2015) argument-driven inquiry (ADI) learning model is a laboratory-based learning
model that encourages students to engage in experimental and scientific argumentation activities. By applying ADI
learning, students are expected to practice their scientific argumentation skills (Noviyanti, 2020).

Demircioglu and Ucar (2015), claim that ADI can establish a more active learning atmosphere by inviting
learners to participate in the learning process. It is important because investigating science teaching will contribute to
science process skill development in a laboratory.

According to Sampson et al. (2013), as cited by Fakhriyah et al. (2021), the ADI learning model allows
learners to argue actively based on the surrounding observable phenomena in the laboratory. Learning with the ADI
model improves learners' science process skills, scientific—argumentative writing skills, and argument quality.

Cetin and Eymur (2017) proved that ADI allowed learners to engage with severe scientific presentation
practices, such as preparing, presenting, and revising their presentation; learners were also facilitated to develop
scientific presenting skills. Additionally, Erenler and Cetin (2019) state that ADI covers reflective argumentation and
a structured peer review process that influences the monitoring strategy.

According to Utami et al. (2022), argument-driven inquiry is a learning model that makes learning active. This model
benefits science teachers by helping them get used to learning that can stimulate scientific argumentation skills.
Additionally, this learning model facilitates students' stimulation of scientific arguments. However, the ADI model is
still rarely used in teaching and learning activities.

Rosidin (2019) discussed in his study why the ADI learning model was effective in enhancing students’ critical
thinking skills. Through the ADI learning model, students are trained to analyze arguments, starting from identifying
conclusions, identifying reasons, looking for similarities and differences, identifying and dealing with irrelevance,
searching for structural arguments, and summarizing.

1.3 Scientific Argumentation Skills

According to Samosa (2021), scientific argumentation is an essential practice in science education and serves

as fundamental knowledge and skills in scientific inquiry. Students engaging in scientific explanation not only promote
their understanding of science but also the nature of science. Since scientific knowledge is an explanation of natural
phenomena acquired by scientists using evidence they explored and supporting with scientific reasoning.
Kuki et al. (2023) defined argumentation skills as essential competencies for students to understand science concepts.
Additionally, an appropriate learning model is needed to practice argumentation skills. The Argument-Driven Inquiry
(ADI) learning model has been widely used to train students' argumentation skills. The ADI model facilitates teachers'
design of laboratory-based learning.

Bulgren & Ellis (2015) defined scientific argumentation as a practice present with the following components:
1. identifying a claim as presented in a written document or inquiry activity and analyzing the claim for qualifiers; 2.
identifying evidence, labeling the type of evidence, and judging the quality of the evidence; 3. identifying the
reasoning that led to the claim, labeling the type of reasoning and judging the quality of the reasoning; 4. presenting
rebuttals or counterarguments; and 5. concluding the claim, and explaining the reasoning that supported the
conclusion.

According to Grooms et al. (2015), scientific argumentation skill is the process by which science, as a

discipline, develops and refines knowledge. When scientists put forth arguments in support of new ideas, the claims,
supporting evidence, and rationales or justifications of evidence. Additionally, Argumentation skills become essential
competencies for students in understanding science concepts. learning by building arguments trains students to identify
several opinions and analyze the truth of opinions rationally and critically (Felton et al., 2015).
According to Parlan et al. (2020), scientific argumentation skill is essential to learning science. There is a link between
the ability to argue and academic achievement. Scientific arguments can help increase students' knowledge about
concepts, involvement in scientific work, and literacy. The importance of argumentation skills, therefore, necessitates
that such practices be encouraged and developed among students in science classroom learning environments (Ping,
2020).

Afandi (2017) emphasizes in his study that argumentation skills are needed in judgments to make decisions,

and the skills also include critical thinking skills. Therefore, argumentation skills can be considered part of Higher-
Order Thinking Skills (HOTS), which are urgent in 21st-century learning.
According to Rahayu (2023), Scientific argumentation skills are very important to be trained on students in science
learning. This is done so students can have a clear view, logical reasoning, and rational explanations regarding the
material being studied. Additionally, argumentation skills can equip students to provide explanations related to
scientific phenomena that occur in everyday life based on science concepts (Ginanjar & Utari 2015).
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Kurniasari & Setyarsih, (2017) found out in their study that scientific argumentation skills have an essential
role in science, which is less applied in science programs and activities in the laboratory. Another point is that students
hardly practice arguing scientifically in schools with no student-centered system because teaching is focused on the
teacher, which represses students' ability to discuss. Moreover, scientific argumentation skill plays a major role in
training students to develop their thinking skills to strengthen their knowledge (Devy et al., 2020).

Mao et al. (2018) argue that scientific argumentation is an important competency in scientific inquiry. It is a
cognitive skill that tends to be complex, requiring reasoning between theory and evidence and critical thinking.
Students' ability to explain scientific phenomena based on evidence/data, theory, and valid reasoning can be reflected
in this competency (Rahayu, 2017; Samosa, 2021).

The argumentation skills are highly necessary for scientists and students. Thus, helping students to develop
good argumentation skills and supporting students to be able to carefully consider information and reason about
situations are critical for preparing students to be able to effectively make decisions about problems in society.
Therefore, the promoting argumentation skills in school will be important for driving the progress of science,
technology, and society. In the science classroom, educators wish to cultivate students who are knowledgeable in
science and who can collaborate effectively (Songsil et al., 2019).

Songsil et al., (2019) also emphasize in their study that scientific argumentation skills play an important part
in the science classroom because each student can share their ideas on socio-scientific issues. Moreover, In the context
of science education, a scientific argumentation can be seen as a decision based on a scientific proposal or proposition
and presents an alternative viewpoint for scientific interpretation (Iordanou & Constantinou, 2015).

1.4 Experiential Learning

Experiential learning is the practical application inspired by the ideals of pragmatism in philosophy applied
in education. It is a prominent modern educational theory in the 20th century, associated with names of leading
educators such as William James, John Dewey, Jean Piaget, Vygotsky, Lewin, George Santayana and David Kolb.
(Giac, 2017).

According to Butler et al. (2019), Experiential Learning is a method of teaching that allows learners to learn
while “Do, Reflect, and Think and Apply”. Students take part in a tangible experience (Do), replicate that experience
and other evidence (Reflect), cultivate theories in line with experiences and information (Think), and articulate an
assumption or elucidate a problem (Apply). Moreover, It is a strong instrument for bringing about positive
modifications in academic education, which allows learners to apply what they have learned in school to real-world
problems (Guo et al., 2016).

According to Kong (2021), the positive effect of EL has implications for teachers who are considering
implementing this method in their classes; indeed, they can guarantee their learners’ success by providing them with
the knowledge required to perform the task. Following the experiential theory, knowledge is built by converting
practice into understanding.

1.5 Research Objective

This research aimed to enhance Grade 10 students' Scientific Argumentation Skills through Scientific
Argument-Driven Inquiry. It sought to understand students' cognition, identify their misconceptions in third-quarter
science lessons, and evaluate their experiential exposure through concrete experience, reflective observation, abstract
conceptualization, and active experimentation. The study also aimed to assess the effectiveness of argumentative-
driven inquiry lesson exemplars in terms of clear learning objectives, building on prior knowledge, engaging opening
activities, effective instructional strategies, cohesive closure, and quality assessments. Additionally, it measured the
students' pre- and post-performance in scientific argumentation skills, specifically their ability to formulate claims,
provide evidence, and reason. The research evaluated whether there was a significant difference in performance before
and after utilizing the Argument-driven Inquiry Lesson Exemplar and gathered feedback from students on its use.
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2. Methodology
2.1 Research Design

This study used a descriptive-developmental method to determine the association between respondents'
scientific argumentation skills and pretest and post-test research design. In descriptive-developmental design, the
researcher does not randomly assign the participants because the researcher grouped them according to their section
or group where they belonged. Furthermore, the researcher used a rubric, pretest, and post-test to assess the level of
argumentation skills of the participants.

This study used a descriptive-developmental research design to design argument-driven inquiry lesson
exemplars to improve the respondents' scientific argumentation skills. It also determines whether there is a significant
difference between the two groups' levels of scientific argumentative skills before and after using argument-driven
inquiry.

2.3 Respondents of the Study

The study respondents were selected purposively. The grade 10 students were composed of 94 students
divided into three sections. One section consisted of thirty-one (31) students and was used for pilot testing, while the
sixty-three (63) students’ respondents in this study were composed of two sections of grade 10 students of Nabangka
National High School, Guinayangan, Quezon, enrolled during the school year 2023-2024.

The respondents consist of 38 males and 27 females under the researcher's two sections of grade 10 students.
The respondents in each section were divided into six groups to implement the argument-driven inquiry lessons. Each
section was given pre-assessment and post-assessment to know the level of scientific argumentation skill of the
respondents before and after using the ADI lesson exemplar. The study was conducted during February and March
2024.

2.4 Research Instruments

The instruments used in the input stage in this study to gather data are first is a forty-point multiple-choice
examination aligned to the Most Essential Learning Competency (MELCs) of DepEd in the third quarter supported
with a researcher-made Table of Specification to determine the learner’s cognition, the second is a two-tier True or
False test in order to determine the learner's misconceptions in science lessons in the third quarter, the score of the
student’s respondents were determine with the researcher-made rubric. Third is a survey questionnaire to determine
the experiential exposure of the students.

During the process stage, the instruments used were a Lesson Exemplar aligned with argument-driven inquiry
and a researcher-made pre-assessment and post-assessment also aligned with the Essential Learning Competency
(MELCs) of DepEd to enhance the level of scientific argumentation skills of the students, the score of the students
were determined with an adapted rubric. Lastly, the researcher used a researcher-made feedback assessment tool to
determine the student’s respondents’ feedback in the argument-driven inquiry lesson.

To guarantee the accuracy and validity of the instruments, the researcher submitted the research instruments
for external and internal validation. A signed letter to the principal and the validators was secured, rubrics for validation
were disseminated, and a comments and suggestions sheet was given to the validators. External validators are
composed of two (2) Master Teachers specializing in science subjects, one (1) Master teacher majoring in English,
Three (3) Teacher III in Science, and two (2) Teacher II also science major. After the instruments were validated,
scores to the rubrics were tallied. The validator’s comments and suggestions were considered and incorporated in the
final copy of the instruments.

2.5 Research Procedure

Implementation: The researcher immediately conducted the research after the validation of the research
instruments. The researcher sent a request letter to the Schools Division Superintendent, from the principal of
Nabangka National High School, Guinayangan, Quezon, and to the 63 students asking permission to conduct the study
by performing a face-to-face discussion using argument-driven inquiry lesson exemplar. The researcher also
administered the pilot testing of the research instrument in one of the sections of grade 10 that needs to be included in
the respondents to know the validity of and the reliability of the instrument.
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The researcher administered the forty (40)-item multiple-choice examination to the sixty-three (63) student’s
respondents to determine the learner’s cognition. The researcher also administers the two-tier True or False test to
know the student's misconceptions in science lesson in the third quarter. And lastly the researcher administers the
survey questionnaire to measure the student's experiential exposure. All these research instruments are administered
before the administration of the face-to-face classes using argument-driven inquiry lesson exemplars.

The researcher administers the researcher-made Pre-assessment tool to the students before the face-to-face
administration of the argument-driven inquiry lesson exemplars to determine the level of the students' scientific
argumentation skills before the implantation of ADI lessons.

After the students are administered the pre-assessment tool, the researcher starts the argument-driven lessons
for the sixty-three (63) students. The respondents are divided into two (2) sections, and each section is divided into
six groups; each group is composed of five (5) to six (6) members.

To enhance the level of scientific argumentation of the grade 10 students each of the remaining topics in the
third quarter is anchored in the argument-driven inquiry. Each topic is covering one week equivalent to four meetings,
one-hour actual teaching time per meeting and another one meeting to accomplish the post-assessment tool in each
topic, in total of 5 days each lesson.

After the implementation of the post-assessment tool to the students the researcher carefully assessed and
analyzed the results to know if the level scientific argumentation skills of the student increased.

2.6 Data Analysis

After the implementation of the study, pre- and post-assessment were collected and tallied, and give the data
to the statistician for treatment. The data were statistically computed, interpreted, and verbally analyzed.

2.7 Ethical Consideration

With outmost confidentiality, the researcher will assure that all the respondent’s data, information and the
results are accessible only to the researcher and the thesis adviser.

2.8 Statistical Treatment of Data

Frequency and percentage were used to measure the leaner's cognition and misconception. Meanwhile, the
mean and standard deviation will be used to calculate the following: 1.) Determining the students' experiential
exposure level, 2.) Assessing and validating argument-driven inquiry lesson exemplars, and 3.) Feedback assessment
of the students on using ADI lesson exemplars and mean score range will be categorized.

To evaluate respondents’ science argumentation skills, the researcher will use an adapted rubric to determine
their level of argumentation skills using claim, evidence, and reasoning.

To evaluate the science argumentation skills of the respondents, the mean pre-assessment and post-
assessment scores of the respondents will also be determined using the T-Test Difference.

3. Results and Discussion

Table 1. Learners’ Cognition Performance

f % Verbal Interpretation
Scores
21-40 2 3.2 Mastered
16-20 18 28.6 Move towards mastery
11-15 24 38.1 Average
6-10 19 30.2 Low Mastery
0-5 - - No Mastery
TOTAL 63 100.0

Table 1 illustrates the cognitive performance of sixty-three (63) Grade 10 students. Most learners fall into the
"Average" category, with 24 students (38.1%) scoring between 11-15. A significant portion, 19 learners (30.2%), is in
the "Low Mastery" category, scoring between 6-10. There are 18 students (28.6%) who are "Moving towards mastery,"
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with scores ranging from 16-20, and only 2 students (3.2%) have "Mastered" the material, scoring between 21-2.
Notably, no learners fall into the "No Mastery" category with scores between 0-5.

The data suggests that while a notable number of students are approaching mastery or have already achieved
it, a significant proportion still exhibit average to low levels of cognitive performance. The lack of students in the "No
Mastery" category is encouraging, indicating that all students have at least some levels of understanding.

Cognitive performance assessment is crucial for understanding students' learning abilities and academic

achievement. A study by Raj (2023) found a significant relationship between the cognitive abilities of high school
students and their academic success, highlighting the importance of evaluating these skills to enhance educational
outcomes. Similarly, research by Shi (2022) demonstrated that cognitive ability, self-discipline, and planning are
significant predictors of academic achievement in high school students, emphasizing the need for comprehensive
cognitive assessments to tailor educational strategies effectively.
Moreover, another study by Shi (2021) examined the influence of cognitive abilities and self-control on students'
academic performance, revealing a significant positive correlation between self-control abilities and academic success.
This underscores the importance of integrating cognitive performance assessments with evaluations of self-discipline
and planning to provide a holistic understanding of student's academic capabilities.

Table 2. Misconceptions of the Learners in Science Lessons

Number of Misconception f % Verbal Interpretation
ST-75 0 0.00 Very High Misconception
38-56 53 84.13 High Misconception
19-37 10 15.87 Moderate Misconception
0-18 0 0.00 Low Misconception
TOTAL 63

Table 2 shows the scores of Grade 10 students based on a two-tier true or false test to determine their
misconceptions in Science lessons in the third quarter. The data reveals that a significant majority of learners, 53 out
of 63 (84.13%), have high misconceptions. Additionally, 10 learners (15.87%) exhibit moderate misconceptions, with
their scores ranging between 19-37 misconceptions. Notably, there are no learners with very high (57-75
misconceptions) or low (0-18 misconceptions) levels of misconceptions.

The data revealed that the majority of students have a significant number of misconceptions. However, the
students have a basic knowledge of the lessons when explaining the concepts behind each topic. Students need help
explaining, or they have the wrong idea about the concepts behind each topic in the third quarter. The fact that no
students are in the extremely high or low categories indicates that, although misconceptions are common, they are
primarily concentrated in the moderate to high range. Additionally, misconceptions can potentially lead to erroneous
claims and spread falsity through chains of ill-grounded inferences. Because scientists hold them and precisely work
on formulating and justifying knowledge claims, one cannot exclude the possibility of these misconceptions appearing
somewhere within the premises of other scientific inferences, thereby leading to other false claims and misconceptions.
As a result, internal misconceptions pose a direct threat to knowledge.

Addressing these misconceptions is crucial for improving science education. Research has shown that
identifying and correcting misconceptions can significantly enhance students' understanding and retention of scientific
concepts. For example, the study by Suprapto (2020) emphasizes the importance of addressing misconceptions to
facilitate better learning outcomes and promote a deeper understanding of scientific concepts. Thus, educators must
focus on diagnostic assessment tools and targeted instructional strategies to effectively address and reduce
misconceptions in science education.
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Table 3. Level of Experiential Exposure in terms of Concrete Experience
Statements Mean SD Verbal Interpretation
1. Field Trips 243 0.82 Rarely
2. Hands-On Experiments 1.63 0.81 Rarely
3. Live Demonstrations 1.52 0.80 Rarely
4. Outdoor Exploration 1.86 0.88 Rarely
5. Model Building 1.49 0.67 Never
Overall 1.79 0.47 Rarely

Legend: 3.50-4.00 Often, 2.50-3.49 Sometimes, 1.50-2.49 Rarely,1.00-1.49 Never

Table 3 evaluates the level of experiential exposure in terms of concrete experiences for various activities,
with the overall mean score of 1.79 falling within the "Rarely" category. This data indicates that students infrequently
engage in concrete experiential activities. Such low engagement levels suggest a significant gap in the current
educational approaches, emphasizing the necessity for incorporating more hands-on, practical learning opportunities
to enhance experiential exposure.

The specific activities evaluated are field trips, hands-on experiments, live demonstrations, outdoor
exploration, and model building, which are all critical for fostering the practical knowledge and skills of the students.
The scores for each activity consistently fall into the "Rarely" category, except for model building, which falls into
the "Never" category. This indicates that students’ lack of engagement in practical activities likely hinders students'
ability to connect theoretical knowledge with real-world applications.

Experiential learning strategies have been extensively studied and proven to impact students' academic
performance and engagement significantly. Research by Kong (2021) emphasizes the role of experiential learning in
enhancing students' motivation and application of classroom knowledge. Similarly, a study by Abu-Assab (2015)
highlights the positive effect of experiential learning on cognitive skills, social skills, and overall academic
performance. These findings underscore the importance of integrating experiential learning strategies into educational
practices to improve student's learning outcomes and engagement.

Moreover, studies such as Tan (2021) have demonstrated that learning strategies, including experiential
learning, significantly contribute to academic performance. The relationship between experiential learning and
academic achievements is further explored in studies like that of Yusof (2020), which focuses on assessing the
effectiveness of experiential learning strategies in influencing students' learning experiences. These studies
collectively highlight the positive impact of experiential learning on students' cognitive development, motivation, and
overall academic achievements, emphasizing the need for educational institutions to prioritize and integrate such
strategies into their teaching methodologies.

As discussed by Odden and Kelley (2002), field trips showcase the educational benefits of electronic field
trips as interactive learning events, emphasizing real-world experiences and qualitative education. Hands-on
experiments, as explored by Darling-Hammond (2020), are essential for practical learning activities, enhancing
students' understanding through direct engagement. Live demonstrations, as described in the document from Springer
(2017), are crucial as they demonstrate how museums can facilitate learning through interactive exhibits and engaging
live demonstrations, offering immersive educational experiences. As discussed by Structural Learning (2023), outdoor
exploration plays a vital role in experiential learning, providing valuable opportunities for students to learn in natural
environments. Finally, model building, outlined in the PDF from Slideshare (2014), is an integral part of field trips,
fostering observational skills and deepening students' understanding of marine life and ecosystems.
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Table 4. Level of Experiential Exposure in terms of Abstract Conceptualization

Mean SD Verbal Interpretation
Statements
1. Concept Mapping 1.97 0.82 Rarely
2. Mathematical Modeling 1.59 0.69 Rarely
3.Theoretical Analysis 1.51 0.74 Rarely
4. Comparative Studies 1.81 0.80 Rarely
5. Predictive Modeling 1.76 0.89 Rarely
Overall 1.73 0.57 Rarely

Legend: 3.50-4.00 Often, 2.50-3.49 Sometimes, 1.50-2.49 Rarely,1.00-1.49 Never

Table 4 evaluates the level of experiential exposure in terms of abstract conceptualization for various
activities, where the computed overall mean score is 1. 73 falls within the "Rarely" category,

To address these findings effectively, educators can draw insights from studies emphasizing active learning
strategies like concept mapping and mathematical modeling, which enhance students' understanding of complex
concepts and improve critical analysis skills (Tarin, 2024). Additionally, the significance of theoretical analysis and
comparative studies in promoting deep learning and critical analysis skills has been well-documented, providing a
foundation for designing learning experiences that foster abstract thinking and analytical abilities among students
(Koumparaki, 2023). By incorporating these experiential learning methods into teaching practices, educators can
create a more engaging and effective learning environment that encourages active exploration of abstract concepts and
enhances overall academic performance.

Table 5. Level of Experiential Exposure in terms of Active Experimentation

Mean SD Verbal Interpretation
Statements
1. Designing and Conducting Experiments 1.73 0.77 Rarely
2. Building and Testing Models 1.60 0.79 Rarely
3. Investigating Biological Specimens 1.54 0.71 Rarely
4. Analyzing Chemical Reactions 1.67 0.70 Rarely
5. Investigating Force and Motion 1.59 0.69 Rarely
Overall 1.63 0.49 Rarely

Legend: 3.50-4.00 Often, 2.50-3.49 Sometimes, 1.50-2.49 Rarely,1.00-1.49 Never

Table 5 evaluates the level of experiential exposure in terms of active experimentation for various activities,
with an overall mean score of 1.63, which falls within the "Rarely" category,

To address the limited experiential exposure identified in the data, educators can draw insights from studies
emphasizing the benefits of active experimentation in learning environments (Saber et al., 2015). Hands-on activities
such as designing experiments, testing models, and analyzing reactions foster practical skills and enhance students'
critical thinking and problem-solving abilities (Nguyen, 2022). Incorporating experiential learning strategies that
promote active experimentation can lead to more engaging and effective educational experiences, contributing to
comprehensive skill development and improved academic outcomes.

According to Kong (2021), the positive effect of Experiential Learning has implications for teachers who are
thinking of implementing this method in their classes; indeed, they can guarantee their learners’ success by providing
them with the knowledge required to perform the task. According to experiential theory, knowledge is built through
converting practice into understanding.
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Table 6. Level of Experiential Exposure in terms of Reflective Observation
Statements Mean SD Verbal Interpretation
1. Journaling 1.75 0.90 Rarely
2. Peer Review 1.90 0.86 Rarely
3. Concept Mapping 1.63 0.81 Rarely
4. Comparative Analysis 1.65 0.74 Rarely
5. Feedback Reflection 1.89 0.95 Rarely
Overall 1.77 0.64 Rarely

Legend: 3.50-4.00 Often, 2.50-3.49 Sometimes, 1.50-2.49 Rarely,1.00-1.49 Never

Table 6 evaluates the level of experiential exposure in terms of reflective observation for various activities,
with the overall mean score of 1.77 that falls within the "Rarely" category.

Russell's study (2021) emphasizes the effectiveness of experiential learning programs that incorporate
reflective observation for producing deeper learning outcomes. Additionally, research on active learning approaches,
such as mobile technology-supported experiential learning systems (Wijnen-Meijer, 2022), highlights the benefits of
integrating reflective practices to improve students' problem-solving competencies. Therefore, enhancing the level of
reflective observation in your educational practices can lead to more comprehensive learning experiences and
improved learning outcomes.

Table 7. Assessment of the Lesson Exemplar as to Clear Learning Objectives

. Mean SD Verbal Interpretation
Indicators
1.The learning objectives appropriately . .
challenging and align with the curriculum standards. 3.75 0.46 Highly Evident
2.Th§ learning ob.Jectn./e.s able to cover meaningful content, 375 0.46 Highly Evident
skills, and/or dispositions.
3.1"21812)?1 are essential questions to be answered in the 3.88 035 Highly Evident
4.There are most important concepts or skills to be learned. 3.75 0.46 Highly Evident
5. The learning objectives clearly stated in terms of student
learning rather than classroom activity or teacher 3.88 0.35 Highly Evident
behaviors.
6.The students can understand the learning objectives and . .
they be able to articulate in their own words. 3.73 0.46 Highly Evident
Overall 3.79 0.17 Highly Evident

Legend: 3.50-4.00 Highly evident, 2.50-3.49 Moderately evident, 1.50-2.49 Somewhat evident,
1.00-1.49 Not evident

Table 7 evaluates the clarity and effectiveness of learning objectives in an ADI lesson exemplar based on six
indicators. Wherein the data shows that the objectives are appropriately challenging and align well with curriculum
standards, the learning objectives effectively cover meaningful content, skills, and dispositions, the lesson includes
essential questions that need to be answered, the lesson identifies the most important concepts or skills to be learned,
the objectives are clearly stated in terms of student learning outcomes rather than classroom activities or teacher
behaviors, and Students can understand the objectives and articulate them in their own words.

The data also revealed that the overall mean score is 3.79, which falls within the "Highly Evident"
category. This indicates that the ADI lesson exemplar's learning objectives are highly evident, suggesting that they are
well-formulated, clear, and effectively communicated to students.
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Table 8. Assessment of the Lesson Exemplar as to Building on Prior Knowledge

Indicators Mean SD Verbal Interpretation
1. Students’ preconceptions and misconceptions about . .
the subject matter are being addressed 375 0.46 Highly Evident
2.The new learning hapg on students’ prior knowledge 388 035 Highly Evident
and real-world experience
3.There are existing pre-assessment data available to
diagnose what students already know/do about the 3.88 0.35 Highly Evident
objectives
4. In case of no existing data is available, there are easy
and effective pre-assessments created that can analyze 3.88 0.35 Highly Evident
quickly, without taking too much instructional time
5.The students’ abilities, strengths, and weaknesses, as . .
well as interests, be incorporated into the lesson 3.8 0.33 Highly Evident
Overall 3.85 0.18 Highly Evident

Legend: 3.50-4.00 Highly evident, 2.50-3.49 Moderately evident,1.50-2.49 Somewhat evident,
1.00-1.49 Not evident

Table 8 evaluates the ADI lesson exemplar's effectiveness in building on students' prior knowledge using five
indicators. Wherein the data indicates the lesson effectively addresses students' preconceptions and misconceptions
about the subject matter, new learning builds strongly on students' existing knowledge and real-world experiences,
there is the effective use of pre-assessment data to diagnose students' prior knowledge when no existing data is
available, the lesson includes quick and effective pre-assessments without consuming much instructional time, the
lesson successfully incorporates students' abilities, strengths, weaknesses, and interests. Additionally, ADI lessons can
establish a more active learning atmosphere by inviting learners to participate in the learning process. It is important
because investigating science teaching will contribute to science process skill development in a laboratory
Demircioglu and Ucar (2015).

The data also reveals the overall mean score of 3.85 which indicates that the lesson exemplar is
highly effective in building on students' prior knowledge. This suggests that the lesson is well-designed to address
preconceptions, utilize pre-assessments, and incorporate students' abilities and interests.

Table 9. Assessment of the Lesson Exemplar as to Engaging Opening Activity

. Mean SD Verbal Interpretation
Indicators
I. lz:Scst(l)\Iflate prior knowledge and relate it to the current 388 035 Highly Evident
2. Help stufients see a meaningful need to learn the new 363 0.52 Highly Evident
information
3.There are some thought-provoklng questions to trigger 4.00 0.00 Highly Evident
student attention and interest
4.The students show new knowledge and skills that has
connections to their personal career or life goals or . .
even how the knowledge and goals fit with their 3.63 0.52 Highly Evident
interests today
5. There are specific examples linking the present 4.00 0.00 Highly Evident
learning to real world problems
Overall 3.83 0.23 Highly Evident

Legend: 3.50-4.00 Highly evident, 2.50-3.49 Moderately evident, 1.50-2.49 Somewhat evident,
1.00-1.49 Not evident
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Table 9 evaluates the ADI lesson exemplar's opening activity in terms of its engagement and effectiveness.
Where the data reveals that the lesson successfully activates students' prior knowledge and relates it to the current
lesson, the lesson helps students see a meaningful need to learn new information, the lesson includes thought-
provoking questions that effectively trigger student attention and interest, the lesson allows students to show new
knowledge and skills that connect to their personal career or life goals, fitting with their current interests, and the
lesson provides specific examples that link the present learning to real-world problems.

The data also reveals that the overall mean score of 3.83 indicates that the ADI lesson exemplars' opening
activity is highly effective in engaging students. The indicators suggest that the lesson is well-designed to activate
prior knowledge, highlight the importance of new information, provoke student interest, connect to personal goals,
and link learning to real-world problems.

Table 10. Assessment of the Lesson Exemplar as to Effective Instructional Strategies

. Mean SD Verbal Interpretation
Indicators
1.There are the optimal instruction
strategies/learning activities for accomplishing the 3.88 0.35 Highly Evident

learning objectives, given the resources

2.There is variety of instructional strategies to be
used to increase the student engagement and 4.00 0.00 Highly Evident
maximize learning

3.The learning materials selected and/or adapted,

considering students’ age, prior knowledge, and 3.88 0.35 Highly Evident
interest

4.The procedures ‘W.ll.l students need to follow to 400 0.00 Highly Evident
complete the activities.

5.There is enough time allocated for different parts 375 0.46 Highly Evident
of the lesson

6.1];here are potential difficulties that can anticipate 4.00 0.00 Highly Evident

y the students

7.The presentation has alternative activity if students . .

have trouble with certain concepts or skills 3.88 0.33 Highly Evident
Overall 3.91 0.13 Highly Evident

Legend: 3.50-4.00 Highly evident, 2.50-3.49 Moderately evident,1.50-2.49 Somewhat evident,
1.00-1.49 Not evident

Table 10 evaluates the effectiveness of ADI lesson exemplars based on various instructional strategies. Where
the data reveals that the ADI lesson exemplars use optimal instructional strategies and learning activities to achieve
learning objectives given the resources available, the lesson exemplars employ a variety of instructional strategies to
increase student engagement and maximize learning, the learning materials are well-selected and adapted, considering
students’ age, prior knowledge, and interests, the procedures that students need to follow to complete activities are
clearly outlined, there is adequate time allocated for different parts of the lesson, the lesson exemplar anticipates
potential difficulties that students might face, the presentation includes alternative activities for students who have
trouble with certain concepts or skills.

The data also reveals that the overall mean score of 3.91 indicates that the lesson exemplar effectively utilizes
instructional strategies. The indicators suggest that the lesson is well-designed to achieve its objectives, engage
students, and address potential challenges, ensuring a high-quality educational experience.
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Table 11. Assessment of the Lesson Exemplar as to Sticking the Closure

Indicators Mean SD Verbal Interpretation

1. The closure revisits the learning objectives to

reinforce and review key concepts, ideas, or principles

2. Theres an active review where students self-assess

their understanding or wonder what they would like to 3.88 0.35 Highly Evident
know more about

3. The students can draw conclusions, rather than having

3.75 0.46 Highly Evident

teachers direct the summarizing 3.8 0.35 Highly Evident
4. Theres an interesting or unexpected prompt at the end
to capture students’ interest. Or a situation where 3.88 0.35 Highly Evident
students might use the new information
Overall 3.84 0.19 Highly Evident

Legend: 3.50-4.00 Highly evident, 2.50-3.49 Moderately evident,1.50-2.49 Somewhat evident,
1.00-1.49 Not evident

Table 11 shows the evaluation of ADI lesson exemplars based on their ability to effectively close a lesson,
known as "Sticking the Closure." The data reveals that the closure revisits objectives, reinforcing key concepts,
students self-assess understanding or express curiosity, students draw conclusions independently, and a captivating
prompt or situation engages students.

The data also reveals that the overall mean score of 3.84 indicates that the ADI lesson exemplars are “Highly
Evident” and effectively conclude by revisiting objectives, promoting self-assessment, encouraging independent
thinking, and providing engaging prompts. These elements contribute to a cohesive and impactful lesson conclusion,
enhancing students' understanding and retention.

Table 12. Assessment of the Lesson Exemplar as to Quality Assessment

. Mean SD Verbal Interpretation
Indicators

1.Th§ s'tudents are making progress toward the 388 035 Highly Evident
objectives

2.The lesson objectives have been accomplished at the 388 035 Highly Evident
end of the lesson

3.The students can produce the expected outcome at the 375 0.46 Highly Evident
end of the lesson

4.The students’ performance is provided feedback 4.00 0.00 Highly Evident

5.The assessment results be communicated to the 388 035 Highly Evident
students

6.The assessment results are used in building the next 388 035 Highly Evident
lesson

Overall 3.87 0.12 Highly Evident

Legend: 3.50-4.00 Highly evident, 2.50-3.49 Moderately evident, 1.50-2.49 Somewhat evident,
1.00-1.49 Not evident

Table 12 shows the evaluation of ADI lesson exemplars based on their quality assessment, focusing on
various indicators related to student progress, achievement of objectives, feedback provision, and utilization of
assessment results.

The data also reveals the overall mean score of 3.87 indicates that the ADI lesson exemplars is
“Highly Evident” which reflects a well-designed lesson exemplar that effectively assesses student progress, achieves
objectives, provides feedback, communicates results, and uses assessment data for continuous improvement.
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Table 13. Pretest and Posttest Performance in Scientific Argumentation Skills
Claim Evidence Reasoning
Pretest Posttest Pretest Posttest Pretest Posttest Verbal

Score f % f % f % f % f % f % Interpretation
26-30 - - 3 4.8 - - 2 32 - - - - Excellent
21-25 - - 29  46.0 - - 30 47.6 - - 29 46.0  Above Average
16-20 - - 31 492 - - 31 492 - - 34 540 Average
11-15 14 222 - - 3 4.8 - - - - - - Below Average
6-10 48 762 - - 59 937 - - 47 746 - - Low

0-5 1 1.6 - - 1 1.6 - - 16 254 - - Very Low

TOTAL 63 100.0 63 100.0 63 1000 63 100.0 63 100.0 63 100.0
Legend: 0-5 (Very Low),; 6-10 (Low), 11-15 (Below Average); 16-20 (Average); 21-25 (Above Average); 26-30
(Excellent).

Table 13 illustrates students' pretest and posttest performance in scientific argumentation skills as to their
Claim, Evidence, and Reasoning. For each component, the pretest scores were predominantly low, with most students
scoring between 6-10. Specifically, 76.2% scored in this range for Claims, 93.7% for Evidence, and 74.6% for
Reasoning. However, the post-test scores showed significant improvement. For Claims, 49.2% of students scored
between 16-20, 46.0% scored between 21-25, and 4.8% reached the highest range of 26-30. Similar improvements
were seen in Evidence and Reasoning, with many students moving to higher score ranges.

In the process of using the ADI lesson, students first encounter the “task stage” where the teacher
introduces ADI and the topic they need to learn. Students are given tasks related to the given topic. Initially, they
struggle to adapt to this new learning model because it is unfamiliar. Still, as the process continues, they become
accustomed to it and accomplish the task stage within the given period. The second stage is the “idea stage,” where
the teacher provides students with a handout containing core ideas they can use during the investigation. During this
stage, researchers observed that most students had positive feedback because they enjoyed learning either
independently or with the help of their peers. The third stage, the “plan stage,” involves the students creating, sharing,
and revising a plan for collecting and analyzing data using the handout given to them. In this stage, the researcher
observed that students could learn how to create plans and analyze data for their investigation. The fourth stage, the
“do stage,” is where students implement their plans to collect the data they need and use it to answer the investigation
question. By the end of this stage, students have already answered the guiding question. The fifth stage, the “share
stage,” is where students create an argument and share it with their peers, critique each other’s work, and then revise
the argument based on the feedback they receive from their peers. They create boards where they present the results
of their investigation through claims, evidence, and reasoning. Once the boards are created, all groups set up their
boards in the classroom and have one or two students stay at the board to present their arguments while other group
members rotate around to see what other groups have come up with. While rotating, students write down ways to
improve their arguments based on what they see on the other group boards or the feedback from other groups when
they visit their boards. Once the gallery walk is finished, students return to their group, and the teacher gives them
time to fix up their own board and make any changes before proceeding to the next stage. The next stage is the “reflect
stage,” where students discuss ways to use core ideas and practices that they have discovered for future use. During
this stage, the teacher facilitates student conversations using images to analyze and guiding questions to synthesize as
part of the investigation. The last stage is the “report stage,” where students write up an investigatory report to share
with their peers, revise it based on the feedback, and submit it to the teacher.

The findings and the student's experience in the ADI lessons indicate that using the seven stages of
Argument-driven lesson exemplars effectively enhanced students' abilities to formulate claims, provide supporting
evidence, and construct sound reasoning in scientific contexts.
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Table 14. Significant Difference between the pre- and post-assessment of the student’s scientific argumentation skills
in terms of claim, evidence, and reasoning

Claim Evidence Reasoning
(Post-Pre) (Post-pre) (Post-pre)
z -6.917* -6.9252 -6.911°
Asymp. Sig. (2-tailed) .000 .000 .000

Table 14 shows the difference between the pre- and post-assessment of the student’s scientific argumentation
skills in terms of claim, evidence, and reasoning before and after using the argument-driven inquiry lesson exemplars.
The data shows that the Z-values for the differences in claim, evidence, and reasoning are negative
and approximately -6.9. These values indicate the differences between the pretest and posttest scores. The data implies
that there is an improvement in the scores from pre- and post-assessment. The Asymp. Sig. (2-tailed) values for the
scientific argumentative skills are .000, this indicates that there is a significant difference between the pretest and
posttest scores for "Claim," "Evidence," and "Reasoning".
Due to the non-normal distribution of the data, a non-parametric test was used (Wilcoxon) to test
the normality of the data. The significant p-values suggest that the intervention significantly improved students'
scientific argumentation skills across all three assessed areas (claim, evidence, and reasoning).

Table 15. Feedback Assessment of the Students on the Use of the Argument-Driven Inquiry

Criteria Mean SD Verbal Interpretation

1. The use of argument-driven inquiry lessons helped me
understand scientific concepts better. 3.97 0.18 SA

2. The argument-driven inquiry lesson encouraged my
curiosity and critical thinking. 3.84 037 Strongly Agree

3. I felt engaged and motivated during the lesson using
argument-driven inquiry lessons. 3.83 0.38 Strongly Agree

4. The provided materials and instructions were clear and

easy to follow. 3.87 0.34 Strongly Agree
5. I enjoyed collaborating with my peers during the
investigation. 3.84 0.37 Strongly Agree
6. The lesson enhanced my problem-solving skills.
3.83 0.38 Strongly Agree
7. 1 felt confident in conducting an investigation and
making observations. 3.92 0.27 Strongly Agree
8. The teacher effectively facilitated discussions and
guided our learning process. 3.87 034 Strongly Agree
9. T believe the lesson prepared me well for future
scientific inquiries. 3.83 0.38 Strongly Agree
10. Overall, the Argument-driven Inquiry Lesson was
3.87 0.34 Strongly Agree

valuable for my learning.

Overall 3.87 0.14 Strongly Agree
Legend: 3.50-4.00 Strongly Agree, 2.50-3.49 Agree, 1.50-2.49 Disagree, 1.00-1.49 Strongly Disagree
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Table 15 The feedback assessment from students regarding using Argument-Driven Inquiry (ADI) in learning
shows overwhelmingly positive responses. With means ranging from 3.83 to 3.97 across various criteria, such as
understanding scientific concepts better, encouraging critical thinking, and feeling engaged and motivated during
lessons, the students' feedback indicates a strong agreement and satisfaction with the ADI approach. This aligns with
studies like the one by Panklin (2023), which highlights ADI's role in enhancing learners' critical thinking and
problem-solving skills.

Moreover, the students' positive feedback on the clarity of materials, enjoyment in collaborative activities,
confidence in conducting investigations, and belief in ADI's preparation for future scientific inquiries suggests that
ADI not only fosters deeper understanding but also promotes a positive learning environment conducive to curiosity,
collaboration, and skill development. This resonates with research on experiential learning models like ADI,
emphasizing their effectiveness in improving student engagement, motivation, and learning outcomes. Therefore,
based on the feedback and related literature, it can be concluded that ADI is a valuable instructional model for
enhancing students' learning experiences and outcomes in science education.

Conclusion

Finding of the study showed that there was significant difference between in the pre-assessment and post-
assessment performance of the students scientific argumentation skills after the utilization of Argument-driven Inquiry
Lesson Exemplar.
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