
Journal of Innovations in Teaching and Learning, 2025, Vol. 5, No. 1, 12-18 
Available online at http://pubs.sciepub.com/jitl/5/1/3 
Published by Science and Education Publishing 
DOI:10.12691/jitl-5-1-3 

Acceptability and Development of Chemistry Lessons 
Integrating Conceptual Change Argument-Driven 

Inquiry (CCADI) 

Merogim P. Mugot1,2,*, Maria Teresa M. Fajardo1 

1University of Science and Technology of Southern Philippines, Lapasan, Cagayan de Oro City, Philippines 
2Department of Education, El Salvador City Division, El Salvador City, Misamis Oriental, Philippines 

*Corresponding author:  

Received March 25, 2025; Revised April 28, 2025; Accepted May 05, 2025  

Abstract  The integration of inquiry-based learning within classroom instruction is increasingly prevalent due to 
its potential to enhance students' critical thinking abilities while facilitating an engaging learning experience. This 
study aimed to develop lessons that incorporate conceptual change argument-driven inquiry activities, and to assess 
their acceptability based on criteria including content, format, presentation, and organization, as well as the accuracy 
and currency of information. Employing a Research and Development (R&D) methodology, the objective was to 
produce effective instructional materials that enhance lesson development through the integration of these inquiry 
activities. The findings indicate that the average scores for the respective evaluation criteria were 3.77 for content, 
3.51 for format, 3.43 for presentation and organization, and 3.49 for accuracy and currency. These scores suggest a 
high level of acceptance across all criteria. Consequently, the developed lessons are deemed suitable for 
implementation in senior high schools, specifically within grade 11 chemistry courses. Furthermore, these lessons 
are designed to promote essential 21st-century skills. Educators are strongly encouraged to incorporate the 
argument-driven learning method into their pedagogical practices, as it has been recognized for its enjoyable, 
engaging, and learner-centered approach. 
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1. Introduction 

Learning may entail changing one's concepts and 
adding new information to what is already known [1,2]. 
This perspective was developed using the idea of 
conceptual change learning. The conceptual change model 
comprises two key components [3]. The first is the set of 
circumstances that must be satisfied for a person to 
undergo a conceptual shift. The amount of conception that 
fulfils requirements is referred to as a person's conception 
status. The higher the rank of a conception, the more 
requirements it satisfies. The second component is the 
person's conceptual ecology, which provides the context 
for a conceptual shift to occur, impacts the change, and 
offers meaning to the change. According to the conceptual 
change model, a person's conceptual ecology encompasses 
various types of knowledge, including epistemological 
commitments to consistency and generalizability, 
metaphysical beliefs about the world, and analogies and 
metaphors that facilitate new data organization [4]. A 
person’s conceptual ecosystem is important in establishing 
the state of their conception, as it informs their judgments 

about whether the requirements for conceptual change 
have been met [5]. Some criteria for teaching conceptual 
change are concepts, metacognition, status, and 
justification [6]. Teachers should openly address students' 
ideas in instruction based on the conceptual change 
paradigm — a practice that is not frequently observed. 
Another concern is that students' views should be treated 
equally with the teacher's [7]. This helps learners choose 
between several viewpoints during classroom discussions. 
Furthermore, several learning tools are utilized by teachers 
in their classroom discussions. 

The Argument-Driven Inquiry (ADI) learning model is 
designed to create a classroom environment that supports 
learners in understanding how to formulate a scientific 
explanation, generalize scientific facts, and use data to 
answer scientific questions [8]. Additionally, students 
must gather data by conducting an experiment and 
engaging in an argumentative discussion phase [9]. 
Several learning methods can develop the skills demanded 
in the 21st century; one of them is argument-driven 
learning [10]. A study conducted on the effects of ADI on 
argumentation skills showed significant results that are 
more effective in improving the quality of students' 
scientific argumentation skills during learning [11]. 
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Furthermore, applying the inquiry approach within the 
classroom can help students improve their critical thinking, 
reasoning, and conceptual understanding, as it integrates 
with scientific argumentation [12]. With the guidance of 
teachers, learners can practice scientific argumentation to 
enhance their understanding of scientific phenomena 
through asserting, arguing, and providing evidence to 
support their claims and arguments [13]. With this, 
inquiry instruction can emphasize scientific argumentation 
to enhance students' understanding of science [14]. The 
connection between the inquiry approach and 
argumentation constituted the argumentation-driven 
inquiry (ADI) teaching model, which is the focus of this 
study. The reason for the significant change in students’ 
conceptual understanding when using ADI is that it 
presents an opportunity for learners to explore information 
and use critical reasoning [15]. In ADI, students need to 
plan experiments, gather supporting information, and 
assess and interpret the results to develop their skills in 
experimental investigations [16]. With the activities 
prepared by the teacher, students construct new 
knowledge based on previous learning and validate their 
claims with evidence from experiments. The ADI 
approach assists teachers and students in using questions 
to expand their thinking and organize knowledge [17].  

Moreover, the different emphases on conceptual change 
studies have drawn attention to physics-related concepts 
[18,19,20,21] and biology-related concepts [22,23]. 
However, there is relatively limited attention to chemistry-
related studies [24,25,26], which underscores potential 
disparities in science education research priorities. 
Balancing the exploration of conceptual change across 
various scientific domains could contribute to a more 
comprehensive understanding of the learning process in 
Chemistry. Despite the incorporation of a diverse array of 
teaching strategies in the conceptual change study, ranging 
from constructivism [27] and computer simulation-assisted 
instruction [28] to direct instruction models [29], conceptual 
change integrated with advance organizers [30], conceptual 
change combined with the predict-observe-explain strategy 
[31], concept mapping and guided discovery [32] there are 
no related studies that focused on the improvement of 
students’ scientific argumentation skills. 

The study focuses on the development and acceptability 
of Chemistry lessons that integrate conceptual  
change and argument-driven inquiry to enhance learners’ 
comprehension of reaction rates. It intends to integrate the 
principle of conceptual change argument-driven inquiry 
(CCADI). With the aid of ADI, students are encouraged to 
formulate questions, investigate, develop evidence-based 
arguments, and think critically about science activities 

[33]. The essence of examining the chemistry curriculum 
in reaction rate concepts can provide a solid foundation 
for students to understand phenomena and processes in the 
chemical state.  

The conceptual change argument-driven inquiry 
(CCADI) is a pedagogical approach that integrates 
argumentation and inquiry-based learning to facilitate 
conceptual understanding in science education. The 
approach is centered on the concept that learning is most 
effective when students actively develop, assess, and 
defend scientific arguments based on data gathered in 
hands-on activities or experiments. However, there is a 
need to improve 21st-century skills among students, 
particularly in critical thinking and problem-solving 
related to science concepts. One way to enhance learning 
in science, particularly in chemistry, is to utilize the 
inquiry method. Learning science must develop students’ 
abilities to understand and apply scientific reasoning in 
argumentation contexts. Thus, to advance teaching 
strategies in conceptual change, it is essential to integrate 
the Conceptual Change Argument-Driven Inquiry 
(CCADI) model, a framework designed to transform 
conventional classroom practices into instructional 
learning that provides students with opportunities to 
engage in reflective scientific inquiry.  

2. Methodology 

This study employed a Research and Development 
(R&D) method. Research and development aim to 
produce a product that integrates lessons with conceptual 
change argument-driven inquiry. Conceptual change refers 
to how pre-existing misconceptions are replaced by 
empirical information. It is measured by assessing the 
student’s ability to explain the reaction rate before and 
after the intervention using conceptual change argument-
driven inquiry. In contrast, argument-driven inquiry – 
refers to the teaching approach of scientific argumentation 
and inquiry-based learning. It engages students in 
generating, analyzing, and debating scientific arguments 
based on the findings from experiments on reaction rates 
and collision theory. The resulting product is then 
evaluated for its acceptability based on content, format, 
presentation, organization, accuracy, and the inclusion of 
up-to-date information, as adapted from the Department's 
Learning Resources Management and Development 
System (LRMDS) rating sheet [34]. The stages of 
developing the lessons integrated with conceptual change 
argument-driven inquiry are summarized in Figure 1. 

 
Figure 1. The research stage in the development of the lessons 

 
The preliminary stage of the study began by reviewing 

the Grade 11 Chemistry competencies and drafting the 
lesson components. The lessons are divided into seven 
major parts. This instructional framework covers the seven 

 



14 Journal of Innovations in Teaching and Learning  

phases of inquiry-based learning [35]. In the elicit phase, 
this is all about figuring out what the students already 
know [36]. The teacher begins by asking questions to 
determine the students' prior knowledge and any 
misconceptions they may have. This is accomplished 
through pre-assessment activities, such as quizzes or 
interactive exercises.  

Understanding what students think allows the teacher to 
prepare better classes that challenge these ideas and 
generate fresh insights. The teacher captures the students' 
attention and stimulates their curiosity in the engage phase 
[37]. The teacher presents a thought-provoking scenario or 
a perplexing question about the topic. The goal is to 
capture students' curiosity and desire to learn more. This 
prepares students for more in-depth investigations and 
keeps them engaged. Then, students gain hands-on 
experience in the explore phase. Students perform 
experiments or engage in activities that enable them to 
collect data and make observations [38]. This hands-on 
experience allows children to develop their own ideas and 
explanations for the scientific data they are learning. They 
develop early arguments based on their observations, 
which allows them to think more thoroughly about the 
subject. After exploring, students gather to discuss the 
results of their investigations in the explain phase [39]. 

They present their preliminary arguments and discuss 
them with the other group members. During these 
argumentations, they assess the quality of each other's 
claims by examining the evidence and reasoning utilized. 
This collaborative discussion enables students to develop 
their ideas and gain a deeper understanding of diverse 
perspectives. Moreover, in the elaborate phase, the teacher 
facilitates a reflective discussion to reinforce the new 
concepts [40]. Students reflect on what they have learned 
and how it relates to their existing knowledge. This 
enables students to integrate the new knowledge into their 
existing understanding, making it more meaningful and 
easier to recall. Students then assess their understanding 
by creating and finalizing scientific arguments. 
Additionally, students take a post-assessment to determine 
how their comprehension has improved during the 
evaluation phase. This phase allows them to establish their 
knowledge and assess their own progress [41]. Further, 
students use what they learned in larger scenarios in the 
extend phase. They may apply their new knowledge to 
various circumstances or topics through reflective writing 
or projects [42]. This helps students realize the importance 
of their learning and encourages them to continue 
exploring and questioning beyond the classroom. 

 
Figure 2. The Preliminary Part of the Lesson 

 
Figure 3. The Second Part of the Lesson 

 



 Journal of Innovations in Teaching and Learning 15 

 
Figure 4. Identification of Guide Questions & Conducting Experiments 

 
Figure 5. Argumentation Session and Reflective Discussion 

 
Figure 6. Argumentation Report and Reflective Writing 

There are two major lessons developed for the third 
quarter of the grade 11 Chemistry, which covered the 
concepts of chemical structure and chemical reactions. 
The lessons were integrated with argument-driven inquiry 
activities. These activities were inserted in the acquisition 
part of the lesson plan, and instructions, scoring, and point 
system regarding the activities were provided. The figure 
above is a sample of the developed lesson, including its 
various parts. The researcher-made grade 11 Chemistry 
third-quarter lessons were presented to five instructional 
and curriculum experts and science teachers for corrections, 
face, and content validity. These experts have at least a 

master’s degree, taught in academe for at least five years, 
and have used inquiry-based learning in their classes. 

Then, further revisions were done based on the 
comments and suggestions of the experts to improve the 
lesson content and format. As the final step of this process, 
the revised lessons were presented to thirty public school 
science teachers for evaluation of acceptability. These 
chosen science teachers and experts have taught in the 
academe for at least five years and are using inquiry-based 
activities in the class. They are also allowed to give their 
comments and suggestions after rating the lessons. Ethical 
standards were observed throughout the conduct of this 

 



16 Journal of Innovations in Teaching and Learning  

study. Below is the scoring procedure for the acceptability 
evaluation. 

Table 1. Scoring Procedure for the Acceptability of the Developed 
Lessons 

Mean Range Descriptors Interpretation 
3.26-4.00 Very Satisfactory Very High 
2.51-3.25 Satisfactory High 
1.75-2.50 Poor Low 
1.00-1.75 Not Satisfactory Very Low 

3. Results and Discussion 
Table 2. Acceptability Rating of the Lessons in Terms of Content 

Factor 1: Content Mean & 
SD 

Interpretation 

1. Content is suitable to the student's level 
of development. 

3.80±0.41 Very High 

2. Material contributes to the achievement 
of specific objectives 
of the subject area and grade/year level for 
which it is intended. 

3.57±0.50 Very High 

3 Material provides for the development of 
higher cognitive skills such as critical 
thinking, creativity, learning by doing, 
inquiry, problem-solving, etc. 

3.77±0.43 Very High 

4. Material is free of ideological, cultural, 
religious, racial, and gender biases and 
prejudices. 

3.73±0.45 Very High 

5. Material has the potential to arouse the 
interest of the target 
reader. 

3.83±0.38 Very High 

6. Adequate warning/cautionary 
notes are provided in topics and activities 
where safety and health are of concern. 

3.93±0.25 Very High 

Over-all Mean and SD 3.77±0.40 Very High 

 
Content pertains to the appropriateness of the scope, 

range, and depth of topics in relation to the learning needs 
of the target audience and the attainment of specified 
learning outcomes. It also fosters the development of 
higher-order thinking skills. The content of the lessons, 
which is integrated with conceptual change and argument-
driven inquiry, was assessed by thirty experts in 
curriculum and instruction, as well as science, for its 
acceptability. The results are summarized in Table 2. 
According to this table, each indicator achieved a mean 
score exceeding 3.26, while the overall mean for the 
content was 3.77, indicating a very high level. 

This means that the lessons integrated with conceptual 
change argument-driven inquiry activities were acceptable 
and met the descriptors indicated in the Learning 
Resources Management and Development System 
(LRMDS) rating sheet of the Department of Education 
[34]. This very high rating may also be attributed to the 
relevance and applicability of the developed lessons in 
chemistry, which align with the Most Essential Learning 
Competencies (MELCs) of the Department of Education 
[43]. The experts noted in their evaluation that the lessons 
designed promote the development of valuable traits and 
values. These include a scientific attitude and reasoning, a 
desire for excellence, teamwork and cooperation, a 
willingness to learn new things, honesty and trustworthiness, 
the ability to discern right from wrong, respect, productive 
work, and both critical and creative thinking. 

Table 3. Acceptability Rating of the Lessons in Terms of Format 
Factor 1: Format Mean & SD Interpretation 

1. Prints   
1.1 The size of letters is appropriate to 
the intended user. 3.90±0.31 Very High 

1.2 Spaces between letters and 
words facilitate reading. 3.93±0.25 Very High 

1.3 Font is easy to read. 3.47±0.68 Very High 
1.4 Printing is of good quality 
(i.e., no broken letters, even density, 
correct alignment, properly placed 
screen registration). 

3.40±0.56 Very High 

2. Illustrations   
2.1 Simple and easily recognizable. 3.40±0.56 Very High 
2.2 Clarify and supplement the text. 3.37±0.56 Very High 
2.3 Properly labeled or captioned (if 
applicable). 3.40±0.56 Very High 

2.4 Realistic / appropriate colors. 3.53±0.51 Very High 
2.5 Attractive and appealing. 3.50±0.51 Very High 
2.6 Culturally relevant. 3.47±0.57 Very High 
3. Design and Layout   
3.1 Attractive and pleasing to look 
at. 3.50±0.51 Very High 

3.2 Simple (i.e., does not distract the 
attention of the reader). 3.57±0.50 Very High 

3.3 Adequate illustration in relation 
to text. 3.33±0.61 Very High 

3.4 Harmonious blending of 
elements (e.g., illustrations and 
text). 

3.67±0.48 Very High 

4. Paper and Binding   
4.1 Paper used contributes to easy 
reading. 3.63±0.49 Very High 

4.2 Durable binding to withstand 
frequent use. 3.57±0.50 Very High 

5. Size and Weight of Resource   
5.1 Easy to handle. 3.47±0.63 Very High 
5.2 Relatively light. 3.43±0.68 Very High 
Over-all Mean and SD 3.51±0.53 Very High 

 
The lesson format was evaluated based on factors such 

as prints, illustrations, design and layout, paper binding, as 
well as the weight and size of the resource. Additionally, it 
considered the quality of the paper, packaging, and 
binding, ensuring that these elements were suitable for the 
intended use and expected lifespan of the resource. 
According to the experts' ratings, each of the indicators 
has a mean score greater than 3.26, with the overall mean 
for the format being 3.51, which can be interpreted as very 
high. This suggests that the lessons, which incorporated 
conceptual change argument-driven inquiry activities, 
were well-received and met the criteria outlined in the 
Learning Resources Management and Development 
System (LRMDS) [34] rating sheet of the Department of 
Education in terms of their format. This very high rating 
may be attributed to the coherence between the topics and 
the activities, as well as the ease with which the lessons 
were prepared for educational use. 

One of the most essential elements in developing 
educational materials is the effective presentation and 
organization of content. The presentation must be 
engaging, interesting, clear, and logical, facilitating a 
smooth progression of ideas that enhances learners’ 
experiences and understanding. As indicated by the expert 
ratings in Table 4, each criterion received a mean score  
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exceeding 3.26, with an overall mean for presentation and 
organization at 3.43, which is indicative of a very high 
standard. This suggests that the lessons, which incorporate 
conceptual change argument-driven inquiry activities, are 
both acceptable and aligned with the criteria specified in 
the Learning Resources Management and Development 
System (LRMDS) rating sheet from the Department of 
Education [34]. The very high rating can also be attributed 
to the seamless flow of the lesson, which adheres to the 
7Es model (Elicit, Engage, Explore, Explain, Elaborate, 
Evaluate, and Extend), allowing teachers to utilize the 
materials with ease. 

Table 4. Acceptability Rating of the Lessons in Terms of 
Presentation and Organization 

Factor 3: Presentation 
and Organization Mean & SD Interpretation 

1. Presentation is engaging, 
interesting, and understandable. 3.60±0.56 Very High 

2. There is a logical and smooth 
flow of ideas. 3.77±0.43 Very High 

3. Vocabulary level is adapted to the 
target reader's likely experience and 
level of understanding. 

3.43±0.57 Very High 

4. The length of sentences is suited to 
the comprehension level of the 
target reader. 

3.30±0.53 Very High 

5. Sentences and paragraph 
structures are varied and interesting. 
to the target reader. 

3.40±0.56 Very High 

Overall Mean and SD 3.43±0.53 Very High 

Table 5. Acceptability Rating of the Lessons in Terms of Accuracy 
and Up-to-datedness of Information 

Factor 3: Presentation 
and Organization Mean & SD Interpretation 

1. Conceptual errors. 3.60±0.62 Very High 
2. Factual errors. 3.87±0.35 Very High 
3. Grammatical errors. 3.40±0.72 Very High 
4. Computational errors. 3.33±0.84 Very High 
5. Obsolete information. 3.40±0.62 Very High 
6. Typographical and other minor 
errors (e.g., inappropriate or unclear 
illustrations, missing labels, wrong 
captions, etc.). 

3.37±0.76 Very High 

Over-all Mean and SD 3.49±0.65 Very High 
 
The final factor in the evaluation sheet is the accuracy 

and currency of the information. This refers to the 
presentation of factual and up-to-date content, which helps 
prevent misconceptions or misunderstandings in the 
lessons. As shown in Table 5, each indicator has a mean 
score greater than 3.26, with an overall mean of 3.49 for 
accuracy and currency. This score can be interpreted as 
very high, indicating that the accuracy and currency of the 
information are deemed acceptable according to the 
Learning Resources Management and Development 
System (LRMDS) rating sheet from the Department of 
Education [34]. This very high rating could be due to the 
minimal or no conceptual, factual, grammatical, and 
computational errors in the developed lessons, which are 
integrated with conceptual change argument-driven 
inquiry activities. Moreover, this can also be attributed to 
the argumentation integrated into the lesson, which the 
experts believed consisted of problem-solving concepts, 
learning processes, and learning content, thereby 
enhancing the teaching, and learning outcomes. As 

[11,12,13] have mentioned, argument-driven inquiry (ADI) 
methods have shown that they may increase students' 
scientific argumentation skills during learning and 
improve their critical thinking, reasoning, and conceptual 
understanding by integrating scientific argumentation. 
Also, this can enhance their understanding of scientific 
phenomena through asserting, arguing, and providing 
evidence to support their claims and arguments. 

4. Conclusion 

According to the assessments conducted by thirty 
experts in science and curriculum instruction, the 
developed grade 11 chemistry lessons, which integrate 
conceptual change and argument-driven inquiry activities, 
have been found to be acceptable. This suggests that these 
lessons can be effectively implemented in senior high 
schools, particularly in grade 11 chemistry classes. 
Moreover, the lessons are designed to cultivate essential 
21st-century skills in students. Educators are encouraged 
to adopt the argument-driven learning method in their 
teaching, as it is recognized for being enjoyable, engaging, 
and centered on the learner. This instructional approach 
not only enhances students’ comprehension of scientific 
concepts but also promotes critical thinking and problem-
solving skills, which are essential in today’s world. 
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