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ABSTRACT

Chemical equilibrium is among the most conceptually demanding topics in secondary chemistry,

with students frequently developing persistent misconceptions due to its dynamic nature and the

prevalence of teacher-centered instruction that limits inquiry and reasoning opportunities. This

study examined how a Design-Based Research Inquiry Based Learning (DBR–IBL) approach an

instructional framework that integrates iterative design cycles with student-centered inquiry

pedagogy affected Grade 11 students’ conceptual understanding of chemical equilibrium and

critical thinking skills.

Rooted in constructivism and Chemistry Education Research (CER), the study employed a

mixed-methods design implemented over six weeks in a public secondary school in Injibara City,

Ethiopia. Quantitative data were collected using a Critical Thinking Test and a Chemical

Equilibrium Diagnostic Test administered pre- and post-intervention. Qualitative data were

gathered through structured classroom observations, semi-structured interviews, reflective

discussions, and analysis of student learning artifacts. The intervention was iteratively refined

through DBR cycles to address evolving student learning needs.

Quantitative results showed significant achievement gains: mean scores rose from 29.30 (SD =

7.84) to 42.63 (SD = 3.48). A paired-samples t-test confirmed statistical significance, t(29) = –

13.75, p < 0.001, with a very large effect size (Cohen's d = 2.51). Qualitative analysis revealed

five interconnected themes: conceptual restructuring of chemical equilibrium understanding,

growth in critical thinking and scientific reasoning, increased engagement in collaborative

inquiry, challenges in adapting to student-centered learning, and positive perceptions of

chemistry’s real-world relevance.

Collectively, the findings indicate that the DBR–IBL approach enabled students to actively

construct scientific knowledge, confront persistent misconceptions, and engage in evidence-

based reasoning. The study contributes empirical support for design-oriented inquiry in complex

chemistry instruction and recommends broader integration of DBR–IBL alongside further

research into its long-term transferability across diverse educational settings.

Keywords: Chemistry Education Research, Design-Based Research, Inquiry-Based Learning,

Chemical Equilibrium, Critical Thinking, Conceptual Understanding.
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CHAPTER ONE: INTRODUCTION

1. INTRODUCTION

Science education plays a crucial role in preparing students to understand scientific phenomena,

solve real-world problems, and participate in an increasingly science-driven society (Morris,

2025; Olefin, 2023). In modern educational frameworks, the goal of science learning extends

beyond acquiring factual knowledge to developing scientific knowledge. Scientific literacy

involves the ability to interpret evidence, reason scientifically, and apply knowledge to new

contexts (Osborne, 2023; Dibner & Snow, 2016). Among these competencies, critical thinking

has been widely recognized as a key skill that enables students to analyze information, evaluate

arguments, and make informed decisions in both academic and everyday situations( Alsace,

2020); Liu, Frankel, & Rohr, 2014).

Educational reforms at the international and national levels increasingly emphasize the

development of higher-order thinking skills in science classrooms. Active learning approaches,

such as inquiry-based learning, have been recommended as effective strategies to support these

goals because they engage students in scientific practices such as questioning, investigating,

analyzing evidence, and constructing explanations (Antonio & Prudent, 2024); Yadav & Singh,

2026). Recently, researchers have emphasized the importance of design-oriented learning

approaches that allow students to design solutions, test ideas, and refine their understanding

through iterative processes (Sawangboon & Chano, 2025).

Within this context, design-based research inquiry-based learning (DBR–IBL) represents a

promising instructional approach that integrates inquiry learning with design-oriented problem

solving. This approach has the potential to support students’ conceptual understanding and

critical thinking by actively engaging them in the process of knowledge construction. Therefore,

the present study aims to explore how a design-based inquiry-Based learning approach can

enhance the critical thinking skills of grade 11 students during the learning of chemical

equilibrium in selected Ethiopian secondary schools.

1.1 Background of the Study

Science education aims to equip learners with the knowledge, skills, and attitudes necessary to

understand the natural world and to participate effectively in scientific and technological
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development. Contemporary perspectives in science education emphasize the importance of

scientific literacy, which includes the ability to ask meaningful questions, analyze and interpret

data, evaluate evidence, and apply scientific reasoning to solve problems (Bybee, 2015;

Lederman et al., 2023). Among these competencies, critical thinking plays a central role, as it

enables students to evaluate information, draw logical conclusions, and make reasoned

judgments. Therefore, developing students’ critical thinking skills has become an important

objective of science education worldwide.

To achieve these educational goals, researchers have increasingly advocated instructional

approaches that actively engage students in the learning process. Conventional lecture-based

teaching methods often emphasize memorization of facts and algorithmic problem-solving,

which may limit students’ opportunities to develop a deeper conceptual understanding and

higher-order critical thinking skills. In contrast, active learning approaches encourage students to

explore ideas, discuss explanations, and collaboratively construct knowledge. Studies in science

education have consistently shown that active learning environments can significantly improve

students’ understanding, engagement, and critical thinking (Freeman et al., 2014; Lazenby, 2023).

Inquiry-Based Learning (IBL) is one of the most widely studied active learning approaches in

science education. In this approach, students learn science by asking questions, designing

investigations, analyzing data, and constructing explanations. Inquiry-based learning is grounded

in constructivist learning theory, which emphasizes that learners actively construct knowledge

through interaction with ideas, evidence and prior understanding. Research has shown that

inquiry-based learning can improve students’ conceptual understanding, scientific reasoning, and

critical thinking skills in science classrooms (Sutiani et al., 2021; Arifin et al., 2025).

Despite the growing emphasis on student-centered learning approaches, science instruction in

many Ethiopian secondary schools remains teacher-centered. Previous studies have indicated

that classroom teaching is often dominated by lecture-based methods, with limited opportunities

for students to engage in inquiry, discussion, and problem solving (Teshome, 2020; Tadesse et

al., 2020). National education policy documents, including the Ethiopian Education

Development Roadmap (MoE, 2018), emphasize the importance of improving active learning

practices and promoting higher-order thinking skills, such as critical thinking, in science
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education. However, the implementation of these approaches in classroom practices remains

inconsistent.

Chemical equilibrium is one of the most challenging topics in secondary school chemistry

curricula. Students frequently struggle to understand the dynamic nature of equilibrium and often

hold misconceptions, such as believing that reactions stop at equilibrium or that equilibrium

implies equal concentrations of reactants and products (Bergquist & Heikkinen, 1990). These

misconceptions can hinder students’ ability to apply important concepts, such as equilibrium

constants and Le Chatelier’s principle. Understanding chemical equilibrium requires students to

reason across multiple levels of representation, including macroscopic observations, symbolic

equations, and particle-level explanations, which demand strong critical thinking skills.

Although inquiry-based learning has shown positive effects on students’ conceptual

understanding and reasoning, research suggests that its effectiveness depends on how learning

activities are designed and implemented. Design-Based Research (DBR) offers a promising

approach to developing and refining instructional strategies in authentic classroom settings. By

integrating design-oriented tasks with inquiry processes, DBR can create learning environments

that encourage students to design solutions, test ideas, evaluate outcomes and refine their

understanding through iterative reflection (Kolodner et al., 2003; Tinoca et al., 2022).

Despite the growing use of design-based research in science education, its application in

secondary school chemistry remains limited, particularly in the Ethiopian context. Few studies

have explored how a design-based inquiry-based learning approach can support students’ critical

thinking and conceptual understanding of challenging topics such as chemical equilibrium. This

gap highlights the need for context-specific research examining how design-oriented inquiry can

be effectively implemented in Ethiopian chemistry classrooms.

Therefore, the purpose of this study is to design, implement, and evaluate a design-based

research inquiry-based learning intervention for teaching chemical equilibrium and to investigate

how this approach supports grade 11 students’ critical thinking and conceptual understanding in

a secondary school in Injibara City.
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1.1.1 Bridging the Gap between Policy Expectations and Classroom Practices in Ethiopia

Ethiopia’s national education policies prioritize the development of scientifically literate citizens

who can think critically and apply knowledge to real-life situations. Likewise, the Ethiopian

education and training roadmap and the secondary school curriculum framework highlight the

importance of active learning, problem solving, and critical thinking as key outcomes of science

education (MoE, 2018). Despite these policy intentions, several studies have reported that

classroom practice in Ethiopian secondary schools remains largely teacher-centered, with limited

opportunities for inquiry, reasoning, and student-driven learning, particularly in chemistry

classrooms (Teshome, 2020; Tadesse et al., 2020; Girma, 2022).

Indeed, chemistry education research in Ethiopia has documented persistent challenges related to

students’ conceptual understanding, motivation, and critical thinking skills. For example, recent

studies have indicated that students often struggle with abstract chemistry concepts because of

their heavy reliance on lecture-based instruction and algorithmic problem-solving (Belayneh &

Belachew, 2024). While some Ethiopian studies report the positive effects of active and inquiry-

oriented approaches on students’ engagement and understanding, they also highlight the need for

well-structured instructional designs that support sustained reasoning and reflection (Wale &

Bishaw, 2020; Girma, 2022). However, research focusing specifically on how instructional

design influences the development of critical thinking in chemistry remains limited.

One chemistry topic that consistently presents significant learning difficulties is chemical

equilibrium. Chemical equilibrium is conceptually demanding because it requires students to

understand the dynamic nature of reversible reactions, interpret symbolic representations, and

reason at macroscopic, submicroscopic, and symbolic levels (Bergquist & Heikkinen, 1990;

Rahmawati et al., 2022). Research conducted both internationally and locally shows that many

secondary school students believe that equilibrium is a static state, assume equal concentrations

of reactants and products, or think that reactions stop at equilibrium misconceptions that persist

even after traditional instruction (Bilgin, 2003; Suparman et al., 2024; NEAEA, 2022).

Inquiry-Based Learning has been shown to reduce such misconceptions and improve students’

conceptual understanding of chemical equilibrium by encouraging active exploration and

evidence-based reasoning (Annisa et al., 2018; Juniar & Sianipar, 2022). Moreover, IBL
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supports the development of critical thinking skills, which are essential for understanding

equilibrium concepts and applying principles such as Le Chatelier’s principle to novel situations

(Arifin et al., 2020; Arifin et al., 2025). However, research indicates that inquiry alone does not

guarantee meaningful learning outcomes. The effectiveness of IBL depends heavily on how

inquiry tasks are designed, sequenced, and supported in real classroom contexts (Aditomo &

Klieme, 2020).

Design-Based Research (DBR) offers a systematic approach to strengthening inquiry-based

instruction by focusing on the iterative design, implementation, evaluation, and refinement of

learning interventions in authentic educational settings (Juuti & Lavonen, 2012; Tinoca et al.,

2022). DBR emphasizes collaboration between researchers and practitioners and aims to

generate practical solutions and theoretical insights into teaching and learning. Recent studies in

science education have shown that DBR informed instructional designs can enhance students’

reasoning, engagement, and conceptual understanding (Scott et al., 2020; Obczovsky et al.,

2024). Despite this potential, the application of DBR in secondary school chemistry, particularly

for teaching chemical equilibrium and fostering critical thinking, remains limited, especially in

the Ethiopian context.

Therefore, there is a clear need for research that integrates design-based research with inquiry-

based learning to develop context-sensitive instructional approaches that address persistent

learning difficulties in chemical equilibrium and promote critical thinking skills. By designing,

implementing, and evaluating a design-based inquiry-based learning (DB–IBL) intervention for

grade 11 chemical equilibrium instruction, this study seeks to bridge the gap between educational

research and classroom practice and contribute to evidence-based insights into chemistry

education in Ethiopian secondary schools.

1.2 Statement of the Problem

Chemical equilibrium is widely recognized as one of the most challenging topics in secondary

school chemistry because it requires students to understand abstract and dynamic processes that

cannot be directly observed. Numerous studies have reported that students frequently develop

misconceptions concerning the dynamic nature of equilibrium, the interpretation of equilibrium

shifts, and the relationship between reaction rates and concentrations (Bergquist & Heikkinen,
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1990; Bilgin, 2003). These misconceptions often persist despite formal instruction and limit

students’ ability to apply equilibrium concepts in problem-solving and real-life situations.

To address these difficulties, chemistry education researchers have increasingly advocated

student-centered instructional approaches. Evidence suggests that inquiry-based learning can

enhance conceptual understanding, reduce misconceptions, and promote scientific reasoning by

engaging students in active investigation and evidence-based explanation (Annisa et al., 2018;

Juniar & Sianipar, 2022; Rahmawati et al., 2022). Similarly, inquiry-oriented instruction has

been shown to support the development of critical thinking skills through opportunities for

analysis, evaluation, and justification of scientific ideas (Sutiani et al., 2021; Wale & Bishaw,

2020; Arifin et al., 2025). However, the effectiveness of inquiry-based learning largely depends

on how learning activities are designed, implemented, and refined to address students’ specific

learning needs.

In response to this concern, Design-Based Research (DBR) has emerged as a promising approach

for developing and improving educational interventions through iterative cycles of analysis,

design, implementation, evaluation, and refinement. While DBR has demonstrated potential for

bridging educational theory and classroom practice, its application in secondary chemistry

education remains limited. Moreover, existing studies have rarely examined how inquiry-based

learning can be systematically integrated within a DBR framework to support conceptual change

and critical thinking development in complex chemistry topics such as chemical equilibrium.

This gap is particularly significant in Ethiopia, where chemistry instruction is often characterized

by teacher-centered practices that emphasize factual knowledge and procedural problem-solving.

Such approaches may provide limited opportunities for students to engage in inquiry,

collaborative reasoning, and reflective thinking. Although educational reforms have promoted

learner-centered pedagogies, empirical evidence regarding the design, implementation, and

effectiveness of integrated DBR–IBL interventions in Ethiopian secondary school chemistry

classrooms remains scarce.

Therefore, there is a need for research that not only examines the effectiveness of inquiry-based

learning but also investigates how inquiry-oriented instructional activities can be systematically

designed and refined through iterative DBR processes. Accordingly, this study sought to design,

implement, and evaluate a Design-Based Research–Inquiry-Based Learning (DBR–IBL)
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intervention for teaching chemical equilibrium and to examine its contribution to grade 11

students’ conceptual understanding and critical thinking skills in an Ethiopian secondary school

context.

1.3 Objectives of the Study

1.3.1 General Objective

The general objective of this study was to design, implement, and evaluate a design-based

inquiry-based learning (DBR–IBL) intervention to enhance grade 11 students’ critical thinking

skills and conceptual understanding of chemical equilibrium in a secondary school in Injibara

City, Ethiopia.

1.3.2 Specific objectives

This study specifically aims:

⮚ To examine how the DBR–IBL approach influences grade 11 students’ critical thinking

skills during chemical equilibrium learning.

⮚ To investigate changes in students’ conceptual understanding of chemical equilibrium

after participating in the DBR–IBL intervention.

⮚ To explore students’ lived experiences and reflections on learning chemical equilibrium

through the DBR–IBL approach.

1.4 Research Questions

⮚ How does the design-based inquiry-based learning approach influence grade 11 students’

critical thinking skills in learning chemical equilibrium?

⮚ How does students’ conceptual understanding of chemical equilibrium change after

participating in DBR–IBL intervention?

⮚ How do grade 11 students experience and reflect on DBR–IBL learning activities during

chemical equilibrium instruction?

1.5 Significance of the Study

This study is important for students, classroom teaching, and chemistry education research in

Ethiopian secondary schools and beyond. First, this study helps to better understand how design-

based inquiry learning (DBR–IBL) can support grade 11 students’ understanding of chemical
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equilibrium. Previous studies have shown that inquiry-based learning can help students correct

common misunderstandings, such as thinking that equilibrium is a fixed state or that reactants

and products must have equal amounts (Bilgin, 2003; Annisa et al., 2018). However, research

also shows that inquiry activities work well only when they are carefully planned and supported.

By designing and testing an inquiry-based approach using a design-based research framework,

this study shows how well-structured inquiry activities can help students understand difficult and

abstract chemistry concepts in real classrooms.

Second, this study supports the development of students’ critical thinking skills, which are key

goals of science education. Research has shown that inquiry-based learning can help students

learn to analyze information, explain their ideas, and think scientifically (Facione, 2011;

Aditomo & Klieme, 2020). However, only a few studies have focused specifically on critical

thinking in secondary school chemistry, especially on topics such as chemical equilibrium. By

examining both students’ understanding of content and their critical thinking skills, this study

provides a clearer picture of how students learn through DBR–IBL instruction. Third, this study

has practical value for classroom teaching. Many teachers report that it is difficult to use inquiry-

based teaching because of limited time, lack of resources, and the absence of clear examples to

follow (Tadesse et al., 2020). The lesson plans, inquiry tasks, and student materials developed in

this study offer practical examples of how inquiry-based learning can be used in Ethiopian

secondary schools. These materials may help teachers and teacher educators improve the

teaching of chemical equilibrium in real classroom situations. Fourth, this study contributes to

chemistry education research by demonstrating how design-based research can be used to

improve teaching and learning in secondary school chemistry. Although DBR has been used in

science education, it has not been widely applied in chemistry classrooms in Ethiopia. Previous

research has shown that DBR helps connect educational theory with classroom practice by

developing teaching ideas based on real evidence (Juuti & Lavonen, 2012; Scott et al., 2020).

This study adds to the existing research by demonstrating how a DB–IBL approach works in a

local school context and by offering design ideas that may guide future teaching improvements.

Finally, this study supports national education goals that focus on active learning, critical

thinking, and better achievement in science subjects. National assessment reports show that

many students continue to struggle with chemistry (NEAEA, 2022). Although this study does not



9

claim to solve all these problems, it provides useful evidence-based ideas for improving teaching

and learning in challenging chemistry topics such as chemical equilibrium.

1.6 Delimitation of the Study

This study focuses on how grade 11 students learn chemical equilibrium when a design-based

research inquiry-based learning (DBR–IBL) approach is used. The content was limited to key

topics found in the grade 11 chemistry syllabus, including the dynamic nature of equilibrium,

equilibrium constants, reaction quotient, and Le Chatelier’s principle. Other chemistry topics

were not included in this study.

The study involved grade 11 students from a public secondary school in Injibara City. Students

were the main focus of this study. The chemistry teacher’s role was limited to implementing the

lesson plans prepared for the study, and the research did not examine teachers’ beliefs, teaching

skills, or professional development. This study used a design-based research (DBR) cycle

combined with Inquiry-Based Learning. The instructional intervention was carried out over a

short period (approximately six weeks). Due to time and resource limitations, this study did not

include multiple design cycles or follow-up studies to check for long-term learning. The study

was conducted in one school only, which means that the findings were closely tied to this

specific context. While the results may offer useful insights, they do not represent all secondary

schools in Ethiopia.

In terms of data, this study examined changes in students’ understanding of chemical equilibrium

and their critical thinking skills. Data were collected through tests, classroom observations,

student work samples, and interviews. This study did not examine students’ attitudes, motivation,

or long-term retention of knowledge.

1.7 Theoretical Framework

The common theoretical basis for this inquiry was based on constructivist views of learning. The

key idea of constructivism that sets it apart from other theories of cognition is that knowledge

cannot be transmitted directly from one knower to another; instead, learners have to actively

construct their own knowledge rather than receive preformed information transmitted by others

(Driver et al., 1994). Under constructivism, teaching becomes a matter of creating situations in

which students can actively participate in activities that enable them to make their own
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individual constructions (Tobin & Tippins, 1993). A constructivist perspective also has

implications for teaching and learning in school science laboratories, where students construct

and develop knowledge through interactions with phenomena using their prior ideas. Teaching

laboratories can stimulate students to find explanations for events and provide insight into the

nature of scientific inquiry and their own investigative work. Leach and Scott (2003) also

suggested that teaching science should be like the science that scientists do. Teachers should

introduce scientific ideas to students and guide their learning as individual students make sense

of the scientific point of view, because teachers play the role of planning the learning task and

being a knowledge facilitator.

From a constructivist perspective, learning occurs through active engagement, social interaction,

and reflection, all of which are central to inquiry-based learning and design-based approaches.

DBR–IBL aligns with constructivist theory by allowing students to construct knowledge through

iterative inquiry, design, testing, and refinement of ideas in authentic contexts. The teacher’s role

as a facilitator and guide further supports learners in making sense of scientific concepts,

particularly abstract topics, such as chemical equilibrium.

Although Design-Based Research (DBR) and Inquiry-Based Learning (IBL) are closely related,

they serve different purposes within this study. DBR functions as the overarching research and

instructional design framework. It guides the systematic analysis, design, implementation,

evaluation, and refinement of learning interventions in authentic classroom settings. In contrast,

IBL is the pedagogical approach through which students engage in questioning, investigation,

evidence-based reasoning, and knowledge construction.

In this study, DBR was not used merely as a research methodology but as a framework for

continuously improving instructional activities. IBL constituted the instructional core of the

intervention. Therefore, the DBR–IBL approach represents the integration of iterative design

processes with inquiry-based pedagogy, whereby inquiry activities are continuously refined

based on classroom evidence to enhance students' conceptual understanding and critical thinking

skills.

Although Design-Based Research (DBR) and Inquiry-Based Learning (IBL) share certain

procedural similarities both involving iterative cycles of activity, reflection, and refinement they

serve distinct and complementary functions within this study. DBR operates as the overarching
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research and instructional design framework: it provides the systematic structure through which

the intervention is analyzed, designed, implemented, evaluated, and iteratively refined across

successive classroom cycles. IBL, by contrast, constitutes the pedagogical core of the

intervention the instructional approach through which students engage with chemical equilibrium

content by formulating questions, conducting investigations, interpreting evidence, and

constructing explanations.

In this study, these two frameworks are therefore not synonymous but mutually reinforcing. The

integrated approach, hereafter referred to as DBR–IBL, denotes a research-driven instructional

design in which inquiry-based classroom activities are continuously refined through design-

based iterative processes. This integration ensures that the pedagogical approach is both

theoretically grounded and responsive to the authentic learning needs emerging from the

classroom context.

1.8 Conceptual framework

The conceptual framework of this study illustrates how the DBR–IBL instructional approach is

expected to improve students’ conceptual understanding and critical thinking in chemical

equilibrium. The framework begins with the learning problem, which is students’ difficulty in

understanding equilibrium concepts. To address this problem, the study applies a combination of

design-based research and inquiry-based learning strategies. Through instructional activities such

as problem-based lessons, inquiry questions, group discussions, demonstrations, and guided

problem-solving tasks, students actively engage in scientific learning processes including

observation, analysis, interpretation, and reasoning. These learning processes help students

construct deeper understanding of important equilibrium concepts such as reversible reactions,

dynamic equilibrium, equilibrium constant, and the Le Chatelier's principle. As a result, the

intervention is expected to improve students’ conceptual understanding and develop their critical

thinking skills.
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Figure 1: conceptual framework diagram
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CHAPTER TWO: LITERATURE REVIEW

2.1 Chemistry Education Research (CER)

Chemistry Education Research (CER) is the study of how chemistry is taught and how students

learn chemistry. It examines what happens in chemistry classrooms and attempts to understand

why some teaching approaches are more effective than others. CER employs both qualitative

methods, such as interviews and classroom observations, and quantitative methods, such as tests

and surveys, to study teaching and learning in chemistry (Cooper & Stowe, 2018).

Researchers in CER have studied many aspects of chemistry learning. They examine how

students develop an understanding of chemistry concepts and what difficulties or misconceptions

prevent learning. CER also focuses on creating research tools that measure students’

understanding, attitudes, motivation, and interest in chemistry education. In addition, CER

studies how research evidence about student learning can be used to design better curricula and

how changes in teaching and curricula affect student learning outcomes (Cooper & Stowe, 2018).

In simple terms, CER can be described as research that aims to understand and improve how

chemistry is learned. Herron and Nurrenbern (1999) described CER as a type of scholarship that

focuses on improving chemistry learning. Bunce and Robinson (1997) referred to CER as the

“third branch” of the chemistry profession, in addition to chemical research and teaching. They

explained that CER seeks to answer key questions, such as how and why students learn

chemistry, why chemistry is often difficult for students, and what helps teachers teach chemistry

more effectively.

2.2 Chemistry Education Research on Chemical Equilibrium

Chemical equilibrium has been widely studied in CER because many students struggle to

understand it even after instruction. Research shows that traditional teaching methods, which

mainly involve lectures and problem-solving, often do not help students fully understand

equilibrium concepts (Bergquist & Heikkinen, 1990).

Early studies in this area found that many students think chemical equilibrium is a static state

where reactions stop. Equilibrium is a dynamic condition in which forward and reverse reactions

continue at equal rates. When students do not understand this, they have difficulty in applying
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ideas such as Le Chatelier’s principle and equilibrium constants to real-lives (Bergquist &

Heikkinen, 1990).

More recent studies have focused on teaching approaches that actively involve students in

learning. Inquiry-based learning, cooperative learning, and the use of computer simulations have

been shown to improve students’ understanding of chemical equilibrium. These approaches help

students explore concepts, discuss their ideas, and connect macroscopic observations with

particle-level explanations (Annisa & Rohaeti, 2018; Rahmawati et al., 2022).

Researchers have also developed special assessment tools to identify students’ misconceptions

about equilibrium. Two-tier and four-tier tests allow teachers and researchers to see not only

whether students choose the correct answer, but also whether they understand the reasoning

behind it (Bilgin, 2003; Lazenby, 2023). These tools are useful for evaluating the effectiveness

of different teaching methods.

2.3 Students’ Conceptions of Chemical Equilibrium

Many CER studies show that students have similar misunderstandings about chemical

equilibrium across different countries and educational levels. One common misconception is the

belief that reactions stop when equilibrium is reached. Students often do not realize that both

forward and reverse reactions continue to occur at the same rate (Bergquist & Heikkinen, 1990).

Another major problem is confusion between reaction rates and concentrations. Some students

think that equal reaction rates mean equal amounts of reactants and products. Others believe that

one reaction becomes slower until it completely stops at equilibrium (Bilgin, 2003). These ideas

prevent students from correctly predicting how a system will respond to changes in concentration,

temperature, or pressure.



15

Students also struggle to connect different ways of representing equilibrium. They often find it difficult to link chemical equations and

equilibrium constants with particle-level explanations and real laboratory observations (Rahmawati et al., 2022) .As a result, their

understanding remains fragmented and depends on the context of the question.

Importantly, many studies report that these misconceptions remain even after traditional teaching. Research suggests that students are

more likely to change their ideas when instruction directly addresses misconceptions, encourages questioning, and allows students to

reflect on their thinking (Annisa et al., 2018; Suparman et al., 2024).

Table 1:Some examples of studies on Chemical Equilibrium in Chemistry Education Research.

Author(s) Year Method Sample Key Finding

Bergquist &

Heikkinen

1990 Interviews University students Students viewed equilibrium as a

static state

Bilgin 2003 Quasi-experimental High school students Cooperative learning improved

understanding

Annisa et al. 2018 Inquiry-based experiment Secondary students IBL reduced misconceptions

Rahmawati et al. 2022 Mixed methods, simulations Senior secondary students Simulations improved conceptual

links

Lazenby 2023 Systematic review Multiple studies Need for better theory–practice

alignment

Suparman et al. 2024 Bibliometric review International studies Misconceptions remain widespread
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Overall, chemistry education research consistently shows that students’ misconceptions about

chemical equilibrium are robust and resistant to change through traditional instruction. These

misconceptions persist because students often lack opportunities to engage in reasoning,

explanation, and reflection. This body of research suggests that instructional approaches must go

beyond procedural problem solving and instead promote inquiry, conceptual change, and critical

thinking. However, few studies have examined how design-oriented inquiry can systematically

address these challenges in secondary chemistry classrooms.

2.4 Research-Based Pedagogies and Instructional Strategies in Chemistry

Research-based pedagogies in chemistry are teaching approaches that are supported by findings

from chemistry education research. These approaches focus on helping students understand

chemistry concepts deeply, rather than relying on memorization or routine problem solving.

Recent CER studies emphasize that effective chemistry learning happens when students actively

engage with ideas, connect new knowledge to prior understanding, and reflect on their thinking

(Cooper & Stowe, 2018; Lazenby, 2023).

One of the most widely studied research-based approaches in chemistry is Inquiry-Based

Learning (IBL). In IBL, students learn chemistry by asking questions, investigating problems,

collecting and analyzing data, and explaining their results. The teacher guides the learning

process instead of delivering all information directly. Recent studies show that IBL improves

students’ conceptual understanding, reasoning skills, and engagement in chemistry classrooms,

especially for abstract topics such as chemical equilibrium (Annisa et al., 2018; Rahmawati et al.,

2022).

Another important strategy supported by recent research is active learning. Active learning

includes instructional methods such as group discussions, collaborative problem solving, peer

instruction, and short classroom activities that require students to think and explain ideas. Large-

scale studies in science education show that active learning leads to better learning outcomes and

reduces failure rates compared to traditional lecture-based instruction (Freeman et al., 2014;

Lazenby, 2023). Recent CER work confirms that these benefits also apply to chemistry courses.

Conceptual change–oriented instruction is also strongly supported by recent CER. This approach

focuses on identifying students’ misconceptions and helping them replace incorrect ideas with

scientifically accurate ones. To this end studies show that many chemistry misconceptions persist
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after traditional instruction unless they are addressed directly through targeted activities and

discussion (Bergquist & Heikkinen, 1990; Suparman et al., 2024). This approach is particularly

important for difficult topics such as chemical equilibrium.

The use of multiple representations is another well-established research-based strategy.

Chemistry learning involves linking macroscopic observations, symbolic equations, and particle-

level explanations. Recent studies show that students understand chemistry better when teachers

explicitly help them connect these representations, rather than presenting them separately

(Rahmawati et al., 2022; Lazenby, 2023).

Technology-supported instruction, including computer simulations and virtual laboratories, has

become increasingly important in recent years. Interactive simulations allow students to visualize

molecular-level processes that are difficult to observe in real experiments. Recent CER studies

show that simulations are most effective when they are used with guided inquiry and teacher

support (Rahmawati et al., 2022).

Finally, assessment-informed instruction is a key feature of research-based pedagogy in

chemistry. Diagnostic and formative assessments help teachers identify students’ learning

difficulties and adjust instruction accordingly. Recent research highlights the value of two-tier

and four-tier diagnostic tests for identifying misconceptions and monitoring conceptual change

in chemistry topics (Suparman et al., 2024).

Overall, recent chemistry education research shows that effective chemistry teaching relies on

active learning, inquiry, conceptual change strategies, the use of multiple representations, and

evidence-based assessment. These research-based pedagogies support deeper understanding,

improve student engagement, and enhance higher-order thinking skills in chemistry.

2.5 Inquiry based learning in chemistry education

Inquiry-Based Learning (IBL) is a dynamic, student-centered approach that has gained attention

in chemistry education, especially abstract topics like chemical equilibrium. Recent literature

provides a nuanced understanding of IBL’s definition, classroom implementation, empirical

outcomes, and its role in making abstract concepts accessible.

IBL in chemistry is defined as a pedagogical approach where students actively engage in the

scientific process by posing sound questions, designing and conducting experiments, analyzing

data, and constructing explanations while teachers act as coaches and facilitators (Adauyah &
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Aznam, 2024; Luvanga, 2023; Pedaste et al., 2015). The IBL process is often structured around

phases such as Orientation, Conceptualization (including questioning and hypothesis generation),

Investigation (experimentation and data interpretation), Conclusion, and Discussion (reflection

and communication) (Pedaste et al., 2015). Guided inquiry, a common IBL model, balances

teacher direction with student autonomy, confronting students with problems and investigations

that require evidence-based reasoning (Adauyah & Aznam, 2024).

2.6 Empirical Research on Inquiry-Based Learning in Chemistry Classrooms

The application and efficacy of Inquiry-Based Learning (IBL) in chemistry classrooms has been

the subject of an increasing amount of empirical research. When compared to traditional teacher-

centered instruction, these studies generally show that IBL improves students' conceptual

understanding, engagement, and higher-order thinking abilities. IBL enhances students'

comprehension of basic chemistry concepts, according to several studies. As an example, Sutiani

et al. (2021) found that students' conceptual understanding and scientific literacy significantly

improved when an inquiry learning model was implemented in secondary chemistry classrooms.

According to their findings, meaningful learning in chemistry is supported by active participation

in inquiry, experimentation, and explanation. The effectiveness is also supported by

empirical research on chemical equilibrium, a conceptually difficult subject.

IBL is also effective for topics that are conceptually difficult, such as chemical equilibrium

(Juniar and Sianipar, 2022), which showed that students who were taught chemical equilibrium

using guided inquiry outperformed students taught with conventional methods in conceptual

understanding and science process skills, and that inquiry activities helped students recognize the

dynamic nature of equilibrium and reduced common misconceptions. In addition, IBL can

improve critical thinking skills; secondary school students who studied using inquiry-based

instruction exhibited significant growth in critical thinking, specifically in analysis, interpretation,

and evaluation (Wale and Bishaw, 2020), and a meta-analysis confirmed that inquiry-based

learning has a positive effect on students' critical thinking in chemistry and other science subjects

(Arifin et al., 2025).

Research, however, suggests that the success of IBL is heavily influenced by the way it is

implemented (Aditomo and Klieme, 2019), such as structured and guided inquiry leading to

better learning outcomes than unguided inquiry. More recent studies examining inquiry-based
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chemistry instruction with authentic problems and collaborative learning (Vilela et al., 2025)

found that inquiry-based chemistry lessons with real-world contexts enhanced students’

reasoning, communication, and engagement, which indicates that IBL is most effective when it is

intentionally designed to complement learning objectives and prior knowledge. Although there is

strong international evidence supporting IBL, studies conducted in Ethiopia show that it has not

yet been widely implemented in the classroom. In many secondary schools, chemistry teaching is

dominated by traditional lecture-based instruction (Girma, 2022; Teshome, 2020; Tadesse et al.,

2020).

2.7 Design-Based Research (DBR) and Pedagogical Design in Chemistry Education

Research shows that design-based activities improve higher-order thinking, as students must

justify their decisions, compare options, and think critically about their solutions (Arnold et al.,

2018).

2.7.1 Definition of Design-Based Research

DBR is a cooperative research approach that combines the structured creation, application, and

examination of educational interventions in real-world environments. It consists of repeated

phases of creating, executing, evaluating, and refining interventions targeting both the

development of solutions and the enhancement of theoretical insights. DBR is distinguished by

its responsiveness to context methodology (frequently using a mix of qualitative and quantitative

techniques) and strong partnership, between researchers and practitioners (Tinoca et al. 2022;

Hoadley & Campos 2022; Barthmann et al., 2025; Vaezi et al., 2019). The approach is not

limited to evaluating interventions but seeks to understand the underlying mechanisms of

learning and the conditions under which innovations succeed (Hoadley & Campos, 2022; Tinoca

et al., 2022; Vaezi et al., 2019).

2.7.2 Applications and Recent Trends

DBR is especially appropriate for tackling “messy’’ educational problems that lack clear

structure depending on context and do not respond easily to straightforward fixes. Its iterative

process supports adjustment of interventions based on new insights, making it well-suited for

settings where factors are constantly changing and complex (Hoadley & Campos 2022; Tinoca et

al. 2022; Barthmann et al. 2025; Ford et al. 2017). DBR’s collaborative ethos ensures that
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interventions are grounded in real-world practice, and its adaptability enables researchers to

respond to evolving educational needs, such as those arising from technological change or

diverse learner populations (Cochrane et al., 2024; Aung & Rashid, 2025; Ford et al., 2017). This

makes DBR especially effective for problems where traditional experimental methods may fall

short due to their lack of contextual sensitivity (Barthmann et al., 2025; Vaezi et al., 2019).

In science and chemistry education, DBR has been employed to create and enhance teaching

resources, curricula and learning settings that foster conceptual comprehension and tackle

ongoing difficulties in student learning. For instance, DBR has been utilized to explore learning

ecologies in biology and physiology resulting in advancements, in student performance and the

formulation of transferable design principles (Scott et al. 2020; Juuti & Lavonen 2012). In

science education more broadly, DBR supports the creation of widely usable educational

artefacts and fosters reflective practice among teachers and researchers, enhancing the relevance

and impact of research on classroom practice (Obczovsky et al., 2024; Juuti & Lavonen, 2012).

Recent work highlights DBR’s role in fostering interdisciplinary collaboration and generating

actionable knowledge for both theory and practice (Scott et al., 2020; Obczovsky et al., 2024;

Tinoca et al., 2022).

DBR is increasingly used in K-12 and higher education, including STEM fields, to support

teacher professional development, curriculum innovation, and the integration of technology

(Tinoca et al., 2022; Scott et al., 2020; Cochrane et al., 2024). In chemistry and broader science

education, DBR facilitates the iterative development of interventions that are responsive to the

complexities of real classrooms, supporting both student learning and teacher growth (Scott et al.,

2020; Obczovsky et al., 2024; Juuti & Lavonen, 2012).

Recent studies indicate that DBR instructional designs in science can increase student

engagement, reasoning, and conceptual understanding (Ogegbo et al., 2025; Kotsis, 2025;

Obczovsky et al., 2024; Tinoca et al., 2022). However, there is limited research on applying

DBR to chemistry, especially for topics like chemical equilibrium in Ethiopia. This gap

highlights the need for context-specific DBR studies that explore how design-oriented inquiry

can improve student learning and thinking. Despite the growing use of design-based research in

science education, its application in secondary school chemistry, particularly for teaching

chemical equilibrium, remains limited. Moreover, few studies have examined DBR as a

pedagogical approach that directly supports inquiry-based classroom instruction and critical
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thinking development. This highlights the need for context-sensitive DBR studies in Ethiopian

chemistry classrooms.

2.8 Enhancing Critical Thinking through Inquiry-Based Learning and Design-Based

Research

Critical thinking [CT] is a key goal of science education. CT means the ability to analyze

information, evaluate evidence, make logical conclusions, and reflect on one’s own thinking

(Facione, 2011). In chemistry, critical thinking is important for interpreting experiments,

understanding abstract concepts, and applying knowledge to new situations.

Inquiry-Based Learning (IBL) helps students develop critical thinking by involving them in

asking questions, designing experiments, analyzing data, and explaining results. Studies show

that students who learn through IBL have better critical thinking skills, including analysis,

evaluation, and reasoning (Arifin et al., 2025; Sutiani et al., 2021; Wale & Bishaw, 2020). These

skills are especially important in chemistry, where students need to understand concepts at

multiple levels, from particles to chemical equations.

Using DBR together with IBL can further strengthen critical thinking. In DBR, students design

solutions, test ideas, evaluate outcomes, and refine their understanding based on feedback. This

iterative process encourages reflection and helps students think about how and why their

solutions work, which is a key part of critical thinking (Kolodner et al., 2003).

Research suggests that combining IBL with DBR creates learning environments that improve

reasoning, conceptual understanding, and evidence-based thinking (Arnold et al., 2018; Ogegbo

et al., 2025). However, there are few studies in chemistry education, especially regarding

chemical equilibrium for secondary school students. Investigating this approach can provide

important insights into how design-based inquiry improves critical thinking and learning in

challenging chemistry topics.

Collectively, these studies indicate that inquiry-based learning consistently improves conceptual

understanding and scientific reasoning. However, most previous studies focused on short-term

interventions and did not employ iterative DBR cycles, particularly in Ethiopian secondary

schools. The present study addresses this gap by designing, implementing, and evaluating a

DBR–IBL intervention grounded in chemistry education research and classroom practice.
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2.9 Connecting DBR and IBL: Rationale for Integration

The foregoing review of the literature reveals two parallel developments in science education

research: first, a robust and growing evidence base demonstrating that Inquiry-Based Learning

(IBL) supports conceptual understanding, scientific reasoning, and critical thinking in chemistry

classrooms (Sutiani et al., 2021; Juniar & Sianipar, 2022; Arifin et al., 2025); and second, an

emerging body of scholarship illustrating that Design-Based Research (DBR) provides a rigorous,

iterative, and context-sensitive framework for developing educational interventions that are

simultaneously theoretically informed and practically effective (McKenney & Reeves, 2024;

Tinoca et al., 2022; Obczovsky et al., 2024).

However, these two traditions have developed largely in parallel in the existing literature.

Studies applying IBL to chemical equilibrium typically evaluate fixed instructional sequences

without iterative refinement (Annisa et al., 2018; Rahmawati et al., 2022), while DBR studies in

science education have rarely focused specifically on chemical equilibrium or critical thinking

development in secondary school contexts (Scott et al., 2020). This gap represents both a

theoretical underdevelopment and a practical missed opportunity.

The present study addresses this gap by systematically integrating DBR's design methodology

with IBL's pedagogical approach. In this integrated framework, IBL provides the instructional

content and student-facing learning activities, while DBR provides the iterative research

architecture through which those activities are continuously evaluated and refined. The

combination resolves a key weakness identified across the IBL literature that inquiry activities

frequently produce variable outcomes when implemented without systematic design and

adaptation (Aditomo & Klieme, 2020; Lazonder & Harmsen, 2016). By embedding IBL within

DBR cycles, the present study is positioned to contribute both to theoretical understanding of

how iterative design can strengthen inquiry-based chemistry instruction and to practical

knowledge about effective chemical equilibrium teaching in Ethiopian secondary schools.
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CHAPTER THREE: METHODOLOGY

3.1 Research Design and Approach

This study employed a design-based research approach (DBR). DBR is an educational research

method that focuses on designing, implementing, and improving instructional strategies in real

classroom settings (McKenney & Reeves, 2024). It enabled the researcher to test innovative

teaching approaches while observing how students learned and interacted with instructional

activities.

In this study, the DBR approach was used to design and implement instructional activities for

teaching chemical equilibrium to grade 11 chemistry students. The intervention followed a

cyclical process including planning, implementation, observation, and reflection. Based on

classroom observations and students’ responses, the instructional activities were revised and

refined to improve their effectiveness.

Towards this, inquiry-based learning (IBL) served as the main instructional strategy within the

DBR framework. Through this approach, students actively participated in the learning process by

asking questions, investigating chemical phenomena, discussing ideas, and drawing conclusions

based on evidence. Rather than receiving information solely through lectures, students explored

chemical equilibrium concepts through problem-solving tasks, group discussions, and guided

inquiry activities.

The integration of DBR into IBL is reckoned to be beneficial for creating an interactive learning

environment that, in turn, might promote deeper conceptual understanding and enhanced

students’ critical thinking skills in chemical equilibrium.

3.2 Population, sample size, and sampling technique

The target population for this study comprised 11-th grade high school chemistry students

enrolled in the educational institution where the intervention was conducted. This population was

chosen because the curriculum directly requires the development of higher-order cognitive

processing and the mastery of complex, abstract scientific concepts.

This study utilized a non-probability, purposive sampling technique through the selection of

intact classroom students. The implementation of an intact class structure was necessitated by

administrative constraints within the educational institution, which strictly prohibited the
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reorganization of the student body or the random assignment of individual participants. Using a

pre-existing classroom ensured minimal disruption to the school's instructional schedule while

allowing the researcher to evaluate the intervention in a natural educational setting.

Initially, the selected intact classroom comprised a total enrollment of 42 students (N = 42).

However, during the initial phase of data collection, a segment of the cohort was absent and

subsequently missed the pre-test session. Because a parametric paired-samples t-test strictly

requires fully matched pairs across both measurement intervals, the 12 students who missed the

baseline assessment were systematically excluded from the final computational dataset,

comprising 30 participants in total.

3.3 Sources of Data

The study used several types of data to ensure triangulation and enhance the credibility of the

findings. Primary data included students’ critical thinking test scores, chemical equilibrium

diagnostic test results, classroom observation notes, fidelity of implementation checklists,

samples of student work (worksheets, design tasks, and laboratory activities), and semi-

structured interviews with students. These data helped triangulate the quantitative findings and

support the interpretation of the results to capture the comprehensive understanding of the

investigated phenomena.

3.4 Data gathering instruments

3.4.1 Critical Thinking Test

Students’ critical thinking skills were measured using a researcher-developed test aligned with

Facione’s (2011) critical thinking framework and the higher-order cognitive levels of Bloom’s

taxonomy. The test included both open-ended and structured questions that required students to

demonstrate analysis, evaluation, inference, and justification of reasoning within chemical

equilibrium contexts. Content validity was established through expert review by chemistry

educators and science education specialists. Reliability was assessed using Cronbach’s alpha.

3.4.2 Multi-Tier Chemical Equilibrium Diagnostic Tests

Students’ conceptual understanding was assessed using a four-tier diagnostic test adapted for this

study. The first tier (multiple-choice) assessed content knowledge by asking students to select the

correct response to a chemical equilibrium problem. The second tier probed students’ confidence
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in their Tier 1 answer (Certain/Not Certain). The third tier required students to select the

reasoning that best explained their Tier 1 answer from a set of options including common

misconceptions. The fourth tier assessed students' confidence in their chosen reason.

Scoring followed a dual-criterion system: a response was classified as 'scientifically correct' only

when both the content answer (Tier 1) and the reasoning (Tier 3) were correct, regardless of

confidence levels. Responses with a correct Tier 1 answer but an incorrect Tier 3 reason were

classified as ‘correct answer with misconception-based reasoning,’ indicating surface-level

knowledge without underlying conceptual understanding. Responses with incorrect answers in

both tiers were coded as ‘misconception present.’ This classification system enabled the

researcher to distinguish between genuine understanding, rote memory, and persistent

misconception a distinction that is not possible with single-tier instruments (Saputra &

Parbuntari, 2025).

3.4.3 Classroom Observation and Fidelity Checklists

Structured classroom observations were conducted during the implementation of the DB–IBL

intervention to document students’ engagement, inquiry behaviors, collaboration, and reasoning.

Field notes were used to capture contextual factors and instructional dynamics relevant to the

design-based research (DBR) process.

3.4.4 Interviews and Document Analysis

Student-generated artifacts, including worksheets, design products, written explanations, and

reflections, were collected as key sources of qualitative data sources. Meeting minutes from

recurring reflection sessions with student groups were documented to capture learning challenges,

emerging ideas, and design refinements throughout the intervention. Semi-structured individual

interviews were conducted with selected students from the DBR–IBL group after the

intervention. The interviews explored students’ learning experiences, perceived challenges, and

reflections on the DBR–IBL process.

3.5 Instructional Strategies

To maintain consistency and control for extraneous variables, the intervention was implemented

by a single instructor, a qualified secondary school chemistry teacher. Prior to the intervention,

students’ baseline knowledge and understanding of chemical equilibrium were assessed using a
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pre-test to ensure relative homogeneity within the class. The pre-test also identified common

misconceptions and nonscientific ideas, which informed the design of targeted instructional

activities. The intervention employed hands-on, inquiry-based learning activities that were

aligned with the standard curriculum and textbook content while placing additional emphasis on

concepts that were underrepresented in the textbook. This approach ensured that the instructional

strategies were systematically tailored to the learning needs of the class, promoting conceptual

understanding and supporting the objectives of the study.

3.5.1 Instructional Intervention Procedure

During the implementation of the design-based research–inquiry-based learning (DBR–IBL)

instruction for chemical equilibrium, the lessons were organized as a sequence of inquiry-

oriented activities that built on students’ progressive understanding of the teaching-learning

activities and processes employed therein. Each lesson began with a problem situation or inquiry

question that encouraged students to observe, discuss, and explain chemical phenomena. The

teacher guided students through discussions, demonstrations, and problem-solving tasks related

to key concepts such as reversible reactions, dynamic equilibrium, equilibrium constants, and Le

Chatelier’s principle.

Most importantly, the lessons were connected in a progressive manner so that concepts learned

in one lesson supported learning in subsequent lessons. When students demonstrated limited

understanding of a concept, the teacher revisited the recurrent ideas through additional inquiry

questions and integrated them into subsequent instructional lesson activities. For example, when

students did not fully understand reversible reactions, further questioning and demonstrations

were incorporated into the following lesson while introducing dynamic equilibrium. This

continuous connection between lessons enabled students to refine their ideas through discussion,

reflection, and investigation.

Through this iterative process, students gradually developed deeper conceptual understanding

and stronger critical thinking skills, consistent with the learning objectives outlined in Bloom’s

taxonomy and the critical thinking framework proposed by Facione (2011).
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Figure 2: DBR-IBL intervention cycle for teaching chemical Equilibrium.
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3.5.2 Description of Classroom Activity Sequence

The design-based research–inquiry-based learning (DBR–IBL) intervention was implemented

over six weeks during the teaching of the chemical equilibrium unit. The intervention was

carried out through a series of iterative DBR cycles involving planning, implementation,

reflection, and refinement. Each lesson lasted 80 minutes and was designed to create an active

learning environment where students could investigate chemical phenomena, discuss ideas, and

develop their understanding of chemical equilibrium through inquiry.

A range of inquiry-based teaching strategies was used throughout the intervention to support

student learning. These included guided questioning, prediction activities, small-group

discussions, collaborative problem-solving tasks, practical investigations, concept clarification

sessions, and reflection activities. The teacher's role was mainly to facilitate learning by asking

questions that encouraged students to think critically and explain their ideas. Instead of providing

direct answers, students were encouraged to explore concepts, discuss their reasoning with peers,

and support their explanations using evidence from classroom activities and experiments.

The intervention began with activities designed to explore students’ existing ideas about

chemical equilibrium. Since chemical equilibrium is often considered an abstract topic, hands-on

and visual activities were used to make the concept more meaningful. One of the first activities

involved a water-transfer model. Students transferred water between two containers and

observed how the system changed over time. This simple activity was used to help students

visualize equilibrium as a dynamic process in which changes continue to occur even when the

overall system appears unchanged.

As the lessons progressed, the water-transfer model was revisited through additional inquiry

tasks. Students were asked to predict what would happen when changes were made to the system,

such as increasing or decreasing the amount of water in one container. They discussed their

predictions in groups before carrying out the activity. After making observations, students

compared the outcomes with their predictions and shared their explanations with classmates.

These discussions provided opportunities for students to examine their thinking, consider

alternative viewpoints, and develop scientific explanations based on evidence.
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To further strengthen understanding of chemical equilibrium, students participated in several

inquiry-based experiments that connected classroom concepts with real-life situations. One

activity involved a carbonated soft drink, which served as a familiar example for exploring

equilibrium shifts. Students observed what happened when the bottle was opened and

investigated how changes in pressure affected the equilibrium system. Before conducting the

activity, they predicted what they expected to observe and explained their reasoning. Following

the experiment, students discussed their observations and related them to Le Chatelier’s Principle.

The use of an everyday product helped students connect abstract chemical concepts with

experiences from their daily lives.

Collaborative learning was an important feature of the intervention. Students worked in small

groups to conduct investigations, discuss observations, compare explanations, and present their

conclusions. Guided worksheets were used to structure each activity and support the inquiry

process. These worksheets included tasks that required students to make predictions, record

observations, analyze evidence, and explain their findings. When students encountered

difficulties, the teacher provided additional guidance through questioning and discussion rather

than direct instruction.

Reflection was integrated into every lesson. At the end of each session, students were given

opportunities to think about what they had learned, identify ideas that were still unclear, and

summarize key concepts in their own words. They were also encouraged to relate chemical

equilibrium to familiar situations such as food preparation, soft-drink production, and

fermentation processes. These reflection activities helped students make connections between

scientific concepts and everyday experiences.

Throughout the six-week intervention, classroom observations, student feedback, and reflection

notes were used to guide the ongoing refinement of the learning activities. Adjustments were

made when necessary to improve the clarity of instructions, strengthen student engagement, and

provide additional opportunities for inquiry and discussion. This continuous process of

improvement ensured that the intervention remained responsive to students’ learning needs while

maintaining the core principles of design-based research and inquiry-based learning.
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Overall, the DBR–IBL intervention provided students with repeated opportunities to investigate,

discuss, reflect, and apply chemical equilibrium concepts in meaningful and familiar contexts.

By engaging students in active inquiry and collaborative learning, the intervention was designed

to support deeper conceptual understanding and encourage thoughtful scientific reasoning.

3.6 Data collection procedures

Data for this study were collected in several stages following the design-based research (DBR)

process. Both quantitative and qualitative data were collected to examine the effectiveness of the

design-based research inquiry-based learning (DBR–IBL) approach in improving students’

critical thinking skills and conceptual understanding of chemical equilibrium.

The first stage was the preparation stage. During this stage, the researcher obtained permission

from the school administration and the relevant education authorities to conduct the study. The

purpose of the study and the research procedures were explained to the participating students.

Data collection instruments, including the critical thinking test (CTT), chemical equilibrium

diagnostic test, observation checklists (CEDT), and interview guides, were finalized. These

instruments were reviewed by experts and piloted with a small group of students to ensure their

clarity, validity, and reliability.

In the second stage, the process involved collecting baseline data. Before the implementation of

the intervention, students completed a pre-test consisting of a critical thinking test and a multi-

tier diagnostic test on chemical equilibrium. The purpose of the pre-test was to assess students’

initial critical thinking skills and their prior understanding of chemical equilibrium concepts. The

tests were administered during regular class time under the supervision of the researcher and the

classroom teacher.

The third stage was the implementation of the DBR–IBL instructional approach. The

intervention was carried out during the teaching of the chemical equilibrium unit over several

weeks. During this period, inquiry-based learning activities developed through the DBR

framework were implemented in the classroom. The researcher observed the lessons and

recorded students’ participation, questioning behaviors, collaborative interactions, and

explanations of scientific ideas. Observation notes and fidelity checklists were used to ensure

that the instructional approach was implemented as intended.
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In addition to classroom observations, students’ learning artifacts were collected throughout the

intervention. These included worksheets, group reports, written explanations, design tasks, and

problem-solving activities completed during the lessons. These materials provided evidence of

the development of students’ conceptual understanding and critical thinking skills. Short group

reflection discussions were also conducted to capture students’ emerging ideas, learning

challenges, and reflections on the learning process.

The fourth stage involved post-intervention data collection. Following the completion of the

instructional intervention, students completed the same critical thinking test and chemical

equilibrium diagnostic test as post-tests. These assessments were used to determine changes in

students’ critical thinking skills and conceptual understanding of chemical equilibrium after

participation in the DBR–IBL intervention.

The final stage consisted of semi-structured student interviews. Selected students participated in

interviews designed to gain deeper insights into their learning experiences. Eight students were

interviewed for a duration between 45 minutes and 60 minutes duration. The interviews focused

on students’ perceptions of the inquiry activities, challenges encountered during the intervention,

and the ways in which the lessons contributed to their understanding of chemical equilibrium.

With participants’ consent, the interviews were audio-recorded and subsequently transcribed for

analysis.

Throughout the research process, ethical guidelines were strictly followed. Students’ identities

were kept confidential, and all collected data were coded and securely stored. The use of

multiple data sources, including tests, observations, student artifacts, and interviews, enhanced

the credibility, reliability, and trustworthiness of the study findings through data triangulation.

3.7. Implementation of the DBR–IBL Intervention through Cycles and Phases

The intervention was implemented through a series of iterative design-based research (DBR)

cycles that integrated the principles of inquiry-based learning (IBL) into the teaching of chemical

equilibrium. Consistent with the DBR framework proposed by McKenney and Reeves (2024),

the intervention involved repeated phases of analysis and exploration, design and construction,

implementation, evaluation, and refinement. These cycles enabled instructional decisions to be

continuously informed by classroom evidence and students’ learning needs.
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Cycle 1: Analysis and Exploration

The first cycle focused on identifying students’ prior knowledge, learning difficulties, and

misconceptions related to chemical equilibrium. Baseline information was collected through pre-

test results, classroom discussions, and initial observations. Particular attention was given to

students’ understanding of reversible reactions, dynamic equilibrium, and factors affecting

equilibrium systems. Information gathered during this phase informed the design of instructional

activities intended to address identified misconceptions and support conceptual development.

Cycle 2: Design and Construction

Based on the findings from the analysis phase, a sequence of inquiry-based learning activities

was developed. The instructional design incorporated multiple representations, contextualized

examples, guided inquiry tasks, prediction activities, collaborative discussions, and practical

investigations. Activities such as the water-transfer model were included to help students

visualize the dynamic nature of equilibrium, while real-life examples were selected to connect

abstract chemical concepts with familiar experiences. Guided worksheets and discussion prompts

were also developed to support students’ reasoning and reflection throughout the learning

process.

Cycle 3: Implementation and Evaluation

The designed activities were implemented during the six-week chemical equilibrium unit.

Students actively engaged in predicting outcomes, conducting investigations, discussing

observations, and constructing explanations based on evidence. During implementation,

classroom observations, student reflections, worksheets, and field notes were systematically

collected to document students’ participation, conceptual difficulties, and emerging

understanding. These sources of evidence provided valuable insights into how students

responded to the instructional activities and which aspects of the intervention required

modification.
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Cycle 4: Reflection and Refinement

At the end of each instructional cycle, data collected from observations, student feedback,

learning artifacts, and reflective discussions were reviewed to evaluate the effectiveness of the

intervention. Areas of conceptual difficulty were identified, and instructional activities were

modified accordingly. Refinements included revising guiding questions, providing additional

scaffolding for challenging concepts, incorporating further opportunities for discussion, and

revisiting concepts that required clarification. These modifications informed subsequent lessons

and contributed to the progressive improvement of the intervention throughout the study.

Through this iterative process, the DBR–IBL intervention remained responsive to students’

learning experiences while maintaining alignment with the objectives of promoting conceptual

understanding and critical thinking in chemical equilibrium. The cyclical nature of the

intervention also provided opportunities to refine instructional strategies based on evidence

gathered from authentic classroom practice.

Table 2: Summary of DBR–IBL Cycles.

3.8. Data analysis technique

Quantitative data from the critical thinking and diagnostic tests were analyzed using descriptive

statistics including mean and standard deviation. A paired-samples t-test was employed to

Cycle DBR Phase Major Activities Data Sources Refinements Made

1
Analysis &

Exploration

Pre-test, misconception

identification

Pre-test,

observation

Design of inquiry

activities

2
Design &

Construction

Water-transfer model,

worksheets
Student responses

Improved guiding

questions

3
Implementation &

Evaluation

Inquiry experiments,

discussions

Observations,

reflections

Additional

scaffolding

4
Reflection &

Refinement

Lesson review and

redesign

Feedback, field

notes

Activity

modifications
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determine whether there was a statistically significant difference between students' pre-test and

post-test scores. Cohen's d effect size was calculated to determine the magnitude of the

intervention effect.

Qualitative data obtained from classroom observations and interviews were analyzed using

thematic analysis. To ensure analytical rigor, a systematic coding process was undertaken

involving two independent raters who manually coded all interview transcripts and observational

field notes were analyzed qualitatively. The qualitative data stream was analyzed using inductive

reflexive thematic analysis as delineated by Braun and Clarke’s (2021) six-phase framework.

This process was structured to systematically transition raw narrative data into interpreted

analytical themes while maintaining a highly transparent audit trail.

Quantitative and qualitative findings were integrated during the interpretation phase to provide a

comprehensive understanding of the effectiveness of the DBR–IBL intervention.

3.9 Ethical considerations

Ethical approval was obtained from relevant institutional authorities before the commencement

of the study. Informed consent was obtained from students. Participation was voluntary, and

participants were informed about their right to withdraw from the study at any time without any

precondition. Confidentiality were maintained throughout the research process. Data collected

were used solely for the present research purpose and stored securely.
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CHAPTER FOUR: RESULTSAND DISCUSSION

4.1 Quantitative findings

This section presents the quantitative results of the study based on data collected through the

critical thinking test (CTT) and the chemical equilibrium diagnostic Test (CEDT). These

instruments were administered before and after the implementation of the design-based research–

inquiry-based learning (DBR–IBL) intervention to assess changes in students’ critical thinking

skills and conceptual understanding of chemical equilibrium.

The quantitative analysis focused on comparing students’ pre-test and post-test performances to

determine whether participation in the DBR–IBL intervention resulted in significant learning

gains. The findings provided evidence regarding the effectiveness of the intervention in

promoting deeper conceptual understanding and strengthening critical thinking skills among

grade 11 chemistry students.

4.1.1 Reliability Statistics for the Research Instruments

To evaluate the internal consistency of the research instruments, Cronbach’s alpha (α)

coefficients were computed for each scale. According to standard psychometric benchmarks, an

alpha value of 0.70 or higher represents acceptable reliability, while values above 0.80 indicate

good internal consistency (George & Mallery, 2020). The Critical Thinking Test, designed to

evaluate students' higher-order cognitive processing, evaluation, and analytical skills, achieved a

Cronbach’s alpha coefficient of 0.809 across 8 items. According to standard psychometric

thresholds, an alpha value between 0.80 and 0.89 is interpreted as “Good” (George & Mallery,

2020).

In psychometrics, alpha coefficients are highly sensitive to scale length; shorter instruments

naturally yield lower scores because there are fewer items to capture covariance. The fact that the

critical thinking test maintained an alpha above 0.80 with only 8 items demonstrates a highly

efficient instrument. Every single test question was strongly cohesive, precise, and targeted the

exact same underlying
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critical thinking dimensions. This high sensitivity confirms that the dramatic shift in student analytical skills captured during the post-

test was stable and genuine.

Table 3: reliability statistics test

Instrument Purpose Number of Items Reliability Method Reliability Coefficient

(α)

Interpretation

Critical Thinking Test To assess students' critical

thinking skills in chemical

equilibrium

8 Cronbach's Alpha 0.809 Good

Chemical Equilibrium

Diagnostic Test

To assess students'

conceptual understanding of

chemical equilibrium

20 Cronbach's Alpha 0.803 Good

The chemical equilibrium diagnostic test was implemented to uncover and trace student misconceptions regarding complex chemical

systems. This 20-item instrument achieved a Cronbach's alpha coefficient of 0.803, which also falls securely within the “Good”

internal consistency classification.

While longer tests can sometimes mathematically inflate alpha coefficients through item redundancy, a score of 0.803 across 20 items

indicates a balanced scale architecture. It demonstrates that the items were sufficiently distinct to avoid repetitive querying, yet

cohesive enough to ensure low measurement error. This confirms that the test reliably tracked conceptual shifts. The sharp reduction

in score variance observed after the intervention (SD = 3.48) can be confidently attributed to actual student mastery rather than erratic

guessing or ambiguous item phrasing.

4.1.2 Descriptive Statistics of Pre-Test and Post-Test Scores
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Table 4: Descriptive Statistics of Students’ Achievement Scores (N = 30)

Descriptive statistics were calculated to compare student performance before and after the instructional intervention (N = 30). On the

pre-test, students exhibited a moderate baseline level of performance, with a mean score of (29.30) (SD = 7.84) and scores ranging

from (16.00) to (45.00). Following the intervention, the post-test scores demonstrated a substantial increase in the mean performance

to (42.63) (SD = 3.48), with a compressed score range spanning from (36.00) to (50.00). The lower standard deviation on the post-test

indicates that student scores became significantly more uniform, suggesting that the intervention effectively raised overall mastery

while narrowing the achievement gap within the cohort.

To evaluate the assumption of normality required for parametric inferential statistics, skewness and kurtosis coefficients were

analyzed for both testing periods. For the pre-test scores, skewness was (0.153) and kurtosis was (-0.963). For the post-test scores,

Descriptive Statistics

N Minimum Maximum Mean Std. Deviation Skewness Kurtosis

Statistic Statistic Statistic Statistc Statistic Statistc Std.Error Statistc Std.Eror

pre-test result 30 16.0 45.0 29.297 7.8393 .153 .427 -.963 .833

post-test

result

30 36.0 50.0 42.633 3.4788 .432 .427 -.442 .833

Valid N (list

wise)

30

SEADA
Take it after Kurtosis?
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skewness was evaluated at (0.432) alongside a kurtosis value of (-0.442). Because all values fell safely within the conventional

psychometric thresholds of (± 1.0) for skewness and (± 2.0) for kurtosis (George & Mallery, 2020), the data met the criteria for normal

distribution. Consequently, the use of a parametric paired-samples t-test was statistically justified.

4.1.3. Statistical significance test

A paired-samples t-test was conducted to determine whether a statistically significant difference existed between students' scores

before and after the intervention (N = 30). The results indicated that post-test scores (M = 42.63), (SD = 3.48) were significantly

higher than pre-test scores (M = 29.30), (SD = 7.84), t (29) = -13.75, p < 0.001. Furthermore, the analysis revealed an exceptionally

large effect size, Cohen’s d = 2.51, indicating a substantial practical improvement. These findings demonstrate that the instructional

intervention led to a statistically significant and highly meaningful increase in student performance.

Table 5: paired samples t-Test results and effect size for pre-test and post-test scores (N = 30)

Assessment M SD t df P Cohen’s d

Pre test 29.30 7.84 -13.75 29 <0.001 2.51

Post test 42.63 3.48
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4.1.4 Comparison of the effect size and magnitude of Pre-Test and Post-Test Scores

To evaluate the practical significance of the instructional intervention, the standardized

mean difference was calculated using Cohen’s d. According to standard psychometric

conventions established by Cohen (1988), an effect size exceeding 0.80 is classified as

large. The analysis revealed an exceptionally large effect size (d = 2.51), indicating that

the post-test mean shifted upward by more than two and a half standard deviations

relative to the baseline pre-test distribution. This magnitude confirms that the intervention

exerted a profound and practically meaningful impact on student academic outcomes, far

exceeding typical educational research benchmarks.

4.2. Implementation of the DBR–IBL Intervention through Cycles and Phases

4.2.1 Cycle One: Reversible Reactions and Dynamic Equilibrium

Analysis and Exploration Phase: The first cycle focused on introducing students to

reversible reactions and dynamic equilibrium. At the beginning of the lesson, students

were asked to discuss familiar examples from everyday life, such as water evaporation

and condensation. Through classroom questioning and group discussions, students were

encouraged to share their prior knowledge and explain how they believed chemical

reactions occur.

The analysis phase revealed several misconceptions. Many students believed that

chemical reactions proceed only in one direction and that equilibrium means a reaction

has completely stopped. Some students also thought that equilibrium could only occur

when equal amounts of reactants and products were present. These findings are consistent

with previous studies that identified misconceptions about the dynamic nature of

equilibrium among secondary school students (Taber, 2022).

The exploration activities allowed students to investigate these ideas through observation

and discussion. Students were encouraged to ask questions, make predictions, and explain

their thinking. Inquiry-based learning research suggests that identifying learners' prior

conceptions is essential because meaningful learning occurs when students actively

confront and revise their existing ideas (Pedaste et al., 2021).
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Design and Construction Phase: Based on the misconceptions identified during the

analysis and exploration phase, learning activities were designed to help students better

understand reversible reactions and dynamic equilibrium. Since chemical equilibrium is

an abstract concept that students cannot observe directly, a simple water-transfer model

was used to make the idea more visible and easier to understand.

The activity used two transparent water jars and two cups of different sizes. The jars

represented the reactants and products, while the cups represented the rates of the forward

and reverse reactions. At the beginning of the activity, one jar contained more water than

the other, representing a reaction where reactants are converted into products.

Students transferred water between the two jars at the same time using the two cups. As

the activity continued, they carefully observed how the water levels changed. Initially,

the amount of water in each jar changed noticeably. However, after some time, the water

levels appeared to remain constant even though water was still being transferred between

the jars.

Through observation and discussion, students realized that the movement of water had

not stopped. Instead, water was moving from one jar to the other at the same rate. This

helped students understand that chemical equilibrium does not mean a reaction stops.

Rather, it is a dynamic state in which the forward and reverse reactions continue to occur

at equal rates.

The activity also helped students distinguish between the amount of substances and the

rate of reactions. Many students initially believed that equilibrium occurs only when the

amounts of reactants and products become equal. By observing the water-transfer model,

they learned that equilibrium can exist even when the amounts in the two jars are

different, as long as the rates of transfer are equal. This is an important concept in

chemical equilibrium and is often difficult for students to understand (Taber, 2022).

Students worked in groups to record observations, discuss their ideas, and explain what

was happening in the model. The teacher guided the discussion by asking questions such

as: “Has the movement of water stopped?”, “Why do the water levels remain constant?”,

and “How does this model represent a chemical reaction at equilibrium?” These
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questions encouraged students to think critically and use evidence from their observations

to support their explanations.

The use of the water-transfer model made the lesson more interactive and helped students

connect an abstract chemistry concept with a real and observable process. Research has

shown that hands-on inquiry activities and visual models can improve students'

understanding of difficult scientific concepts because they allow learners to actively

explore ideas and construct their own explanations (Pedaste et al., 2021). Similarly, Taber

(2022) emphasized that concrete models can help students overcome common

misconceptions about chemical equilibrium.

By the end of the activity, many students had changed their initial understanding of

equilibrium. They were able to explain that equilibrium is a dynamic process where

reactions continue to occur in both directions at equal rates, resulting in no overall change

in the concentrations of reactants and products. This demonstrated a clear improvement

in their conceptual understanding of reversible reactions and dynamic equilibrium.

Evaluation and Reflection Phase: At the end of the activity, students were given time to

think about what they had learned and compare it with what they believed before the

lesson. They discussed their observations in groups and shared their ideas with the class.

The teacher asked questions such as:

“What happened to the water levels in the jars?”, “Did the water stop moving?”, and

“How does this activity help us understand chemical equilibrium?”

During these discussions, many students realized that some of their earlier ideas about

equilibrium were incorrect. Before the activity, several students thought that equilibrium

meant a reaction had stopped completely. After observing the water-transfer model, they

understood that movement continued even when the water levels remained unchanged.

This helped them recognize that chemical equilibrium is a dynamic process in which the

forward and reverse reactions continue to occur at the same rate.

Students were then asked to answer short questions and explain their reasoning. Their

responses showed that most of them could now explain that equilibrium depends on equal

reaction rates rather than equal amounts of reactants and products. They also
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demonstrated a better understanding of the difference between the amount of a substance

and the rate at which a reaction takes place.

Students reflected on how the activity supported their learning. Many explained that the

water-transfer model made the concept easier to understand because they could see a real

example of continuous movement. Some students mentioned that watching water move

between the jars while the water levels remained almost constant helped them understand

why equilibrium is described as a dynamic state rather than a static one.

The teacher also reflected on the lesson by reviewing students’ responses, observing

group discussions, and identifying areas that still needed further explanation. This helped

determine whether the learning objectives had been achieved and provided useful

information for planning the next lesson. Reflection is an important part of inquiry-based

learning because it allows students to connect their observations with scientific concepts

and develop a deeper understanding of what they have taught (Pedaste et al., 2021).

The activity helped many students replace their misconceptions with scientifically correct

explanations and prepared them for the next lesson on the equilibrium constant.

(McKenney& Reeves, 2024; Pedaste et al., 2021).

Cycle One yielded two important findings that shaped subsequent instructional design.

First, the water-transfer model was demonstrably effective in addressing the static

equilibrium misconception: post-discussion reflections showed that the majority of

students revised their understanding from 'reactions stop at equilibrium' to 'forward and

reverse reactions continue at equal rates.' This supports research showing that concrete

analogical models can facilitate conceptual restructuring by making abstract dynamic

processes observable (Taber, 2022). Second, the cycle revealed that students held a

conflation between equal concentrations and equal reaction rates — a distinction that had

not been addressed in the initial activity design. This finding informed Cycle Two's focus

on the equilibrium constant, where rate-vs-concentration confusion was explicitly

targeted through guided data analysis. The iterative decision to carry unresolved

conceptual difficulties forward as design inputs for the next cycle exemplifies the DBR

principle of continuous evidence-informed refinement (McKenney & Reeves, 2024).
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4.2.2 Cycle Two: Understanding the Equilibrium Constant (Kc)

The second cycle focused on helping students understand the concept of the equilibrium

constant (Kc). Findings from the first cycle showed that although students had developed

a better understanding of reversible reactions and dynamic equilibrium, many still had

difficulty understanding how equilibrium can be described quantitatively. Therefore, this

cycle was designed to help students understand what the equilibrium constant means and

how it relates to the position of equilibrium.

Analysis and Exploration Phase: The lesson began with questions designed to explore

students' existing understanding of the equilibrium constant. Students were asked

questions such as: “What does the equilibrium constant tell us?”, “What is the difference

between equilibrium constant and reaction rate”, and “Does equilibrium mean equal

amounts of reactants and products?”

The discussion revealed several misconceptions. Many students believed that a large

equilibrium constant meant that a reaction occurs very quickly. Others thought that

equilibrium can only be reached when equal amounts of reactants and products are

present. Only a few students were able to explain that the equilibrium constant describes

the relationship between reactants and products when equilibrium is established.

When students were presented with reactions having different Kc values, many

interpreted a larger value as indicating a faster reaction. This showed that they were

confusing reaction rate with equilibrium position. Similar misconceptions have been

reported in previous studies, which found that students often struggle to distinguish

between kinetic concepts and equilibrium concepts because both involve chemical

reactions but describe different aspects of the process (Taber, 2022; Barke et al., 2022).

To explore these ideas further, students were given concentration data from several

equilibrium systems and asked to discuss what the values suggested about the reactions.

Working in groups, they compared different equilibrium situations and shared their

interpretations. During these discussions, students began to realize that equilibrium does

not require equal amounts of reactants and products. This finding is consistent with

research showing that students often enter chemistry classrooms with alternative



44

conceptions that need to be challenged through active learning experiences (Pedaste et al.,

2021; OECD, 2023).

Design and Construction Phase: Based on the difficulties identified during the

exploration phase, activities were designed to help students construct their understanding

through inquiry and collaborative learning.

Students were organized into small groups and provided with equilibrium concentration

data for several reversible reactions. Rather than giving students the equilibrium

expression directly, they were encouraged to examine the data, identify patterns, and

discuss possible explanations. This approach allowed students to discover important

relationships themselves rather than simply memorizing formulas.

As students analyzed the data, they noticed that certain relationships between reactants

and products remained constant even when the starting concentrations were different. The

teacher guided the discussion by asking questions such as: “What pattern do you

observe?”, “Why do you think this value remains constant?”, and “What does a large Kc

value tell us about the reaction?.”

Through discussion and evidence-based reasoning, students gradually developed the

understanding that the equilibrium constant does not indicate how fast a reaction occurs.

Instead, it shows whether reactants or products are favored at equilibrium. Students

learned that large Kc values indicate greater product formation, while small Kc values

indicate that reactants are favored.

During group work, students actively debated different explanations and supported their

ideas using evidence from the data provided. Classroom observations showed that

students became more engaged as the lesson progressed. Many students who were

initially hesitant began contributing to discussions, asking questions, and explaining their

reasoning to classmates. Research has shown that inquiry-based learning promotes deeper

conceptual understanding because students actively construct knowledge through

investigation, discussion, and reflection rather than passively receiving information

(Pedaste et al., 2021; Furtak et al., 2023).
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The collaborative nature of the activities also appeared to support critical thinking

development. Students were required to analyze information, evaluate explanations, and

justify conclusions using evidence. These are important components of critical thinking

and scientific reasoning. Similar findings have been reported by recent studies indicating

that inquiry-oriented learning environments improve students' ability to think critically

and solve scientific problems (Hassan et al., 2023; UNESCO, 2023).

Evaluation and Reflection Phase: At the end of the lesson, students completed individual

exercises and reflection activities to evaluate their understanding of the equilibrium

constant. They were asked to explain the meaning of Kc in their own words, interpret

different equilibrium constant values, and describe how their understanding had changed

during the lesson.

The responses showed a clear improvement in conceptual understanding. Most students

correctly explained that the equilibrium constant describes the relative amounts of

reactants and products present at equilibrium. They also recognized that equilibrium does

not necessarily involve equal amounts of substances and that Kc provides information

about the position of equilibrium rather than reaction speed.

During the reflection session, students openly discussed changes in their thinking.

One student (at group 4) explained:

“Before this lesson, I thought Kc showed how fast a reaction happens. Now I understand

that it tells us whether products or reactants are favored when equilibrium is reached.”

Another student (group 2) stated:

“I used to think equilibrium meant equal amounts of reactants and products, but the

activities helped me understand that equilibrium depends on the balance of reaction

rates.”

These reflections suggest that many students successfully replaced their previous

misconceptions with scientifically accepted explanations. Similar conceptual changes

have been reported in chemistry education studies, where inquiry-based activities help
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students confront and revise incorrect ideas through evidence-based learning experiences

(Taber, 2022; Barke et al., 2022).

The teacher's reflection also indicated significant progress in students' understanding.

Compared with the first cycle, students demonstrated greater confidence when discussing

equilibrium concepts and relied less on memorization. Their explanations became more

detailed, and they were better able to justify their answers using scientific reasoning.

However, a few students continued to experience difficulty interpreting very large and

very small Kc values. This finding agrees with previous studies showing that numerical

interpretation of equilibrium concepts remains challenging for some learners even after

instruction (Çalık&Ayas, 2021). As a result, additional examples and guided practice

activities were incorporated into the next cycle.

Through exploration, discussion, data analysis, problem-solving, and reflection, students

developed a deeper understanding of a concept that is often considered difficult in

chemistry. The findings support previous research showing that inquiry-based learning

can improve conceptual understanding, critical thinking, and long-term retention of

scientific concepts (Furtak et al., 2023; Hassan et al., 2023; McKenney& Reeves, 2024;

Pedaste et al., 2021).

4.2.3 Cycle Three: Le Chatelier's Principle and Factors Affecting Chemical Equilibrium

Analysis and Exploration Phase: The third cycle focused on Le Chatelier's Principle and

the factors that affect chemical equilibrium. Before introducing new concepts, students

were encouraged to revisit and reflect on the ideas developed during Cycle Two

concerning equilibrium constants and the equilibrium state. The purpose was to

determine whether students had fully understood that equilibrium is established when the

rates of the forward and reverse reactions become equal and that the equilibrium constant

expresses the relationship between reactants and products at equilibrium. To activate

prior knowledge, students were presented with a series of questions:

1. What happens to a reaction when equilibrium is reached?

2. Do the reactants and products stop reacting at equilibrium?
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3. Why do concentrations remain constant at equilibrium?

4. What does a large equilibrium constant indicate about a reaction?

5. Can an equilibrium system respond to changes imposed from outside the system?

6. If additional reactant is added to a system at equilibrium, what will happen and why?

Students discussed these questions in groups and shared their responses. Their answers

revealed that although most students could explain the meaning of dynamic equilibrium,

several still struggled to connect equilibrium constants with changes occurring in an

equilibrium system. Some students correctly predicted the direction of equilibrium shifts

but could not explain the molecular reasons behind those changes. Others relied on

memorized rules without understanding how the system attempts to restore equilibrium.

To further explore students' critical thinking, the teacher presented the following

equilibrium reaction:

N₂ (g) + 3H₂ (g) ⇌ 2NH₃ (g)

Students were asked:

1. What would happen if more hydrogen gas were added?

2. What would happen if ammonia were removed from the system?

3. Why would the reaction shift in a particular direction?

4. How does the system restore equilibrium after the disturbance?

These questions encouraged students to recognize that equilibrium systems are dynamic

and capable of responding to external changes. The exploration phase revealed that

students needed deeper understanding of the relationship between equilibrium conditions

and disturbances imposed on the system. Similar difficulties have been reported in

chemistry education research, where students often memorize Le Chatelier's Principle

without understanding the underlying particle-level processes (Taber, 2022).

Design and Construction Phase: during the exploration phase, learning activities were

designed to help students develop a better understanding of Le Chatelier's Principle
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through observation, prediction, discussion, and experimentation. The activities were also

intended to strengthen the concepts learned in Cycle Two, particularly the ideas of

dynamic equilibrium and equilibrium constants.

At the beginning of the lesson, students were reminded of what they had learned in the

previous cycle. The teacher asked questions such as:

1. What happens when a system reaches equilibrium?

2. Do reactions stop at equilibrium?

3. What does it mean when the forward and reverse reaction rates are equal?

4. What might happen if an equilibrium system is disturbed?

These questions helped students connect their previous learning with the new concept

being introduced. To demonstrate Le Chatelier's Principle, a simple equilibrium

experiment involving iron (III) chloride (FeCl₃) and potassium thiocyanate (KSCN) was

carried out. When these solutions are mixed, they form a blood-red colored complex ion.

This color change provided a clear visual representation of equilibrium and made it easier

for students to observe changes in the system.

Before conducting the experiment, students were asked to predict what would happen if

more reactants were added or if one of the substances in the system was removed.

Students discussed their predictions in groups and explained the reasons for their answers.

First, additional iron (III) chloride solution was added to one test tube, while additional

potassium thiocyanate solution was added to another. Students observed that the red color

became darker in both cases. Through guided discussion, they concluded that adding

more reactants caused the equilibrium to shift toward the product side, resulting in the

formation of more red-colored complex ions.



49

Figure 3: lab activities which demonstrate Le Chatelier's Principle.

The teacher then asked students:

1. Why did the red color become darker?

2. What does this tell us about the direction of the equilibrium shift?

3. How is the system responding to the added reactants?

These questions encouraged students to explain their observations using scientific

reasoning rather than simply recalling memorized rules.

Next, sodium phosphate solution was added to the equilibrium mixture. Students

observed that the red color gradually faded and the solution became lighter. After careful

observation, students discussed possible explanations for this change.

Through questioning and group discussion, students realized that the phosphate ions

removed some of the iron ions from the equilibrium system. As a result, the equilibrium

shifted back toward the reactant side to replace the lost iron ions. This caused the

concentration of the red-colored product to decrease, and the original yellowish color of

the iron solution became visible again.

1. The teacher guided students using questions such as:

2. Why did the red color disappear?
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3. Which substance was removed from the equilibrium system?

4. In which direction did the equilibrium shift?

5. How does this observation support Le Chatelier's Principle?

As students discussed these questions, they began to understand that an equilibrium

system responds to a disturbance by shifting in a direction that reduces the effect of that

disturbance. Rather than memorizing definitions, students were able to see the process

happening in front of them and explain it using evidence from their observations.

The experiment generated considerable interest among students because they could

directly observe the color changes associated with equilibrium shifts. Many students who

previously found Le Chatelier's Principle difficult to understand reported that the activity

helped them visualize how equilibrium systems respond to changes in concentration.

Throughout the activity, students worked collaboratively to make predictions, observe

changes, discuss ideas, and develop explanations. The teacher acted as a facilitator by

asking guiding questions and encouraging students to justify their answers using evidence.

This approach helped students become active participants in the learning process and

promoted deeper conceptual understanding.

The activity also reinforced the concepts learned in Cycle Two. Students were able to

connect their understanding of dynamic equilibrium with the idea that equilibrium

systems can respond to changes in concentration while still maintaining a balance

between forward and reverse reactions. By the end of the lesson, most students could

correctly explain how changes in concentration affect equilibrium position and could

apply Le Chatelier's Principle to similar situations.

These findings support previous studies showing that inquiry-based laboratory activities

help students understand abstract chemistry concepts by connecting theory with

observable evidence (Pedaste et al., 2021; Furtak et al., 2023). The use of visual

demonstrations and guided inquiry enabled students to develop a more meaningful

understanding of chemical equilibrium and strengthened their critical thinking skills.
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Evaluation and Reflection Phase: After completing the experiment and group

discussions, students were given time to evaluate their understanding and reflect on what

they had learned. The purpose of this phase was not only to assess their knowledge of Le

Chatelier's Principle but also to encourage them to think critically about the evidence they

had observed during the experiment.

Instead of asking students to recall definitions, the teacher used a few open-ended

questions that required deeper thinking and scientific reasoning. The questions included:

1. Why do you think the equilibrium system responded when we added more reactants?

2. How the color did changes help you understand what was happening in the reaction?

3. If you were to disturb the system in a different way, what do you think would happen

and why?

4. How does the system try to restore equilibrium after a change is introduced?

5. What evidence from the experiment supports your explanation?

Students first reflected individually and then discussed their ideas in groups. During the

discussions, they were encouraged to justify their answers using observations from the

experiment rather than relying on memorized rules. This approach helped students

explain not only what happened but also why it happened.

Many students explained that adding iron (III) chloride or potassium thiocyanate

increased the concentration of reactants, causing the system to produce more products.

They supported their explanations by referring to the darker red color that appeared

during the experiment. Similarly, students explained that the addition of sodium

phosphate removed iron ions from the system, causing the equilibrium to shift in the

opposite direction. They used the fading of the red color as evidence for their conclusions.

As the discussion continued, students began to compare different explanations and

evaluate the reasoning of their classmates. Some students initially focused only on the

color changes, while others connected the observations to the movement of the

equilibrium position. Through questioning and discussion, students gradually developed
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more complete and scientifically accurate explanations. To encourage reflection on

learning, students were asked one final question:

“How has your understanding of chemical equilibrium changed after this activity?”

Most students reported that they previously viewed Le Chatelier's Principle as a rule that

had to be memorized. However, after observing the experiment and discussing the results,

they understood that equilibrium systems respond to changes in predictable ways. Several

students mentioned that seeing the color changes helped them connect theoretical ideas

with real chemical processes.

Classroom observations during this phase showed that students were more confident in

explaining scientific concepts and defending their ideas with evidence. They actively

participated in discussions, listened to alternative viewpoints, and revised their

explanations when necessary. These behaviors demonstrated the development of critical

thinking skills, including analysis, reasoning, evaluation, and evidence-based decision-

making.

The reflective discussions also helped students recognize how their thinking had changed

throughout the learning process, reinforcing both conceptual understanding and critical

thinking skills.

4.3 Students’ Critical Thinking Skills and Conceptual Understanding Before and

After the DBR–IBL Intervention

To evaluate the impact of the design-based research–inquiry-based learning (DBR–IBL)

intervention, student performance was tracked across two primary domains: critical

thinking skills and conceptual understanding of chemical equilibrium. The statistical

profile comparing the baseline and post-intervention scores for the matched analytical

sample (N = 30) is presented in Table 4 &Table 5.

Baseline Performance (Pre-Test Analysis)

Prior to the DBR–IBL intervention, students exhibited moderate baseline scores with an

average mean of 29.30. The pre-test scores demonstrated a wide distribution, ranging

from a minimum of 16.00 to a maximum of 45.00, resulting in a high standard deviation
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(SD = 7.84). This high variance indicates a highly heterogeneous group with massive

achievement gaps, confirming that students held varying degrees of baseline critical

thinking skills and prominent conceptual bottlenecks regarding chemical equilibrium.

Post-Intervention Performance (Post-Test Analysis)

Following the implementation of the iterative DBR–IBL framework, student scores

demonstrated a substantial upward shift. The post-test mean increased to 42.63,

representing an absolute descriptive gain of 13.33 points. Furthermore, the performance

floor rose dramatically, with the lowest score rising from 16.00 up to 36.00.

Concurrently, the standard deviation compressed by more than half, dropping to 3.48

with scores tightly clustered between 36.00 and 50.00. This contraction in variance

proves that the student cohort became significantly more homogeneous in their mastery.

The DBR–IBL intervention successfully pulled up lower-performing students and closed

the initial classroom achievement gap without capping the growth of top performers.

Inferential Analysis and Statistical Significance

A parametric paired-samples t-test was executed to determine whether this 13.33-point

mean increase was statistically genuine. The normality of the underlying data distribution

was confirmed beforehand, as skewness (Pre = 0.153, Post = 0.432) and kurtosis (Pre = -

0.963, Post = -0.442) metrics sat safely within acceptable psychometric boundaries (±1.0

for skewness; ±2.0 for kurtosis) (Table 4).

The paired-samples t-test confirmed that post-test scores were significantly higher than

pre-test scores, t(29) = -13.75, p < 0.001. Because the p-value is well below the standard

alpha threshold (α = 0.05), the null hypothesis is confidently rejected. The results

demonstrate that the observed learning gains are directly attributable to the intervention

rather than random chance.

Practical Significance and Magnitude of Effect
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To evaluate the real-world magnitude of the DBR–IBL intervention, the standardized

mean difference was calculated using Cohen’s d. According to classical psychometric

conventions, an effect size exceeding 0.80 is classified as large.

The analysis revealed an exceptionally large effect size (d = 2.51), which indicates that

the average student's performance shifted upward by more than two and a half standard

deviations relative to the baseline distribution. This extreme magnitude confirms that the

structured, inquiry-based scaffolding developed through the design-based research cycles

exerted a profound, transformative practical impact on students’ critical thinking

capacities and conceptual clarity.

4.4 Integrated Qualitative Findings (Interview and Observational Data)

This study’s qualitative component sought to deeply understand students’ experiences

and perceptions of learning chemical equilibrium using DBR-IBL approach. To capture

the degrees of these experiences, data were collected from two primary sources: semi-

structured interviews with purposively selected students. In addition, systematic

classroom observations data were collected to triangulate the interview data findings.

This deliberate combination of verbal accounts and observed behaviors provided a rich,

triangulated perspective on the nature of students’ engagement, cognitive processes, and

affective experiences within each instructional environment.

The qualitative analysis resulted in five main themes emerged from the reflexive thematic

analysis, which captured the cognitive restructuring, behavioral adaptations, and personal

evaluations of the student cohort throughout the intervention: (1) improved understanding

of chemical equilibrium, (2) improvement in critical thinking skills, (3) active

participation and engagement, (4) lived experiences of students with the engagement and

participation in the DBR-IBR approach, and (5) challenges faced during the intervention.

Each theme is detailed below with rich interpretive commentary, direct quotations from

participants, and supporting classroom observations to contextualize and deepen the

qualitative narrative.

Theme 1: Improved Understanding of Chemical Equilibrium
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The integration of narrative reflections and behavioral tracking demonstrated a profound

shift in students’ conceptual frameworks, proving that the DBR–IBL approach effectively

facilitated conceptual change. For example, one participant expressed an improved

understanding of chemical equilibrium concept. He noted that:

“Before these lessons, I thought equilibrium meant that the reaction stopped. Now I

understand that the forward and reverse reactions continue, but they occur at the same

rate.” (S5)

This excerpt demonstrates a clear transition from a faulty “static” mental model to an

accurate dynamic equilibrium understanding. This cognitive shift was visually confirmed

by classroom observations during the final design cycles, where the observer records

noted ‘students actively manipulating simulation paths to demonstrate continuous,

simultaneous forward and reverse reactions to their peers’. Both data sources highlighted

that the hands-on tracking of dynamic rates forced students to visualize microscopic

particle movements running continuously at mathematically equal velocities, replacing

their baseline assumption that balanced states represent a complete physical freeze.

Likewise, another student reiterated that the employed approach to teaching the dynamic

equilibrium was helpful to see the pattern-based thinking regarding when and how the

dynamic equilibrium is established. Her view echoed like this:

“Yes. I thought equilibrium meant equal amounts of reactants and products. Now I know

that this is not always true...and I was oblivious to this kinds of thinking, for I believe that

equilibrium I meant to be equal amount of reactants and products. As such the concept of

dynamic equilibrium had become much clearer afterwards.”(S5)

Students routinely carry the intuitive misconception that equilibrium demands an

identical chemical mass or product concentration on both sides of an equation.

Triangulating this interview response with classroom observations reveal that during

early laboratory tasks, multiple groups hesitated and re-checked their calculations when

their measured product quantities did not perfectly equal their reactant quantities.
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However, by the middle of the intervention, field notes showed groups confidently

recording unequal concentrations while explicitly stating aloud that the system was

balanced. The laboratory layouts successfully uncoupled the concept of rate uniformity

from spatial quantity, helping students overcome cognitive conflict and establish a

sophisticated grasp of concentration ratios. Regarding this line of thinking, one

participant highlighted his ideas as follows:

“I now understand that equilibrium can change when conditions such as pressure,

concentration, or temperature change... The soft drink experiment helped me see how

pressure affects equilibrium. Before, I memorized the principle, but now I understand

how it works in real situations.” (S6)

This statement indicated that the intervention leads to achieve a contextualized way of

understanding about Le Chatelier’s Principle by shifting it from a dry, rote-memorized

definition into an adaptable framework. This is strongly supported by observation logs

recorded during the carbonated beverage experiment, which noted high levels of focused

activity where students stood up, closely tracked the rate of gas bubble generation upon

pressure release, and immediately referenced their Le Chatelier’s guide sheets to trace the

direction of the equilibrium shift. The behavioral data confirms that observing an

everyday phenomenon in real time allowed learners to successfully link macroscopic

visual changes to microscopic ones, thereby fostering their ability to connect real-life

phenomena with general chemical concepts.

Theme 2: Improvement in Critical Thinking Skills

The qualitative synthesis verified that the iterative design cycles forced a transition from

superficial heuristic processing to rigorous evidence-based reasoning and higher-order

critical thinking skills.

Some students were of the opinion that the employed DBR-IBL approach to learning the

factors affecting equilibrium promoted their capability to provided evidence-based

reasoning during the learning process. For example, one participant reiterated the

following:
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“During the soft drink experiment, we were asked to explain why bubbles formed when

the bottle was opened. At first, I was not sure of the answer. I thought it was just because

air entered the bottle. After discussing with my group and looking at what happened in

the experiment, I understood that the pressure changed and affected the equilibrium.”

(S1)

This quote displays the trajectory of a student abandoning an initial superficial hypothesis

(“air entering the bottle”) in favor of evidence-based reasoning. This cognitive transition

is physically illustrated by observer notes from the beginning of this experiment, which

highlighted that ‘individual students initially blurted out superficial answers without

consulting their data, but were quickly corrected by group members who pointed directly

to their recorded data tables to force a reconsideration’. The physical behavior of using

data tables during arguments highlights how the peer-led environment operationalized

critical thinking, forcing individual learners to reject baseline assumptions and replace

them with valid thermodynamic explanations.

Despite this, some students found that the practical teaching approach was demanding in

terms of articulating the chemical concepts during the investigative process. This is

evident during the expressions of her opinion in this aspect, which is presented as follows:

“The difficult part was explaining the reason behind the observation. We had to think

about the chemistry, not only what we saw... I used the evidence from the experiment and

what we learned about Le Chatelier’s Principle.” (S1)

Challenge identified by the student moving past raw sensory data to explain underlying

chemistry is visually corroborated by classroom logs revealing that ‘some students spent

a significant portion of their lab time engaged in prediction and justification phases’.

Observers noted that students routinely drew molecular-level diagrams on whiteboards to

“see” the invisible chemical shifts that explained their physical observations. The

instructional scaffolding successfully trained students to treat physical markers (like

bubbling) as clues to decode invisible chemical transformations, moving them away from

superficial descriptions toward structural chemical analysis.
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Some students demonstrated that their involvement in DBR-IBL was beneficial for

offering opportunities to evaluate their own ideas in the lens of their colleague’s way

explanation of particular topics. This is event in the following excerpt expressed by one

participant:

“In one activity, we had to predict what would happen when the concentration of a

reactant increased. Different students had different answers, so we had to discuss and

decide which explanation made the most sense... Before, I usually accepted the first

answer. During these lessons, I learned to compare different ideas and choose the one

supported by evidence.”(S2)

This reflection confirms a direct upgrade in the student's cognitive processing through an

analysis of explanations. This finding highlights that providing chances for students to

think deeply while working collaboratively and letting them do interactive tasks that help

evaluate each other might be the reason for their enhanced learning in the factors that

affect the directions of equilibrium meaningfully. This upgrade was further

complemented by the observation note findings that the observer documented multiple

instances of productive peer debate, including an exchange where a group spent over five

minutes debating concentration shifts, with students actively cross-referencing conflicting

predictions against their empirical laboratory findings before writing down a final group

consensus. The observed behavioral pattern validates the student's interview statement:

the cooperative environment systematically broke the habit of rushing to a passive

consensus, and rather replacing it with a rigorous process of weighing conflicting ideas

against empirical benchmarks.

Some participants liked the chance offered to ask sound questions pays off in terms of

promoting their critical thinking skills. On participant said:

“The teacher frequently asked us to explain our answers. This helped me think more

carefully and give reasons for my ideas.”(S1)
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The recurring demand for justification altered the students' internal cognitive pacing,

thereby increasing their critical thinking skills. Similarly, field notes finding revealed a

distinct teaching pattern: whenever a group gave a quick or one-word answer, the

instructor immediately responded with Socratic prompts such as, “What is your evidence

for that?” or “How does Le Chatelier’s Principle support this view?” The instructor's

consistent behavioral positioning acted as an external cognitive regulator, training

students to slow down, review their own logic, and systematically verify their claims

before presenting them, all of which are helpful for improve students’ critical thinking

skills.

Theme 3: Active Participation and Engagement

The DBR–IBL environment triggered a marked increase in student agency and collective

motivation, shifting the classroom dynamic into a collaborative learning model.

Some participants were of the opinion that the employed approach was crucial for leading

them to be responsive learners, and at the same time to appreciate the benefits of working

in social groups. A participant who shared this idea reiterated that:

“Before, the teacher explained most of the content. In these lessons, we had to investigate

and find answers ourselves... I participated more because I had a role in the group

activities and discussions.” (S3)

This response highlights a major shift in accountability within the classroom. Observers

documented this transition through a striking change in classroom physical dynamics:

traditional teacher-fronted lectures were replaced by a decentralized layout where the

teacher moved around the room as a facilitator, while students took physical ownership of

lab materials, timing devices, and recording sheets. The decentralization recorded in field

notes directly mirrors the student's reported sense of elevated accountability, confirming

that reducing passive lecture time successfully transformed students from passive

consumers of information into active stakeholders who felt personally responsible for

their group's investigative outcomes.
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With regard to the benefits of the interactive lab activities provided during the

investigative process, one participant reflected that chances offered to discuss scientific

ideas with colleagues is supportive to promote his ability to explain chemical concepts

with ease. He noted like this:

“It helped me understand the lesson better because I could see what was happening and

talk about it with others. Sometimes my classmates explained ideas in a way that was

easier for me to understand.” (S3)

This excerpt underscores the immense value of collaborative learning. This collaborative

scaffold was caught in real time by observers who frequently recorded students leaning in

toward each other, using informal language, hand gestures, and everyday analogies to

explain complex concentration graphs to struggling peers. Small-group settings served as

local translation hubs, where observed student-to-student gestures and informal

explanations bridged conceptual gaps that formal instructional terminology could not.

Theme 4: Lived Experiences of Students with Engagement and Participation in the

DBR-IBL approach

The overarching consensus regarding the DBR–IBL intervention was highly favorable,

with students viewing it as a valuable framework that links conceptual theory with real-

world practice.

This is apparent in some students who demonstrated that learning chemistry through this

practical based and process-oriented inquiry has the potential to pave the way to associate

real-world scenarios with scientific concepts. One participant opined her perspectives like

this:

“I enjoyed the experiments and group discussions because they made the lessons more

interesting... I learned how to think about a problem and explain my answer rather than

just memorizing information.”(S7)

This feedback shows a clear rejection of traditional learning approaches. This high

interest level is corroborated by classroom observers who noted zero signs of off-task
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behavior (such as phone distraction or side conversations) during experimental cycles;

instead, students remained consistently engaged in handling equipment, debating steps,

and drafting scientific conclusions. The total absence of off-task behavior validates the

student's statement and proves that students value true conceptual understanding over

short-term test memorization when given a highly engaging, active learning environment.

Theme 5: Challenges Faced During the Intervention

Despite the high quantitative gains, the transition into an open-ended inquiry environment

created clear initial friction and cognitive discomfort for students.

While the DBR-IBL approach is applauded by most of the participants, some students

clearly showed what they encountered challenges related to making the abstract chemical

concepts accessible to grasp.

One participant highlighted that adapting to the employed approach is difficult and it is

particularly demanding until exposed to sufficient lab activities are performed. He said

Like this:

“At first, I was not confident when sharing my ideas... My classmates encouraged me,

and I became more comfortable speaking during discussions.” (S7)

Because students were accustomed to low-stakes rote memorization, they experienced

initial stress when asked to articulate and defend their scientific reasoning out loud. This

anxiety was tracked in field notes from the first week of the intervention, which noted

that several students sat silently during group work, avoided eye contact during

presentations, or spoke in low, hesitant voices. However, by the third week, observers

recorded these same students actively volunteering to present their group’s whiteboard

models. Combining these observations with the interview data reveals that a supportive

peer group acts as a crucial safety net, helping students overcome communication anxiety

and progressively build academic confidence.

Another participant expressed similar ideas to the ideas of the above participant. She

reiterated like this:
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“Sometimes it was difficult to explain my thinking, especially at the beginning... The

more we practiced, the easier it became to explain and defend our ideas.” (S8)

The student highlights a common hurdle: the challenge of translating an intuitive thought

process into a structured, clear explanation. This friction was documented by observers

who noted initial pauses, fragmented sentences, and prolonged debates within groups

when students were first forced to write down their step-by-step reasoning. Both the

behavioral data and the transcript confirm that articulating scientific arguments is a

learned skill that requires continuous practice and reinforcement to become comfortable.

4.5 Discussion of Findings

This study examined the effect of a design-based research–inquiry-based learning (DBR–

IBL) intervention on grade 11 students’ conceptual understanding of chemical

equilibrium and their critical thinking skills. The quantitative findings revealed

substantial learning gains following the intervention, with students’ mean scores

increasing from 29.30 in the pre-test to 42.63 in the post-test and yielding a very large

effect size (d = 2.51). These findings suggest that the intervention was effective in

supporting students' learning of chemical equilibrium, a topic that has consistently been

identified as one of the most conceptually difficult areas in secondary chemistry

education (Kousathana & Tsaparlis, 2002; Bain & Towns, 2016; Saputra & Parbuntari,

2025).

The positive learning outcomes observed in this study are consistent with a growing body

of research indicating that inquiry-based science instruction improves students’

conceptual understanding by engaging them actively in the process of knowledge

construction (Furtak et al., 2012; Lazonder & Harmsen, 2016; Jegstad, 2024). Previous

studies have shown that inquiry-oriented learning environments provide opportunities for

learners to investigate scientific phenomena, generate explanations, test ideas, and use

evidence to support claims. The present study supports these findings by demonstrating

that students who participated in inquiry-based equilibrium activities developed a more

sophisticated understanding of equilibrium concepts. However, unlike many previous

studies that focused primarily on measuring learning outcomes, the current study also
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examined how iterative design refinements and classroom-based inquiry experiences

contributed to conceptual development. This provides a more detailed understanding of

the mechanisms through which inquiry-based learning can support chemistry learning in

authentic classroom settings.

A particularly important finding concerns students' conceptual change regarding chemical

equilibrium. Prior to the intervention, many students held misconceptions commonly

documented in chemistry education literature. For example, students viewed equilibrium

as a state in which reactions stop completely or assumed that equal concentrations of

reactants and products must be present at equilibrium. Such misconceptions have been

reported across different educational contexts and continue to present significant barriers

to meaningful learning (Hackling & Garnett, 1985; Bain & Towns, 2016; Saputra &

Parbuntari, 2025). Following the intervention, students demonstrated a more scientifically

accurate understanding of equilibrium as a dynamic process in which forward and reverse

reactions occur simultaneously at equal rates.

This finding aligns with conceptual change theories, which suggest that learners revise

their existing conceptions when they encounter experiences that challenge their prior

understanding and provide more plausible scientific explanations (Posner et al., 1982;

Vosniadou, 2019). While previous studies have shown that inquiry-based approaches can

reduce misconceptions in chemistry (Çalik et al., 2015; Saputra & Parbuntari, 2025), the

present study extends this knowledge by demonstrating how carefully designed inquiry

activities, supported by iterative DBR cycles, can facilitate conceptual reconstruction in

the context of chemical equilibrium. Thus, the contribution of this study lies not only in

confirming the effectiveness of inquiry-based instruction but also in illustrating how

design-based refinements can strengthen conceptual change processes in real classroom

environments.

The hands-on activities incorporated into the intervention appear to have played a critical

role in supporting students' understanding. Activities such as the water-transfer model

and soft-drink experiment enabled students to visualize aspects of equilibrium that are

otherwise difficult to observe directly. Research in chemistry education has consistently

shown that students struggle to connect macroscopic observations with microscopic and
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symbolic representations of chemical phenomena (Johnstone, 1991; Talanquer, 2011).

The findings of this study suggest that inquiry activities that bridge these representational

levels can support students in developing more coherent conceptual frameworks. In this

respect, the study reinforces existing evidence regarding the value of concrete models and

experiential learning in chemistry education while providing an example of how such

activities can be integrated within a DBR informed instructional design.

The study also revealed improvements in students' critical thinking skills. Interview and

observation data showed that students increasingly engaged in interpreting evidence,

evaluating alternative explanations, justifying conclusions, and defending claims using

experimental observations. These findings are consistent with research suggesting that

inquiry-based science instruction supports the development of higher-order thinking

skills by engaging students in authentic scientific practices (Osborne, 2014; García-

Carmona, 2023). The findings also align with contemporary views of scientific literacy,

which emphasize evidence-based reasoning, argumentation, and critical evaluation as

essential competencies for science learners (OECD, 2023).

Although previous studies have reported positive relationships between inquiry learning

and critical thinking development, much of this work has focused on general science

education contexts (Abrami et al., 2015; García-Carmona, 2023). The present study

contributes to this literature by providing empirical evidence from chemistry education,

specifically within the challenging topic of chemical equilibrium. The findings suggest

that inquiry activities that require students to explain observations, compare

interpretations, and justify conclusions can simultaneously promote conceptual

understanding and critical thinking. This highlights the potential of inquiry-based

chemistry instruction to support multiple educational goals rather than focusing solely on

content acquisition.

Another notable finding concerns student engagement and participation. Students

described the intervention as more interactive, enjoyable, and intellectually stimulating

than their previous learning experiences. They particularly valued opportunities to

conduct experiments, discuss ideas collaboratively, and discover explanations through

investigation. These findings support previous research demonstrating that inquiry-based
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learning promotes greater motivation, engagement, and ownership of learning than

traditional teacher-centered approaches (National Research Council, 2000; Lazonder &

Harmsen, 2016; Jegstad, 2024). Increased engagement may partly explain the substantial

learning gains observed in this study, as students who are cognitively and emotionally

invested in learning activities are more likely to engage in productive learning behaviors.

At the same time, the findings indicate that students initially experienced challenges

when adapting to inquiry-based learning. Many were reluctant to articulate their ideas,

justify their reasoning, or participate in scientific discussions. Similar challenges have

been reported in studies where students transition from teacher-centered instruction to

inquiry-oriented learning environments (Hmelo-Silver et al., 2007; Furtak et al., 2012).

However, these difficulties gradually diminished as students gained experience with

inquiry processes and received support from the teacher and their peers. This finding

underscores the importance of scaffolding in inquiry-based learning and supports

research suggesting that guidance remains essential for successful inquiry

implementation (Lazonder & Harmsen, 2016).

The iterative nature of the DBR approach also appears to have contributed significantly

to the intervention's success. Through continuous observation, reflection, and refinement,

instructional activities were adapted to address students' emerging learning needs. This

finding is consistent with DBR literature, which emphasizes the value of iterative cycles

for developing contextually relevant and theoretically informed educational innovations

(Anderson & Shattuck, 2012; Halawa et al., 2024). While many studies evaluate the

effectiveness of inquiry-based interventions after implementation, fewer studies examine

how ongoing refinement during implementation contributes to improved learning

outcomes. The present study therefore adds to the growing body of DBR research by

illustrating how iterative adaptation can enhance the effectiveness of inquiry-based

chemistry instruction.

The integration of quantitative and qualitative findings provides a comprehensive

understanding of both the outcomes and processes of learning. Quantitative data

demonstrated substantial achievement gains, while qualitative evidence revealed how

students developed conceptual understanding, confidence, scientific reasoning, and
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engagement through participation in inquiry activities. The convergence of these findings

strengthens the credibility of the results and provides a richer account of how learning

occurred.

Overall, this study contributes to the science education literature in three important ways.

First, it provides further evidence that inquiry-based learning can support conceptual

understanding and critical thinking in chemistry education. Second, it extends existing

research by demonstrating how the integration of Design-Based Research and Inquiry-

Based Learning can facilitate conceptual change in a complex chemistry topic such as

chemical equilibrium. Third, it offers context-specific evidence from a secondary school

setting, illustrating how iterative instructional design, hands-on inquiry experiences, and

teacher scaffolding can work together to support meaningful science learning. While the

findings are limited to the context in which the intervention was implemented, they

provide useful insights for researchers and practitioners seeking to improve the teaching

and learning of challenging chemistry concepts.

While the findings of this study are encouraging and internally consistent, several

limitations must be acknowledged to ensure appropriate interpretation. First, the study

was conducted in a single public secondary school in Injibara City using a purposive,

intact-class sample of 30 students. The absence of a randomly assigned comparison group

means that the observed learning gains cannot be attributed solely to the intervention with

the confidence afforded by experimental designs; other contextual factors, including the

researcher's presence, the heightened attention given to participating students, and the

specific characteristics of this classroom and teacher, may have contributed to outcomes.

Second, the six-week intervention period did not allow for assessment of the retention or

transferability of learning gains over time. Future research employing delayed post-tests

would be necessary to establish whether the conceptual changes observed are durable.

Third, the study focused exclusively on chemical equilibrium at the Grade 11 level; it

remains an open question whether the DBR–IBL approach produces comparable results

in other chemistry topics, at other grade levels, or in educational contexts outside

Ethiopia.
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4.6 Critical Thinking Development Through the Lens of Facione's Framework

Facione's (2011) model of critical thinking identifies six core intellectual dispositions:

interpretation, analysis, evaluation, inference, explanation, and self-regulation. The

qualitative evidence generated in this study maps coherently onto these dispositions,

providing a structured basis for interpreting the observed CT development.

Interpretation was evidenced by students' growing ability to read concentration data and

graph patterns meaningfully — for example, recognizing that constant post-equilibrium

concentrations indicate rate equality rather than reaction cessation. Analysis was

demonstrated through students' identification of causal relationships in experimental

observations, such as linking the darkening of the FeCl₃/KSCN system to the equilibrium

shift induced by increased reactant concentration. Evaluation emerged in peer discussions

where students compared competing explanations and assessed which was best supported

by empirical evidence — a behavior documented in field notes across all three cycles.

Inference was visible in students' ability to predict equilibrium shifts for novel reaction

conditions using Le Chatelier's Principle as a generalized reasoning tool. Explanation was

practiced through the structured requirements of guided worksheets, reflective

discussions, and the teacher's Socratic questioning pattern. Self-regulation the

metacognitive dimension of CT was evidenced by students' mid-activity revisions of their

predictions when observation contradicted their initial reasoning.

Taken together, this pattern of CT development is consistent with the findings of Arifin et

al. (2025), whose meta-analysis identified inquiry-based science instruction as a

significant predictor of CT growth, and with Sutiani et al.'s (2021) study in secondary

chemistry classrooms. The contribution of the present study is to demonstrate that these

CT gains are achievable within a specifically designed DBR–IBL framework applied to

the challenging content area of chemical equilibrium.
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CHAPTER FIVE: CONCULUSSIONSAND IMPLICATIONS

5.1 Conclusions

The findings of this study demonstrate that the design-based research–inquiry-based

learning (DBR–IBL) intervention had a positive and meaningful impact on Grade 11

students’ conceptual understanding of chemical equilibrium and critical thinking skills.

The quantitative results showed a significant improvement in students’ achievement after

participating in the intervention. The increase in post-test scores and the large effect size

indicate that the intervention was successful in helping students develop a stronger

understanding of chemical equilibrium concepts. These findings suggest that learning

environments that actively engage students in inquiry, discussion, and investigation can

support deeper understanding of complex chemistry concepts.

The qualitative findings further strengthened the quantitative results by providing insight

into how students experienced the intervention. Students reported that the inquiry

activities, experiments, and collaborative discussions helped them understand concepts

that they had previously found difficult. In particular, many students explained that they

had initially believed that chemical equilibrium meant a reaction had stopped completely

or that reactants and products must be present in equal amounts. Through the DBR–IBL

activities, students were able to recognize equilibrium as a dynamic process and develop

a more scientifically accurate understanding of equilibrium systems.

The study also revealed that the intervention contributed to the development of students’

critical thinking skills. Students described how they were encouraged to analyze

observations, evaluate different explanations, justify their responses, and support their

conclusions with evidence. Classroom observations similarly showed that students

became increasingly confident in expressing their ideas, asking questions, and

participating in scientific discussions. These findings indicate that the DBR–IBL

approach not only enhanced conceptual understanding but also promoted important

higher-order thinking skills that are essential for science learning.

Another important finding was the positive influence of the intervention on student

engagement and participation. Students described the learning activities as interesting,

interactive, and different from their usual classroom experiences. The opportunity to
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investigate scientific phenomena, work collaboratively with peers, and construct

explanations independently increased their motivation and involvement in the learning

process. As students became more familiar with inquiry-based learning, they also became

more confident in sharing their ideas and solving unfamiliar chemistry problems.

Overall, the findings highlight the value of combining Design-Based Research with

Inquiry-Based Learning in chemistry education. The iterative process of designing,

implementing, evaluating, and refining instructional activities enabled the intervention to

respond to students’ learning needs while promoting meaningful learning experiences.

The study therefore concludes that the DBR–IBL approach is an effective instructional

strategy for improving conceptual understanding, addressing misconceptions, developing

critical thinking skills, and increasing student engagement in learning chemical

equilibrium.

However, it is important to acknowledge that the study was conducted with a relatively

small sample of students from a single secondary school and focused only on the topic of

chemical equilibrium over a six-week intervention period. Therefore, although the

findings are encouraging, they should be interpreted within the context of the study and

may not be generalized to all educational settings without further research.

The present study makes three original contributions to the field of Chemistry Education

Research. First, it extends the existing IBL literature by embedding inquiry-based

chemical equilibrium instruction within a systematic DBR framework — an integration

that has rarely been examined empirically in secondary chemistry settings, and which has

not previously been investigated in the Ethiopian educational context. This integration

addresses a recognized gap between the theoretical promise of inquiry-based chemistry

instruction and its inconsistent implementation quality, by providing a principled design

mechanism for continuous instructional refinement.

Second, the study produces context-sensitive design knowledge: not merely evidence that

DBR–IBL 'works,' but insight into how and why it works in a specific classroom setting,

including identification of the specific misconceptions targeted in each design cycle, the

pedagogical moves that proved most effective in eliciting conceptual change, and the
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scaffolding strategies that enabled students to engage productively in evidence-based

reasoning despite initial reluctance.

Third, the study contributes to empirical scholarship on critical thinking development in

chemistry education by applying Facione's (2011) framework as an analytical lens for

interpreting qualitative evidence an approach that enables more precise and replicable

characterization of CT growth than has been typical in the secondary chemistry literature.

These contributions position the study as a meaningful addition to both the international

CER literature and the emerging body of chemistry education research in Sub-Saharan

Africa.

5.2 Implications of the Study

5.2.1 Implications for Chemistry Teachers

Teachers should consider transitioning from lecture-based delivery toward guided inquiry

environments for teaching chemical equilibrium. The present study demonstrates that

structured IBL activities including water-transfer models, guided experiments, and

reflective discussions can be implemented within existing curriculum constraints.

Professional development programs should support teachers in facilitating inquiry rather

than transmitting information.

5.2.2 Implications for Curriculum Developers

The findings suggest that secondary chemistry curricula should be designed to create

space for iterative, inquiry-based engagement with abstract concepts such as chemical

equilibrium. Curriculum frameworks should specify not only content coverage but also

the pedagogical approaches through which conceptually demanding topics are to be

taught, given that the mode of instruction significantly affects the depth of learning

achieved.

5.2.3 Implications for School Leaders and Teacher Educators

School leaders should support the structural conditions that enable inquiry-based teaching

including adequate laboratory resources, flexible scheduling, and a school culture that

values student participation and productive struggle. Teacher educators should
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incorporate DBR–IBL principles into pre-service and in-service chemistry teacher

training programs.

5.2.4 Implications for Educational Policymakers

National educational policies in Ethiopia that prioritize active learning should be

accompanied by targeted investment in classroom resources, teacher training, and

formative assessment tools that make inquiry-based teaching practically viable in public

secondary schools. The present study's intervention was implemented with minimal

additional resources, suggesting that effective inquiry instruction is achievable within

existing resource constraints with appropriate design support.

5.3 Recommendations for Future Research

Based on the findings and limitations of this study, the following directions are

recommended for future research:

(1) Topic Extension: Future studies should apply the DBR–IBL approach to other

conceptually challenging secondary chemistry topics, including chemical kinetics, acids

and bases, electrochemistry, and organic chemistry, to examine whether the approach

generates comparable gains in conceptual understanding and critical thinking across

different content domains.

(2) Comparative Studies: Future research should employ quasi-experimental or

experimental designs with matched comparison groups to enable more confident causal

attribution of learning outcomes to the DBR–IBL intervention, rather than pre-post

designs alone.

(3) Longitudinal Investigation: Studies with delayed post-test designs (e.g., 3–6 months

following the intervention) are needed to investigate whether the conceptual changes and

critical thinking gains observed in this study are durable over time, or whether they

require ongoing inquiry-based reinforcement to be maintained.

(4) Multi-Site and Multi-Context Studies: Future DBR–IBL research should be conducted

across multiple schools in different regions of Ethiopia — including urban, peri-urban,
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and rural settings and across different East African educational systems to examine the

generalizability and contextual sensitivity of the approach.

(5) Teacher Professional Development: Future research should examine how DBR–IBL

principles can be integrated into sustained teacher professional development programs,

and whether teachers who receive training in inquiry facilitation and iterative design

thinking implement more effective chemistry instruction over time.

(6) Student Subgroup Analysis: Future studies with larger samples should investigate

whether the DBR–IBL approach produces equitable learning gains across gender, prior

achievement level, and socioeconomic background dimensions of educational equity that

the present study was not powered to examine.
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Appendices

One : pre-test instrument for chemical equilibrium unit

Critical Thinking Test Questions

Topic: Chemical Equilibrium (Grade 11)

Instructions to Students

Answer all questions carefully.

Show your reasoning and explain your answers clearly.

Use chemical concepts to justify your responses.

Part I: Understanding the Concept of Equilibrium (7.5 Marks)

Problem1. In a closed container the following reaction takes place:

N₂ (g) + 3H₂ (g) ⇌2NH₃ (g)

a) Explain what is meant by chemical equilibrium in this reaction.

b) What happens to the rate of the forward reaction and the reverse reaction when

equilibrium is reached?

Problem2. A student says:
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“When a reaction reaches equilibrium, the reaction stops.’’

Do you agree or disagree with this statement?

Explain your answer using scientific reasoning.

Part II: Application of Le Chatelier’s Principle (7.5 Marks)

Problem3. Consider the equilibrium reaction:

CO (g) + H₂O (g) ⇌CO₂ (g) + H₂ (g)

Predict what will happen to the equilibrium position when:

a) More CO gas is added.

b) Some H₂ gas is removed from the system.

c) The pressure of the system increases.

Problem4. The following reaction is at equilibrium:

2SO₂ (g) + O₂ (g) ⇌2SO₃ (g)

Explain what will happen if:

a) The temperature increases.

b) A catalyst is added.

Provide justification for your answer.
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Part III: Interpretation of Experimental Observations (7.5 Marks)

Problem5. The following equilibrium reaction occurs in a closed container:

2NO₂ (g) ⇌N₂O₄ (g)

The gas NO₂ is brown, while N₂O₄ is colorless.

During an experiment the temperature is increased and the brown color becomes darker.

a) What does this observation suggest about the direction of the equilibrium shift?

b) Based on the observation, determine whether the forward reaction is endothermic or

exothermic. Explain your reasoning.

Problem 6. A graph shows the concentration of substances A and B over time for the

reaction:

A ⇌ B
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At the beginning, the concentration of A decreases while the concentration of B increases.

After some time, both concentrations become constant.

a) .What does the constant concentration indicate about the reaction?

b). Does the reaction stop when equilibrium is reached? Explain.

Part IV: Evaluation and Scientific Argument (7.5 Marks)

Problem 7. The Haber process is used to produce ammonia in industry.

N₂ (g) + 3H₂ (g) ⇌2NH₃ (g)

Industrial chemists use high pressure and moderate temperature.

Explain why these conditions are used to increase ammonia production.

Problem8. A student claims:

“If the equilibrium constant (Kc) is greater than 1, the reaction will go to completion.’’

Evaluate this statement and explain whether it is correct or incorrect.
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Multi-tier diagnostic multiple choice questions for the chemical equilibrium unit

Instructions:

For each question:

 Time: 1hr

 Total item: 20

 Choose the correct answer (Tier 1)

 Indicate your confidence in your answer (Tier 2)

 Choose the reason that best explains your answer (Tier 3)

 Indicate your confidence in your reason (Tier 4)

 Confidence Levels:

C = Certain , NC = Not Certain

Section A: Multiple Choice Questions (20 marks)

Problem 1 (Tier 1). When additional reactant is added to a system at equilibrium, the

equilibrium will:

Shift toward the products

B. Shift toward the reactants

C. Remain unchanged

D. Stop the reaction

Confidence in Answer (Tier 2): C ☐ NC ☐

Reason (tier 3)

A. A system at equilibrium responds to disturbances by reducing their effect.

B. Adding more particles always slows the forward reaction.

C. Equilibrium means reactants cannot change into products.

D. Increasing concentration decreases reaction speed.
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Confidence in Reason (Tier 4): C ☐ NC ☐

Problem 2 (Tier 1). What is the effect of a catalyst on equilibrium?

It shifts equilibrium toward products

B. It shifts equilibrium toward reactants

C. It does not change equilibrium position

D. It increases equilibrium constant

Confidence level in answer (Tier 2): C ☐ NC ☐

Reason (tier 3):

A. A catalyst lowers activation energy for both forward and reverse reactions.

B. Catalysts increase product concentration.

C. Catalysts remove reactant molecules.

D. Catalysts increase the equilibrium constant.

Confidence level in Reason (Tier 4): C ☐ NC ☐

Problem 3 (tier 1). Increasing pressure in a gaseous equilibrium favors:

A. The side with more gas molecules

B. The side with fewer gas molecules

C. The liquid side

D. The solid side

Confidence level in answer (Tier 2): C ☐ NC ☐

Reason (Tier 3)

A. The system tends to reduce the effect of increased pressure.

B. Pressure increases the equilibrium constant.

C. Gas molecules are not affected by pressure.

D. Pressure increases only the forward reaction rate.

Confidence level in Reason (Tier 4): C ☐ NC ☐
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Problem 4 (Tier 1). For an exothermic reaction, increasing temperature will:

A. Shift equilibrium to the right

B. Shift equilibrium to the left

C. Not affect equilibrium

D. Stop the reaction

Confidence level in answer (Tier 2): C ☐ NC ☐

Reason (tier 3)

A. Heat can be treated as part of the reaction when considering equilibrium.

B. Temperature only increases reaction speed.

C. Increasing temperature removes products.

D. Heat behaves like a catalyst.

Confidence level in Reason (Tier 4): C ☐ NC ☐

Problem 5 (Tier 1). Chemical equilibrium is called dynamic because:

A. The reaction stops

B. Only forward reaction occurs

C. Forward and reverse reactions occur simultaneously

D. Products replace all reactants

Confidence level in answer (Tier 2): C ☐ NC ☐

Reason (tier 3)

A. Reactant and product molecules continue reacting even when concentrations remain constant.

B. Molecules stop moving at equilibrium.

C. Only products react after equilibrium.

D. All reactants disappear.

Confidence level in Reason (Tier 4): C ☐ NC ☐
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Problem 6 (Tier 1). Which factor always changes the equilibrium constant?

A. Pressure

B. Temperature

C. Concentration

D. Catalyst

Confidence level in answer (Tier 2): C ☐ NC ☐

Reason (tier 3)

A. Temperature changes the energy balance of the reaction.

B. Pressure determines reaction speed.

C. Catalysts determine equilibrium position.

D. Concentration affects equilibrium constant.

Confidence level in Reason (Tier 4): C ☐ NC ☐

Problem 7 (Tier 1). A reaction shifts to the right when heat is added. The reaction is:

A. Exothermic

B. Endothermic

C. Neutral

D. Catalyzed

Confidence level in answer (Tier 2): C ☐ NC ☐

Reason (Tier 3)

A. Heat can behave as a reactant or product depending on the reaction type.

B. Heat increases equilibrium constant only for exothermic reactions.

C. Heating always favors product formation.

D. Heat removes reactants.

Confidence level in Reason (Tier 4): C ☐ NC ☐

Problem 8 (Tier 1). Removing a product from a system at equilibrium will:
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A. Shift equilibrium toward products

B. Shift equilibrium toward reactants

C. Stop the reaction

D. Have no effect

Confidence level in answer (Tier 2): C ☐ NC ☐

Reason (tier 3)

A. The system tends to restore balance after a disturbance.

B. Products cannot reform once removed.

C. Removing products slows the forward reaction permanently.

D. Removing products decreases equilibrium constant.

Confidence level in reason (Tier 4): C ☐ NC ☐

Problem9 (Tier 1). Pressure change has no effect when:

A. Only gases are present

B. Equal numbers of gas molecules exist on both sides

C. Liquids are present

D. Solids are present

Confidence level in answer (Tier 2): C ☐ NC ☐

Reason (tier 3)

A. Pressure influence depends on the change in total gas particles.

B. Liquids determine gas pressure.

C. Solids control equilibrium shifts.

D. Pressure only changes reaction speed.

Confidence level in reason (Tier 4): C ☐ NC ☐

Problem 10 (Tier 1). At equilibrium:

A. Concentrations are always equal

B. Reaction stops
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C. Forward and reverse reaction rates are equal

D. Products completely dominate

Confidence level in answer (Tier 2): C ☐ NC ☐

Reason (tier 3)

A. Equal reaction rates keep concentrations constant.

B. Reactions stop at equilibrium.

C. Products become stable and stop reacting.

D. Reactants disappear completely.

Confidence level in reason (Tier 4): C ☐ NC ☐

Problem 11(Tier 1). Which statement best describes the equilibrium constant (K) of a reaction?

A. It changes with concentration

B. It changes with temperature

C. It changes with catalyst

D. It changes with pressure

Confidence level in answer (Tier 2): C ☐ NC ☐

Reason (tier 3)

A. The value of the equilibrium constant depends on the energy relationship between reactants

and products.

B. Adding substances always changes the equilibrium constant.

C. Catalysts determine the value of equilibrium constants.

D. Pressure always controls equilibrium constants.

Confidence in Reason (Tier 4): C ☐ NC ☐

Problem 12 (Tier 1). In the Haber process:

N₂ (g) + 3H₂ (g) ⇌2NH₃ (g)

Increasing pressure will:

A. Increase ammonia formation

B. Decrease ammonia formation
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C. Have no effect

D. Stop the reaction

Confidence level in answer (Tier 2): C ☐ NC ☐

Reason (tier 3)

A. Changes in pressure may favor the side that occupies less volume.

B. Pressure increases reaction speed only.

C. Pressure affects only solids and liquids.

D. Pressure removes nitrogen from the reaction.

Confidence level in reason (Tier 4): C ☐ NC ☐

Problem 13 (Tier 1). If the concentration of a reactant decreases, the equilibrium will:

A. Shift toward products

B. Shift toward reactants

C. Remain unchanged

D. Stop completely

Confidence level in answer (Tier 2): C ☐ NC ☐

Reason (tier 3)

A. A system at equilibrium tends to counteract disturbances imposed on it.

B. Removing substances increases equilibrium constant.

C. Equilibrium systems cannot respond to concentration changes.

D. Concentration changes stop reactions.

Confidence level in reason (Tier 4): C ☐ NC ☐

Problem 14 (Tier 1). For the reaction

2SO₂ (g) + O₂ (g) ⇌2SO₃ (g)

Increasing pressure will favor:

A. Formation of SO₂

B. Formation of SO₃

C. Decomposition of SO₃

D. No change

Confidence level in answer (Tier 2): C ☐ NC ☐

Reason (tier 3)
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A. Systems under higher pressure tend to reduce the number of gas particles.

B. Pressure increases equilibrium constant.

C. Pressure only changes temperature.

D. Pressure affects liquids but not gases.

Confidence level in reason (Tier 4): C ☐ NC ☐

Problem 15 (Tier 1). When a catalyst is added to a reaction at equilibrium:

A. Product concentration increases permanently

B. Reactant concentration increases

C. Equilibrium position remains unchanged

D. Reaction stops

Confidence level in answer (Tier 2): C ☐ NC ☐

Reason (tier 3)

A. Catalysts provide an alternative reaction pathway.

B. Catalysts increase equilibrium constant.

C. Catalysts convert reactants directly into products.

D. Catalysts remove activation energy completely.

Confidence level in reason (Tier 4): C ☐ NC ☐

Problem 16 (Tier 1). The reaction quotient Q is used to:

A. Determine whether a reaction is at equilibrium

B. Determine reaction rate

C. Calculate activation energy

D. Measure temperature changes

Confidence level in answer (Tier 2): C ☐ NC ☐

Reason (tier 3)

A. Comparing reaction conditions with equilibrium conditions indicates the direction a reaction

may proceed.

B. Reaction quotient determines catalyst activity.

C. Reaction quotient measures reaction speed.

D. Reaction quotient determines temperature effects.

Confidence level in reason (Tier 4): C ☐ NC ☐



93

Problem 17 (Tier 1). If Q < K, the reaction will:

A. Proceed toward products

B. Proceed toward reactants

C. Remain unchanged

D. Stop

Confidence level in answer (Tier 2): C ☐ NC ☐

Reason (tier 3)

A. The system may adjust until the reaction quotient becomes equal to the equilibrium constant.

B. Reactions stop when Q is smaller than K.

C. Reaction quotient always equals equilibrium constant.

D. Catalysts determine the direction of reactions.

Confidence level in reason (Tier 4): C ☐ NC ☐

Problem 18 (Tier 1). Which change increases the rate of both forward and reverse reactions

without affecting equilibrium position?

A. Increasing pressure

B. Adding catalyst

C. Increasing concentration

D. Increasing temperature

Confidence level in answer (Tier 2): C ☐ NC ☐

Reason (tier 3)

A. Some substances can reduce activation energy of reactions.

B. Reaction rate determines equilibrium constant.

C. Concentration determines equilibrium constant.

D. Pressure determines reaction speed only.

Confidence level in reason (Tier 4): C ☐ NC ☐

Problem 19 (Tier 1). In a system at equilibrium, concentrations of reactants and products:

A. Continue changing rapidly

B. Remain constant over time

C. Become equal

D. Become zero
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Confidence level in answer (Tier 2): C ☐ NC ☐

Reason (tire 3)

A. Equal reaction rates keep concentrations stable even though reactions continue.

B. Reactions stop completely at equilibrium.

C. Products become more stable than reactants.

D. Reactants disappear completely.

Confidence level in reason (Tier 4): C ☐ NC ☐

Problem 20 (Tier 1). Which condition would most likely shift equilibrium toward reactants?

A. Increasing product concentration

B. Removing products

C. Adding catalyst

D. Increasing pressure

Confidence level in answer (Tier 2): C ☐ NC ☐

Preseason (tier 3)

A. A system may respond to disturbances by opposing them.

B. Catalysts determine equilibrium position.

C. Pressure always favors products.

D. Products cannot influence equilibrium.

Confidence level in reason (Tier 4): C ☐ NC ☐
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Pre-test and post-test results

No Name Of Students Pre-Test Result Out Of 50 Post- Test Result Out Of 50

1. S1 45 50

2. S2 21.5 43

3. S3 20 41

4. S4 16 38.5

5. S5 42 48

6. S6 34 45.5

7. S7 28 40.5

8. S8 37 46

9. S9 33 41

10. S10 35.5 43

11. S11 22 39.5

12. S12 24 40

13. S13 32.5 44

14. S14 30.5 42

15. S15 25 43.5

16. S16 29 39

17. S17 26 41

18. S18 24 40

19. S19 22 44

20. S20 18 36

21. S21 19.9 39
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22. S22 19 38.5

23. S23 25.5 41.5

24. S24 38 47

25. S25 41 49

26. S26 36 43

27. S27 31.5 40

28. S28 37.5 45

29. S29 29.5 42.5

30. S30 36 48

C. Semi-structured interview Questions

Theme 1: Critical Thinking Development

1. Can you tell me about a time during the chemical equilibrium lessons when you had to think

carefully before answering a question or solving a problem?

i. What made the task challenging?

ii. How did you decide on your answer?

ርዕስ 1፡ የተማሪዎችየክሪቲካልአስተሳሰብ (Critical Thinking) እድገት
1. በኬሚካልኢኳሊብሪየምትምህርትወቅትአንድጥያቄለመመለስወይምችግርለመፍታትበጥልቀትማሰብየነበረ

ብዎትንሁኔታሊገልጹልኝይችላሉ?

 ምንነበርፈታኝያደረገው?

 ወደመልስዎእንዴትደረሱ?

2. How did the activities in the lessons help you explain your ideas, justify your answers, or

evaluate different explanations?

i. Can you give a specific example?

2. በትምህርቱ ውስጥ የተካሄዱተግባራትሀሳብዎንእንዲያብራሩ፣
መልሶችዎንእንዲያስረዱወይምየተለያዩማብራሪያዎችንእንዲገመግሙእንዴትረድተዋል?

3. የተለየምሳሌመስጠትይችላሉ?
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Theme 2: Inquiry-Based Learning Experience

3. How did conducting investigations, asking questions, and discussing ideas with your

classmates affect the way you learned chemical equilibrium?

i. Which learning activity helped you the most? Why?

3. ሙከራዎችንማካሄድ፣

ጥያቄዎችንማቅረብእናከክፍልጓደኞችዎጋርሀሳብመለዋወጥየኬሚካልኢኳሊብሪየምንለመማርባለዎትመንገድ

ላይምንተጽዕኖአሳድሯል?

 ከሁሉምተግባራትውስጥበጣምየረዳዎትየትኛውነበር? ለምን?

4. Compared with your previous chemistry lessons, what was different about learning through

the DB–IBL approach?

i. How did these differences influence your participation and learning?

4. ከዚህበፊትከነበሩየኬሚስትሪትምህርቶችዎጋርሲነጻጸር፣ በDB–IBL

አቀራረብመማርምንየተለየነገርአለው?

 እነዚህልዩነቶችበትምህርቱተሳትፎዎናትምህርትዎላይእንዴትተጽዕኖአሳደሩ?

Theme 3: Conceptual Understanding

5. How has your understanding of chemical equilibrium changed after participating in the DB–

IBL lessons?

i. Were there any ideas that you misunderstood before but understand better now?

5. በDBR–IBL ትምህርቶችከተሳተፉበኋላስለኬሚካልኢኳሊብሪየምያለዎትግንዛቤእንዴትተለውጧል?

 ቀደምሲልበትክክልያልተረዱትነገርአሁንበግልጽየገባዎትአለ?

6. Which concept in chemical equilibrium became clearer to you through the activities and

experiments?

i. What specifically helped you understand that concept?

6. በተግባራትናበሙከራዎችምክንያትይበልጥግልጽየሆነልዎትየኬሚካልኢኳሊብሪየምፅንሰ-

ሀሳብየትኛውነው?

 ያንንግንዛቤእንዲያገኙየረዳዎትምንነበር?

Theme 4: Reflection on Learning

7. What aspects of the DB–IBL lessons did you enjoy the most, and why?

i. How did those experiences help you learn?

7. በDB–IBL ትምህርቶችውስጥበጣምየወደዱትክፍልወይምተግባርምንነበር? ለምን?

 ይህተሞክሮበትምህርትዎላይእንዴትረድቷል?
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8. Did you face any difficulties while carrying out the inquiry activities or experiments?

i. How did you overcome those difficulties?

8. በምርመራናበተግባርሂደቶችውስጥምንአይነትችግሮችአጋጥመውዎታል?

 እነዚህንችግሮችእንዴትፈታችሁ?

9. Do you think these lessons improved your ability to solve new chemistry problems or explain

scientific ideas? Why or why not?

i. Can you share an example?

9.

እነዚህትምህርቶችአዳዲስየኬሚስትሪችግሮችንየመፍታትወይምሳይንሳዊሀሳቦችንየማብራራትችሎታዎንአሻ

ሽለዋልብለውያስባሉ?

 ምሳሌመስጠትይችላሉ?

10. If you were given the opportunity to learn other chemistry topics using this approach, what

would you suggest keeping or improving?

i. Why do you think those changes would be helpful?

10.

ይህየማስተማርዘዴበሌሎችየኬሚስትሪርዕሶችምቢተገበርምንእንዲቀጥልወይምእንዲሻሻልትመክራላችሁ?

 እነዚያለውጦችለተማሪዎችእንዴትእንደሚጠቅሙያብራሩ።

D. Sample Interview Transcripts

Theme 1: Critical Thinking Development

Researcher: Can you tell me about a time during the chemical equilibrium lessons when you

had to think carefully before answering a question or solving a problem?

S1: During the soft drink experiment, we were asked to explain why bubbles formed when the

bottle was opened. At first, I was not sure of the answer. I thought it was just because air entered

the bottle. After discussing with my group and looking at what happened in the experiment, I

understood that the pressure changed and affected the equilibrium.

Researcher:What made the task challenging?

S1: The difficult part was explaining the reason behind the observation. We had to think about

the chemistry, not only what we saw.

Researcher: How did you decide on your answer?

S1: I used the evidence from the experiment and what we learned about Le Chatelier’s Principle.

Researcher: How did the lesson activities help you explain your ideas?
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S1: The teacher always asked us to explain our answers. This helped me think more carefully

and give reasons for my ideas.

Researcher: Can you describe a situation where you had to think critically during the lessons?

S2: In one activity, we had to predict what would happen when the concentration of a reactant

increased. Different students had different answers, so we had to discuss and decide which

explanation made the most sense.

Researcher: How did you reach your conclusion?

S2:We compared our ideas and checked them against the results of the experiment.

Researcher: Did the activities help you evaluate different explanations?

S2: Yes. Before, I usually accepted the first answer. During these lessons, I learned to compare

different ideas and choose the one supported by evidence.

Theme 2: Inquiry-Based Learning Experience

Researcher: How did conducting investigations and discussing ideas with classmates affect your

learning?

S3: It helped me understand the lesson better because I could see what was happening and talk

about it with others. Sometimes my classmates explained ideas in a way that was easier for me to

understand.

Researcher:Which learning activity helped you the most?

S3: The experiments helped me most because they showed how the concepts worked in real

situations.

Researcher: How was this different from your previous chemistry lessons?

S3: Before, the teacher explained most of the content. In these lessons, we had to investigate and

find answers ourselves.

Researcher: How did this affect your participation?

S3: I participated more because I had a role in the group activities and discussions.

Researcher: How did the inquiry activities influence your learning?

S4: The activities made learning more interesting. Instead of only listening, we were involved in

solving problems and discussing ideas.

Researcher:Which activity helped you most?

S4: Group discussions helped me most because we learned from each other.

Researcher:What was different about the DB–IBL lessons?
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S4: We asked more questions and worked together to find answers.

Researcher: How did this affect your learning?

S4: It helped me understand the concepts more clearly and remember them better.

Theme 3: Conceptual Understanding

Researcher: How has your understanding of chemical equilibrium changed after participating in

the DB–IBL lessons?

S5: Before these lessons, I thought equilibrium meant that the reaction stopped. Now I

understand that the forward and reverse reactions continue, but they occur at the same rate.

Researcher:Were there any ideas you misunderstood before?

S5: Yes. I thought equilibrium meant equal amounts of reactants and products. Now I know that

this is not always true.

Researcher:Which concept became clearer through the activities?

S5: Dynamic equilibrium became much clearer.

Researcher: What helped you understand it?

S5: The experiments and class discussions helped me connect the theory with what I observed.

Researcher: How has your understanding of chemical equilibrium changed?

S6: I now understand that equilibrium can change when conditions such as pressure,

concentration, or temperature change.

Researcher:Which concept became clearer to you?

S6: Le Chatelier’s Principle became easier to understand.

Researcher:What helped you understand it?

S6: The soft drink experiment helped me see how pressure affects equilibrium.

Researcher: Did the activities correct any misconceptions?

S6: Yes. Before, I memorized the principle, but now I understand how it works in real situations.

Theme 4: Reflection on Learning

Researcher:What aspects of the DB–IBL lessons did you enjoy most?

S7: I enjoyed the experiments and group discussions because they made the lessons more

interesting.

Researcher: How did these experiences help you learn?

S7: They helped me understand difficult concepts through observation and discussion.

Researcher: Did you face any difficulties?
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S7: At first, I was not confident when sharing my ideas.

Researcher: How did you overcome those difficulties?

S7:My classmates encouraged me, and I became more comfortable speaking during discussions.

Researcher: Do you think these lessons improved your ability to solve chemistry problems?

S7: Yes. I learned how to think about a problem and explain my answer rather than just

memorizing information.

Researcher:What did you enjoy most about the lessons?

S8: I liked discovering answers through experiments and investigations.

Researcher: Did you experience any challenges?

S8: Sometimes it was difficult to explain my thinking, especially at the beginning.

Researcher: How did you overcome those challenges?

S8: The more we practiced, the easier it became to explain and defend our ideas.

Researcher: If this approach were used in other chemistry topics, what would you suggest?

S8: I would like to see more experiments because they help students understand concepts more

easily.

Researcher:Why would that be helpful?

S8: Experiments make learning more active and help students connect theory with practical.
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E. Finalized Qualitative Codebook

Code Description Example Evidence

Evidence-Based

Reasoning

Students used observations, experimental

findings, or scientific concepts to support their

answers and explanations.

Students referred to experimental results and Le

Chatelier’s Principle when explaining their

conclusions.

Analysis of Explanations Students considered, compared, and evaluated

different explanations before deciding on the

most appropriate one.

During group discussions, students explored

alternative explanations before reaching a conclusion.

Prediction and

Justification

Students predicted what might happen in a

situation and explained the reasoning behind

their predictions.

Students predicted shifts in equilibrium and provided

scientific reasons for their responses.

Collaborative Learning Students learned through interaction with peers,

including discussion, cooperation, and sharing

ideas.

Students reported that group discussions helped them

better understand difficult concepts.

Active Participation Students became more engaged in classroom

activities, discussions, and investigations.

Students described contributing ideas and taking part

actively during inquiry-based activities.

Dynamic Equilibrium Students understood that forward and reverse Students demonstrated a clearer understanding by
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Understanding reactions continue simultaneously at equal rates

in equilibrium.

correcting earlier misconceptions about equilibrium.

Conceptual Change Students replaced incorrect prior ideas with

scientifically accepted explanations.

Students explained how their understanding of

equilibrium concepts had changed during the lessons.

Understanding Le

Chatelier’s Principle

Students understood how changes in

concentration, pressure, or temperature affect a

system at equilibrium.

Students used experimental observations to explain

equilibrium shifts according to Le Chatelier’s

Principle.

Increased Confidence Students showed greater confidence in

expressing, explaining, and defending their

ideas.

Students reported feeling more comfortable

participating in discussions and sharing their

opinions.

Initial Learning

Challenges

Students experienced difficulties when first

adapting to inquiry-based learning activities.

Students mentioned struggling initially with

explaining their ideas or participating in discussions.

Improved Problem-

Solving Ability

Students developed stronger skills in analyzing

situations and solving unfamiliar chemistry

problems.

Students described relying more on reasoning and

understanding rather than memorization.

Positive Perception of

DB–IBL

Students expressed positive views about the

inquiry-based learning approach and its

benefits.

Students suggested that the approach should be used

in other chemistry topics because it supported their

learning.
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Theme Definitions

Theme Definition

Critical Thinking

Development

How students improved their ability to think critically by analyzing information, evaluating different

explanations, using evidence, and justifying their conclusions when solving chemical equilibrium

problems.

Inquiry-Based Learning

Experience

Students’ experiences of learning through asking questions, carrying out investigations and experiments,

working with peers, and actively participating in the DBR–IBL activities.

Conceptual

Understanding

The ways in which students’ understanding of chemical equilibrium changed, including overcoming

misconceptions and developing more accurate scientific explanations.

Reflection on Learning Students’ views about their learning experiences, including their confidence, challenges faced,

development of problem-solving skills, and suggestions for improving the learning process.
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Illustrative Quotations by Theme

Theme Participant Illustrative Quotation

Critical Thinking

Development

S1 “Before answering, I had to think about the evidence from the

experiment and explain why the equilibrium changed. This helped me

think more carefully instead of just guessing the answer.”

Inquiry-Based Learning

Experience

S3 “The experiments and group discussions helped me learn better because

I could observe what was happening and share ideas with my

classmates.”

Conceptual Understanding S5 “Before these lessons, I thought equilibrium meant the reaction stopped

completely. Now I understand that the forward and reverse reactions

continue at the same rate even though no visible change is observed.”

Reflection on Learning S7 “At first, I was not confident to share my ideas, but through the activities

and discussions I became more comfortable and confident in explaining

my answers.”

Table 1: paired samples t-Test results and effect size for pre-test and post-test scores (N = 30)

Assessment M SD t df P Cohen’s d

Pre test 29.30 7.84 13.75 29 <.001 2.51

Post test 42.63 3.48
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Table2: Descriptive Statistics results
Descriptive Statistics

N Minimum Maximum Mean Std.

Deviation

Skewness Kurtosis

Statistc Statistic Statistic Statistic Statistic Statistic Std.Error Statistic Std. Error

pre-test result 30 16.0 45.0 29.297 7.8393 .153 .427 -.963 .833

post-test result 30 36.0 50.0 42.633 3.4788 .432 .427 -.442 .833

Valid N

(listwise)

30

Table 3. Validity and Reliability statistics of Critical Thinking Tests andChemical

Equilibrium Diagnostic Test Instruments.

Instrument Purpose Number

of Items

Reliability

Method

Reliability

Coefficient (α)

Interpretation

Critical Thinking

Test

To assess students' critical

thinking skills in chemical

equilibrium

8 Cronbach's

Alpha

0.809 Good

Chemical

Equilibrium

Diagnostic Test

To assess students'

conceptual understanding of

chemical equilibrium

20 Cronbach's

Alpha

0.803 Good
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F. Classroom Observation Checklist

Purpose: To evaluate the development of students' conceptual clarity, evidence-based reasoning,

and critical thinking skills during the intervention cycles.

Observer Name:__________________

Date of Observation:_________________

Grade/Section:11th_________________________

No. Observation Item Yes No Comments

Conceptual Understanding

1
Students explain the idea of reversible

reactions in their own words.


2

Students recognize that chemical equilibrium is

a dynamic process where reactions continue to

occur.



3
Students understand that equilibrium does not

mean the reaction has stopped.


4
Students explain that reactants and products do

not need to be equal in amount at equilibrium.


5
Students correctly use equilibrium concepts

during discussions and activities.


6
Students relate classroom activities or

experiments to chemical equilibrium concepts.


7
Students predict and explain changes in

equilibrium using Le Chatelier’s principle.


Critical Thinking Skills

8
Students ask thoughtful questions during the

lesson.


9
Students make predictions before conducting

an activity or investigation.


10 Students provide reasons or evidence to 
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support their answers.

11
Students analyze observations and explain

what they mean.


12
Students compare different ideas before

reaching a conclusion.


13
Students justify their explanations using

scientific reasoning.


14
Students change or refine their ideas when new

evidence is presented.


15
Students draw conclusions based on evidence

gathered during activities.


Participation and Collaboration

16
Students actively participate in group

discussions.


17
Students share ideas and listen to the opinions

of others.


18
Students work cooperatively to solve problems

and complete tasks.


19
Students reflect on what they have learned at

the end of the lesson.


Yes = Observed ,  No = Not Observed


