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Purpose of the study: This study aimed to examine the effect of inquiry-based
chemistry learning on secondary school students’ conceptual understanding of
colloidal systems.

Methodology: A quasi-experimental design employing a pretest—posttest
control group was used. Data were collected using a validated conceptual
understanding test and a diagnostic questionnaire. The data were analyzed using
N-gain analysis and an independent samples #-test at a 0.05 significance level
after confirming the assumptions of normality and homogeneity.

Main Findings: The results indicate that inquiry-based learning significantly

improved students’ conceptual understanding. A total of 67.5% of students
achieved scores above the minimum competency standard, while 92.5%
demonstrated a moderate level of conceptual improvement. The #-test results
(tcalculated) = 4.84 > rtabley = 2.68) confirmed a statistically significant
difference between pretest and posttest scores.
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Novelty/Originality of this study: The novelty of this study lies in the
application of a contextually adapted guided inquiry model supported by
validated diagnostic instruments. This approach provides robust empirical
evidence on how inquiry-based learning facilitates students’ construction of
chemical concepts, thereby contributing to both theoretical and practical
advancements in chemistry education.
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1. INTRODUCTION

Chemistry plays a fundamental role in explaining natural phenomena and technological processes
encountered in everyday life [1], [2]. As a core science subject, chemistry education aims not only to transmit
factual knowledge but also to develop students’ deep conceptual understanding of chemical principles [3], [4].
However, learning chemistry remains challenging for many students due to the abstract nature of its concepts and
the need to integrate macroscopic observations, submicroscopic representations, and symbolic expressions [5], [6].
This complexity often results in superficial learning, where students rely on memorization rather than meaningful
conceptual construction.

One persistent issue in secondary chemistry education is students’ limited conceptual understanding,
particularly in abstract topics such as colloidal systems [7], [8]. Colloids require learners to interpret phenomena
that are not directly observable while simultaneously linking experimental evidence with theoretical explanations.
Previous studies have reported that students frequently experience misconceptions related to particle size,
dispersion phases, and the properties of colloidal systems [9], [10]. These difficulties are often exacerbated by
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traditional teacher-centered instructional approaches that emphasize lecturing and algorithmic problem-solving,
providing limited opportunities for students to actively engage in scientific reasoning [11], [12].

Contemporary perspectives on science education emphasize the importance of learner-centered
pedagogies that support knowledge construction through active involvement [13], [14]. Inquiry-based learning has
been widely recognized as an instructional approach aligned with constructivist learning theory, which views
learning as an active process of meaning-making [15], [16]. Through inquiry-based learning, students are
encouraged to formulate questions, design investigations, analyze data, and communicate scientific explanations
[17], [18]. Such processes enable learners to develop a deeper understanding of chemical concepts while fostering
higher-order thinking skills and scientific literacy.

Empirical evidence suggests that inquiry-based learning can positively influence students’ achievement,
engagement, and conceptual understanding in science education [19], [20]. Several studies have demonstrated that
inquiry-oriented instruction enhances students’ ability to connect theoretical knowledge with experimental
observations and reduces common misconceptions [21], [22]. Nevertheless, many existing studies focus primarily
on general learning outcomes or procedural skills, while relatively few explicitly examine students’ conceptual
understanding in specific chemistry topics using validated diagnostic instruments [23], [24]. Moreover, research
on inquiry-based chemistry learning in secondary education remains context-dependent, highlighting the need for
further empirical investigation.

Despite the growing interest in inquiry-based approaches, gaps remain between students’ procedural
performance and their conceptual understanding [25], [26]. Students may achieve satisfactory test scores while
still holding fragmented or incorrect conceptions of chemical phenomena. This issue underscores the importance
of employing assessment tools capable of capturing the depth of students’ conceptual understanding rather than
surface-level recall [27], [28]. Diagnostic instruments, when integrated with inquiry-based instruction, offer
valuable insights into how students construct and reorganize their chemical knowledge [29], [30].

Despite the extensive body of research highlighting the benefits of inquiry-based learning in science
education, several critical gaps remain within the context of secondary chemistry instruction, particularly in
relation to students’ conceptual understanding of colloidal systems [7], [31]. Many existing studies predominantly
focus on general learning outcomes, procedural skills, or students’ engagement, without sufficiently examining
how inquiry-based approaches support the reconstruction of students’ chemical concepts at multiple
representational levels. Moreover, research that specifically integrates validated diagnostic instruments to uncover
persistent misconceptions in colloidal chemistry is still limited and context-dependent. As a result, there is a lack
of empirical evidence that systematically explains how inquiry-based learning influences both conceptual gains
and the nature of students’ remaining misunderstandings in abstract chemistry topics.

The novelty of this study lies in its contextually adapted implementation of guided inquiry-based
chemistry instruction combined with the use of validated conceptual and diagnostic assessment instruments to
capture students’ conceptual development in a nuanced manner. Unlike prior studies that rely primarily on
achievement scores, this research emphasizes conceptual understanding as a core learning outcome and provides
detailed insights into students’ learning progress across specific conceptual indicators of colloidal systems. By
triangulating quantitative learning gains with diagnostic evidence of students’ reasoning, this study offers a more
comprehensive perspective on the effectiveness of inquiry-based learning in chemistry education.

The urgency of this research is underscored by the persistent challenges faced by students in mastering
abstract chemical concepts that require integration across macroscopic, submicroscopic, and symbolic
representations. In the context of secondary education, inadequate conceptual understanding of foundational topics
such as colloids can hinder students’ progression to more advanced chemical concepts and negatively impact
scientific literacy. Therefore, investigating instructional approaches that not only improve test performance but
also foster meaningful and coherent conceptual understanding is essential. This study responds to this need by
providing empirical evidence to inform chemistry educators and curriculum designers on the pedagogical potential
of inquiry-based learning to enhance conceptual understanding and address enduring misconceptions in chemistry
classrooms.

Therefore, this study aims to investigate the effect of inquiry-based chemistry learning on secondary
school students’ conceptual understanding of colloidal systems. Using a quasi-experimental design with validated
conceptual and diagnostic instruments, this research examines whether inquiry-based instruction leads to
significant improvements in students’ conceptual understanding compared to conventional teaching methods [32],
[33]. By providing empirical evidence on the effectiveness of inquiry-based learning in chemistry education, this
study contributes to the growing body of literature on innovative instructional strategies and offers practical
implications for chemistry educators seeking to promote meaningful learning and conceptual development.
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2. RESEARCH METHOD
2.1. Type of Research

This study employed a quantitative approach using a quasi-experimental design, specifically a pretest—
posttest control group design [34], [35]. This design was selected to examine the effect of inquiry-based chemistry
learning on students’ conceptual understanding while maintaining the natural classroom setting without random
assignment of participants. The use of a control group enabled a systematic comparison between inquiry-based
instruction and conventional teaching methods.

2.2. Population and Sample

The study was conducted at a public secondary school in Goa, India. The participants consisted of
students taking chemistry subjects. A total of 40 students participated in the study and were selected using
purposive sampling, based on the similarity of their academic backgrounds and prior chemistry achievement. The
selected class was deemed appropriate due to its comparable initial conceptual understanding level and the
availability of instructional support for implementing inquiry-based learning [36], [37]. All participants had
previously received instruction on foundational chemistry topics but had not been formally introduced to inquiry-
based learning strategies.

2.3. Instruments and Data Collection

Data were collected using two primary instruments designed to comprehensively assess students’
conceptual understanding of colloidal systems and to support the quantitative findings of the study [38], [39]. The
first instrument was a conceptual understanding test, consisting of multiple-choice items focused on key indicators
of conceptual knowledge, including the classification of colloids, colloidal properties, preparation methods, and
real-world applications. The test items were developed based on curriculum standards and relevant chemistry
education literature and were reviewed by subject-matter experts to ensure content validity and alignment with
learning objectives [40], [41]. Prior to implementation, the instrument was piloted to examine its reliability and
clarity.

The second instrument was a diagnostic questionnaire aimed at capturing students’ conceptual reasoning
and identifying common misconceptions encountered during inquiry-based learning activities. The questionnaire
provided complementary data by eliciting students’ responses to conceptual scenarios related to colloidal
phenomena and their learning experiences throughout the instructional process. Both instruments were
administered as pretests before the instructional intervention and as posttests after the completion of the inquiry-
based learning sessions. The data collected from these instruments served as the basis for evaluating changes in
students’ conceptual understanding and for determining the effectiveness of inquiry-based chemistry learning. The
following is a grid of learning outcome test instruments:

Tabel 1. Learning Outcome Test Instrument Grid
Cognitive Level

No. Indicator C G C Amount
1 Classification of colloidal systems 2,46 1,3,5 6
2 Types of colloids 7,8,9,10,11,12,13 7
3 Preparation methods 14 15,16,17,18,19 6
4  Colloidal properties 20,21,22 23,24,2,26,27 8
5 Applications of colloids 28,29,30 3
Amount 14 8 8 30

2.4. Data Analysis Techniques

The collected data were analyzed using both descriptive and inferential statistical techniques. Prior to
hypothesis testing, normality and homogeneity tests were conducted to ensure that the data met the assumptions
for parametric analysis [42], [43]. Students’ learning gains were calculated using N-gain analysis to determine the
magnitude of conceptual improvement. To examine the statistical significance of differences between pretest and
posttest scores, an independent samples t-test was performed at a 0.05 significance level. The results of these
analyses were used to determine the effectiveness of inquiry-based chemistry learning in enhancing students’
conceptual understanding of colloidal systems.

2.5. Prosedur Penelitian

The research procedure consists of three main stages, namely the preparation, implementation, and
evaluation stages. In the preparation stage, learning tools and research instruments are prepared, and coordination
with chemistry teachers at the school is carried out. The implementation stage includes the application of an
inquiry-based learning model in the experimental class. The inquiry model used refers to the syntax developed by
Joyce and Weil, which consists of five main stages: (1) formulating the problem or research question (problem
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identification), (2) designing a temporary hypothesis (formulating hypothesis), (3) planning and carrying out
experiments or investigations (data collection), (4) analyzing data and drawing conclusions (data interpretation),
and (5) communicating the findings (reflection and communication). This model is designed to encourage active
student involvement in constructing knowledge based on the results of scientific investigations of chemical
phenomena. In the evaluation stage, data on learning outcomes and student feedback are collected through prepared
instruments. The research procedure can be seen in the following flowchart.

Preparation Implementation Evaluation

Figure 1. Research Procedure

3. RESULTS AND DISCUSSION

To provide an overview of students’ conceptual understanding of colloidal systems before and after the
instructional intervention, descriptive statistical analyses were conducted. The analysis focused on key measures,
including the mean, standard deviation, and score range, to capture changes in students’ conceptual performance
resulting from the implementation of inquiry-based chemistry learning. A summary of the descriptive statistics for
the pretest and posttest scores is presented in Table 1.

Table 1. Descriptive Statistics of Students’ Conceptual Understanding Scores
Test N Mean SD Minimum Maximum
Pretest 40 48.1 8.4 30 63
Posttest 40 729 9.1 50 96

Table 1 shows a clear improvement in students’ conceptual understanding of colloidal systems following
the implementation of inquiry-based chemistry learning. The mean posttest score was substantially higher than the
mean pretest score, indicating a notable increase in overall conceptual mastery. In addition, the range of scores
shifted upward, as reflected by higher minimum and maximum posttest scores, suggesting that improvement
occurred across students with varying initial ability levels. The comparable standard deviations between the pretest
and posttest indicate a relatively consistent distribution of scores, implying that the learning gains were
experienced by most students rather than being limited to a small subgroup.

After calculations were carried out using the percentage formula for understanding the concept for each
indicator, the results of students' understanding of the concept for each indicator were obtained as in the following

table:

Tabel 2. Students’ Conceptual Understanding Across Indicators

Conceptual Indicator Pretest (%) Posttest (%)
Classification of colloidal systems 26 84
Types of colloids 15 86
Preparation methods 10 80
Colloidal properties 12 28
Applications of colloids 45 91
Overall Mean 21.6 73.8

Table 2 illustrates differential improvements in students’ conceptual understanding across the assessed
indicators following inquiry-based chemistry instruction. Substantial gains were observed in indicators related to
the classification of colloidal systems, types of colloids, and their real-world applications. These improvements
suggest that inquiry-based learning effectively supported students in connecting observable phenomena with
conceptual categories, particularly when concepts were grounded in familiar or contextual examples.

Moderate improvements were also evident in students’ understanding of colloidal preparation methods,
indicating that guided inquiry activities facilitated procedural understanding through hands-on investigation and
collaborative reasoning. However, comparatively lower gains were found in indicators related to colloidal
properties, which require students to integrate macroscopic observations with submicroscopic and symbolic
representations. This finding highlights a common challenge in chemistry learning, where abstract
conceptualization demands higher levels of cognitive processing and representational competence.

The variation in conceptual gains across indicators underscores the importance of structured scaffolding
within inquiry-based instruction. While inquiry learning promotes active knowledge construction, complex
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conceptual domains such as colloidal properties may require additional instructional support to help students
bridge multiple levels of chemical representation. Overall, the results presented in Table 2 demonstrate that
inquiry-based learning is particularly effective in enhancing context-based and classification-oriented conceptual
understanding, while also revealing areas that warrant further pedagogical attention.

To further examine students’ conceptual understanding and identify potential misconceptions related to
colloidal systems, a diagnostic questionnaire was administered following the instructional intervention. The
questionnaire consisted of dichotomous (Yes/No) statements designed to capture students’ interpretations of key
colloidal concepts based on illustrations, readings, discussions, and experimental activities. A summary of
students’ responses to the diagnostic questionnaire is presented in Table 3.

Tabel 3. Students’ Responses to Diagnostic Questionnaire on Colloidal Concepts

Yes No
No. Statement (%) (%)
After the teacher provided illustrations about colloids, I became interested in learning
1 ; 62.5 37.5
more about colloids.
After the presentation of images/illustrations, I was unable to visualize what a
2 . . 10.0 90.0
colloidal system actually is.
After reading textbooks and supplementary materials, I was able to predict what
3 S o L 79.0 21.0
would happen when oil is mixed with citrus juice.
Through the Tyndall effect experiment, I understood that milk and emulsions scatter
4 . ) } 95.0 5.0
light when illuminated.
After reading and discussing with peers, I was still unable to distinguish between true
5 . ) . 65.0 35.0
solutions, suspensions, and colloids.
After conducting the coagulation experiment, I understood how an egg coagulates
6 . 77.5 22.5
when boiled.
After performing the Tyndall effect experiment, I understood why fog appears more
7 . . . 72.5 27.5
visible at night than during the day.
Based on the colloid experiment, I concluded that mango juice preparation represents
8 . . . 40.0 60.0
a condensation method of colloid formation.
Based on the experiment, I understood that colloids are mixtures that can be
9 . . 80.0 20.0
separated using ultrafiltration.
10 The process of making pudding from agar powder into a gel represents a coagulation 220 1.0

phenomenon.

The responses presented in Table 3 provide additional insight into students’ conceptual understanding
and remaining misconceptions regarding colloidal systems after the implementation of inquiry-based learning.
Overall, the results indicate that most students were able to interpret colloidal phenomena meaningfully when
concepts were supported by visual representations and experimental activities. High levels of affirmative responses
to items related to the Tyndall effect and coagulation experiments suggest that hands-on inquiry effectively
facilitated students’ understanding of observable colloidal properties.

Students’ strong agreement with statements concerning light scattering in milk and emulsions, as well as
the visibility of fog under different lighting conditions, indicates that inquiry-based experiments helped bridge
macroscopic observations with conceptual explanations. Similarly, positive responses related to coagulation
phenomena, such as egg solidification and gel formation, demonstrate that contextualized experiments supported
students in recognizing real-world manifestations of colloidal behavior.

However, the findings also reveal the persistence of certain misconceptions. A considerable proportion
of students reported difficulty distinguishing between true solutions, suspensions, and colloids, suggesting that
classification-related concepts remain challenging despite inquiry-based instruction. In addition, the relatively low
agreement regarding the identification of colloid formation through condensation in everyday processes, such as
mango juice preparation, indicates that abstract or less explicitly demonstrated processes may require more
structured guidance. These results highlight that while inquiry-based learning promotes conceptual understanding,
it does not automatically eliminate all misconceptions, particularly those involving abstract classification and
submicroscopic reasoning.

Taken together, the results from Table 3 complement the quantitative learning gains reported earlier by
illustrating how inquiry-based instruction influences students’ conceptual interpretations at a finer-grained level.
The diagnostic responses underscore the importance of integrating explicit conceptual scaffolding within inquiry
activities to support students in refining their understanding and resolving persistent misconceptions in colloidal
chemistry.

Prior to testing the research hypothesis, preliminary statistical analyses were conducted to ensure that the
data met the assumptions required for parametric testing. Specifically, tests of normality and homogeneity of
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variance were performed on the pretest and posttest scores. After confirming that these assumptions were satisfied,
inferential statistical analysis was carried out to examine the significance of differences in students’ conceptual
understanding resulting from the inquiry-based instructional intervention. The results of the assumption tests and
hypothesis testing are presented in the following section.

A normality test is performed to determine whether the data obtained comes from a normally distributed
population. The pretest and posttest scores were tested for normality using the Lilliefors test. The following table
shows the results of the normality test:

Tabel 4. Pretest Posttest Normality Test Results

Score Data N A Leount Liable Conclusion
Pretest 40 0,05 0,1241 0,1401 Ho Accepted
Postest 40 0,05 0,1230 0,1401 Ho Accepted

From the table above, in the pretest, Lo = 0.1241 was obtained, while Lt = 0.1401 with a significance
level of a = 0.05 and n = 40, because Lhitung <Ltabel then Ho is accepted, namely the population is normally
distributed. While in the posttest, Lo = 0.1230 was obtained, while Lt = 0.1401 with a significance level of a =
0.05 and n = 40, because Lhitung <Ltabel then Ho is accepted, namely the population is normally distributed.

The homogeneity test is conducted to determine whether the data obtained comes from a homogeneous
population or not. The criteria for the homogeneity test are that Ho is accepted if the calculated F is smaller than
the F table and Ho is rejected if the calculated F is greater than the F table. If Ho is accepted, it means the research
data comes from a homogeneous population, while if Ho is rejected, it means the research data comes from a non-
homogeneous population. On the pretest and posttest data, a homogeneity test was conducted using the Fisher
exact test. The following table shows the results of the homogeneity test calculation:

Table 5. Results of Homogeneity Testing with Fisher's Exact Test

a Value Data Amount Varians Fcount Fiable Conclusion
N. —
Pretes przgm 27,97
0,05 N _ 1,56 1,69 Ho Accepted
Postest pozt(;”“ 43,76

From the test results obtained the F_count value = 1.56 while the F_table value at the significance level a
= 0.05, with the numerator degree of freedom 40 and the denominator degree of freedom 40 is 1.69. because the
Fcount value is smaller than the F_table value, then Ho is accepted, so it can be concluded that both data are
homogeneous. Based on the assumption tests that have been carried out, namely normality and homogeneity, it
was found that so it was continued to the N-Gain test and T test.

Learning outcomes can be analyzed to see the extent to which inquiry-based chemistry learning influences
the understanding of the concept of colloids. Improvements in student learning outcomes are obtained by
comparing the results of the initial test with the final test and the test using the N-Gain value.

Tabel 6. Student N-Gain Results
Pretest Postest Gain Category
Average 50,45 72,75 0,46 Low

Based on the table above, it can be seen that there are 2 students (5%) in the high category, 37 students
(97.5%) in the medium category, and 1 student (2.5%) in the low category. The following is a diagram of the
categorization of N-gain scores.

100 Distribution of Students’ Conceptual Gain Levels

a0

Percentage (%)

Low High

Moderate
N-gain Category

Figure 1. Percentage Diagram of N-Gain Score Categorization
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The distribution of students’ conceptual gain levels further illustrates the effectiveness of inquiry-based
chemistry learning. As shown in Figure X, the majority of students achieved a moderate level of conceptual gain,
indicating that inquiry-based instruction contributed to meaningful improvements in students’ understanding of
colloidal systems. Only a small proportion of students fell into the low and high gain categories, suggesting that
while most learners benefited from the intervention, the extent of improvement varied across individuals.

The predominance of moderate gains aligns with the results of the N-gain analysis and reflects the role
of guided inquiry in supporting conceptual development without overwhelming learners. These findings suggest
that the instructional approach was effective in facilitating conceptual growth for most students, although
additional instructional support may be required to promote higher levels of conceptual gain among a broader
range of learners.

Hypothesis testing was conducted to determine the effect of inquiry-based chemistry learning on students'
conceptual understanding. Hypothesis testing in this study used the "t" test. The t-test criteria are Ha is accepted if
the calculated t is greater than the t table and Ha is rejected if the calculated t is smaller than the t table. If Ha is
accepted, it means there is an effect of inquiry-based chemistry learning on students' conceptual understanding,
while if Ha is rejected, it means there is no effect of inquiry-based chemistry learning on students' conceptual
understanding. On the pretest and posttest scores, hypothesis testing was carried out using the t test. The following
is a table of the results of the t test calculation:

Table 7. Results of Hypothesis Testing with the t-Test
N a teount Fiapie Conclusion
40 0,01 4,84 2,68 H, accepted

The results presented in Table 7 indicate a statistically significant difference in students’ conceptual
understanding before and after the implementation of inquiry-based chemistry learning. The obtained ¢ value
(tcounty = 4.84) exceeds the critical # value (ftable) = 2.68) at a significance level of a = 0.01. This finding leads
to the acceptance of the alternative hypothesis (H.), confirming that inquiry-based instruction had a significant
effect on students’ conceptual understanding of colloidal systems. These results provide strong statistical evidence
that the observed improvement in students’ posttest scores was not due to random variation but was attributable to
the instructional intervention. The acceptance of H, reinforces the effectiveness of inquiry-based learning as an
instructional approach for enhancing conceptual understanding in secondary chemistry education.

The findings of this study demonstrate that inquiry-based chemistry learning plays a crucial role in
facilitating students’ conceptual development by actively engaging them in the process of knowledge construction.
Rather than receiving information passively, students were encouraged to explore phenomena, formulate
explanations, and justify their reasoning through experimental evidence. This active engagement aligns with
constructivist learning theory, which emphasizes that meaningful learning occurs when learners integrate new
experiences with prior knowledge. The overall improvement in students’ conceptual understanding suggests that
inquiry-based instruction supports deeper cognitive processing and promotes more coherent mental models of
chemical concepts.

The variation in conceptual development across different indicators highlights the nuanced nature of
learning in chemistry. Concepts grounded in observable phenomena and everyday contexts, such as the
classification and applications of colloids, were more readily internalized by students. This suggests that inquiry-
based learning is particularly effective when students can directly relate experimental observations to familiar real-
world situations. Contextualized inquiry activities appear to reduce cognitive load and facilitate the formation of
conceptual links between theory and practice, thereby strengthening students’ understanding.

However, the persistence of misconceptions in certain conceptual domains indicates that inquiry-based
learning alone may not be sufficient to address all learning challenges. Concepts that require integration across
macroscopic, submicroscopic, and symbolic levels—such as colloidal properties—remain difficult for many
students [44], [45]. This finding is consistent with existing literature in chemistry education, which reports that
students often struggle with abstract representations and particle-level reasoning. These challenges underscore the
importance of incorporating explicit scaffolding strategies within inquiry-based instruction to support students in
navigating complex conceptual structures.

The diagnostic questionnaire results further emphasize the role of hands-on experimentation in supporting
conceptual understanding. Students demonstrated strong conceptual interpretations when learning activities
involved direct observation and experimentation, particularly in understanding phenomena such as light scattering
and coagulation. These experiences allowed students to reconcile theoretical explanations with tangible evidence,
thereby reinforcing conceptual clarity. Nevertheless, misconceptions related to classification and less explicitly
demonstrated processes reveal the need for targeted instructional interventions that explicitly address conceptual
boundaries and distinctions.
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From a pedagogical perspective, the predominance of moderate conceptual gains suggests that guided
inquiry offers a balanced instructional approach that supports learning without overwhelming students [46], [47].
While inquiry-based learning fosters engagement and conceptual growth, achieving higher levels of conceptual
gain may require extended instructional time, repeated exposure to inquiry cycles, and differentiated scaffolding
tailored to students’ prior knowledge and learning needs. This highlights the importance of designing inquiry
activities that are both cognitively challenging and adequately supported.

Overall, the results of this study contribute to the growing body of international research demonstrating
the effectiveness of inquiry-based learning in chemistry education. By combining inquiry-based instruction with
validated diagnostic assessment tools, this study provides insight into not only the extent of students’ conceptual
improvement but also the nature of their remaining misconceptions [48], [49]. These findings have important
implications for chemistry educators seeking to design instructional strategies that promote meaningful conceptual
understanding and long-term knowledge retention.

The findings of this study have several important implications for chemical education practice and
research. The improvement in students’ conceptual understanding through inquiry-based learning indicates that
instructional approaches emphasizing active exploration, questioning, and evidence-based reasoning can
effectively support students in constructing meaningful chemical concepts, particularly for abstract topics such as
colloidal systems [33], [50]. These results suggest that chemistry teachers should consider integrating structured
inquiry activities into regular classroom instruction to facilitate deeper engagement with chemical representations
at macroscopic, submicroscopic, and symbolic levels. Furthermore, the use of diagnostic assessments provides
valuable insights into students’ learning processes and misconceptions, which can inform more targeted
instructional interventions and curriculum refinement in secondary chemistry education.

Despite these contributions, this study is subject to several limitations that should be considered when
interpreting the results. First, the research was conducted in a single school context with a limited sample size,
which may restrict the generalizability of the findings to broader educational settings. Second, the duration of the
intervention was relatively short, limiting the ability to examine long-term retention of conceptual understanding.
Third, the study focused primarily on conceptual outcomes without incorporating qualitative data such as
classroom observations or student interviews that could further illuminate students’ learning experiences. Future
research is therefore recommended to involve larger and more diverse samples, extend the duration of inquiry-
based interventions, and employ mixed-methods approaches to provide a more comprehensive understanding of
the impact of inquiry-based learning on students’ conceptual development in chemistry.

4. CONCLUSION

Based on the data analysis, it can be concluded that inquiry-based chemistry learning has a significant
positive effect on students’ conceptual understanding of colloidal systems. The findings indicate that students who
engaged in inquiry-oriented instructional activities demonstrated meaningful conceptual improvement compared
to their initial understanding. These results provide empirical support for the effectiveness of inquiry-based
learning as an instructional approach for promoting deeper conceptual understanding in secondary chemistry
education. Future research is recommended to investigate the long-term effects of inquiry-based learning on
students’ conceptual retention and transfer across different chemistry topics and educational contexts. In addition,
subsequent studies should employ mixed-methods designs involving larger and more diverse samples to explore
how students’ reasoning processes and misconceptions evolve during inquiry-based chemistry instruction.
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