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ABSTRACT

Mastering abstract chemistry concepts such as the colloid system requires effective instructional strategies that promote
active knowledge construction. This study aimed to investigate the impact of the guided inquiry learning model on
students' conceptual understanding of colloid systems. A quantitative pre-experimental approach with an intact-group
comparison design was employed. Utilizing purposive sampling, 47 eleventh-grade students from an Islamic Senior High
School in Indonesia were selected and divided into an experimental group (n=27) taught using guided inquiry and a
control group (n=20) taught using conventional teacher-centered methods. Data were collected using a validated two-
tier multiple-choice diagnostic post-test to evaluate conceptual mastery and uncover underlying misconceptions. The
independent sample t-test analysis revealed a statistically significant difference (p = 0.000 < 0.05) between the two
groups. The experimental group achieved a higher average score (74.41, High category) compared to the control group
(58.86, Moderate category). Furthermore, the diagnostic test demonstrated that guided inquiry substantially increased
true conceptual understanding and effectively minimized the rates of student misconceptions and complete lack of
understanding. The findings conclude that guided inquiry is a highly effective instructional model for enhancing
meaningful learning in chemistry, assisting students in connecting macroscopic observations with theoretical concepts,
although further scaffolding is needed for submicroscopic particle-level mechanisms.
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1. INTRODUCTION

Modern education emphasizes the importance of student-centered learning to help students build meaningful knowledge
rather than merely memorizing information provided by teachers (Amini et al., 2023; Ahmad Dhomiri et al., 2023). In science
education, particularly chemistry, achieving deep conceptual understanding is essential. Chemistry plays a crucial role in
developing logical, analytical, and systematic thinking skills. However, it is often perceived as a difficult and abstract subject
by many students because its core concepts lie at the microscopic level, which cannot be observed directly and requires high
reasoning skills to comprehend (Ariani et al., 2024). Consequently, fostering robust conceptual understanding remains a
primary concern in chemistry learning.

One specific chemistry topic that frequently causes comprehension difficulties for students is the colloid system. The
colloid material requires students to understand dispersion systems, particle sizes, classifications, and properties (e.g.,
Tyndall effect, Brownian motion, adsorption), as well as their applications in daily life. The characteristics of this topic are
highly contextual yet abstract. Students must connect macroscopic observations with microscopic processes. The inability
to accurately link macroscopic, sub-microscopic, and symbolic representations often leads to misconceptions and poor
conceptual understanding (Rahmawati et al., 2025;Zahro et al., 2024). This highlights the need for an instructional strategy
that assists students in meaningfully constructing relationships between concepts and multiple representations (Sihaloho
et al., 2025).

The complexity of the colloid system demands a learning environment that transcends rote memorization and passive
reception. Grounded in constructivist theory, meaningful learning occurs when students actively integrate new information
with their prior knowledge to build coherent cognitive structures (Asrifan et al., 2025; Sharan, 2015; Sharma & Chawla,
2019). However, conventional instruction often bypasses this critical construction phase, presenting colloid phenomena
merely as facts to be memorized rather than mechanisms to be explored. This superficial approach exacerbates students'
cognitive load, particularly when they are required to transition seamlessly between macroscopic observations,
submicroscopic particle interactions, and symbolic representations(Carlson et al., 2003; Thompson & Lake, 2023; Wu et al.,
2022). Consequently, without proper instructional scaffolding, students struggle to visualize the dynamic nature of colloidal
dispersions, leading to deeply rooted misconceptions that hinder their overall scientific literacy (Azevedo et al., 2004; Jumaat
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& Tasir, 2014; Miterianifa et al., 2020).

Conceptual understanding is defined as the students' ability to logically interpret, explain, and interrelate concepts to
prevent misconceptions (Fathonah et al., 2024). Good conceptual understanding is reflected in the ability to apply concepts
flexibly, efficiently, and accurately to scientific phenomena (Yeni et al., 2024). Poor conceptual understanding often occurs
when the learning process emphasizes rote memorization over knowledge construction. Therefore, assessing conceptual
understanding requires more than standard multiple-choice tests, which only evaluate the final answer. The Two-Tier
Multiple Choice diagnostic instrument is highly effective for this purpose, as its first tier assesses the student's factual
choice, while the second tier evaluates the underlying scientific reasoning, successfully uncovering hidden misconceptions
(Ananda & Suharto, 2021 ; Azizah et al., 2022)

Despite the demand for meaningful learning, preliminary observations and interviews at a high school (Madrasah Aliyah
Jabal Nur) revealed a prevalent reliance on conventional, teacher-centered methods. The dominance of lecturing makes
students passive recipients of information, limiting their opportunities to explore and independently construct knowledge
(Suryadinata, 2025). This condition aligns with the general characteristic of chemistry being considered difficult (Astafani
et al., 2024), resulting in students failing to meet the minimum mastery criteria. There is a critical need for an effective
learning model that stimulates thinking skills and provides direct learning experiences to clarify abstract concepts (Umar
et al., 2022).

To address this gap, Guided Inquiry Learning emerges as a highly relevant instructional model. This model engages
students actively in scientific investigations under the teacher's guidance as a facilitator (Rodri et al., 2025). By observing
phenomena, identifying problems, formulating hypotheses, collecting and analyzing data, and drawing conclusions,
students are given the opportunity to build their own understanding based on empirical evidence. Previous studies have
demonstrated that guided inquiry significantly enhances students' conceptual understanding and reduces misconceptions
(Fuad & Wildani, 2025; Saija & Beay, 2022) Furthermore, recent research specifically indicates the positive effect of inquiry-
based approaches on mastering colloid concepts (Sulastri et al., 2025)

To further bridge the gap between abstract chemical concepts and students' cognitive capacities, the Guided Inquiry
Learning model offers a highly structured yet autonomous pedagogical framework. While open inquiry might overwhelm
students due to a lack of structure, guided inquiry provides essential teacher scaffolding systematically, ensuring that
students do not deviate from the core scientific principles (Aragiies, 2023; Loertscher & Minderhout, 2019; Vroom Redden
et al., 2020). Recent comprehensive reviews assert that incorporating small-scale experiments and guided investigations
significantly enhances science process skills, multiple representation mastery, and conceptual retention, making it an ideal
strategy for intricate topics like chemistry (Hunnicutt et al., 2015; Maison et al., 2020; Tornee et al., 2019)

However, accurately measuring the impact of such instructional interventions remains a persistent challenge in science
education research. Traditional assessment methods often fail to distinguish between true conceptual mastery, guessing,
and ingrained misconceptions(Fakiyesi et al., 2025; Jiang et al., 2025; Nurrizqi et al., 2025). The integration of the Two-Tier
Multiple Choice diagnostic instrument is imperative to address this methodological gap. By requiring students to articulate
their scientific justification, this instrument provides a multidimensional map of students' understanding(Braten et al.,
2013; Zazkis & Rouhani, 2024). This diagnostic capability reveals exactly where the instructional scaffolding of guided
inquiry succeeds and where submicroscopic conceptual blockages persist.

While previous studies have independently explored the benefits of guided inquiry or the utility of two-tier diagnostics,
there is a distinct scarcity of research that integrates both to deeply evaluate the mastery of the colloid system, particularly
within the context of an Islamic Senior High School in Indonesia. This demographic often experiences unique pedagogical
dynamics where the transition to student-centered learning is challenging yet profoundly necessary(Armellini et al., 2021;
Manning et al., 2023; Shaw et al., 2019). This study is uniquely positioned to fill this specific research gap. By synergizing
the guided inquiry learning model with a rigorous two-tier diagnostic evaluation, this research aims not only to quantify
the improvement in conceptual understanding but also to qualitatively map how guided scaffolding dismantles specific
chemical misconceptions.

Based on the existing gap between the ideal chemistry instruction and the reality of passive classroom practices, this
study aims to investigate the impact of the guided inquiry learning model on students' conceptual understanding of the
colloid system. By utilizing a two-tier multiple-choice assessment, this research seeks to provide comprehensive insights
into how guided inquiry influences students' ability to construct scientifically accurate concepts.

2. RESEARCH METHOD
2.1 Research Design

This study employed a quantitative approach using a pre-experimental intact-group comparison design (Waruwu et al.,
2025). The research involved two existing (intact) classes functioning as different groups: an experimental group that
received the treatment using the guided inquiry learning model, and a control group taught using a conventional, teacher-
centered instructional model. A post-test was administered to both groups at the end of the learning period to measure and
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compare the impact of the respective treatments on the students' conceptual understanding of colloid systems.
2.2 Participants

The research was conducted at an Islamic Senior High School (Madrasah Aliyah Jabal Nur) in North Aceh, Indonesia,
during the even semester of the academic year. The population comprised all eleventh-grade students across four classes.
Using a purposive sampling technique, two classes were selected as the research sample based on the equivalence of their
prior academic performance and teacher recommendations. Class XI-1, consisting of 27 students, was assigned as the
experimental group, while Class XI-4, consisting of 20 students, served as the control group

2.3 Data Collection Instrument

Data were collected using a diagnostic two-tier multiple-choice test focused on the colloid system. The test was administered
as a post-test to evaluate the students' conceptual understanding. The first tier of the instrument assesses the students'
factual knowledge by asking them to select the correct answer, while the second tier requires them to choose the underlying
scientific reasoning for their answer in the first tier.

2.4 Data Processing Technique

The students' responses were evaluated based on a specific scoring rubric adapted from Fajri et al., (2022). A score of 1 is
awarded only if both the answer and the reason are correct, while other combinations receive a score of 0, as detailed in
Table 1.

Table 1. Category and Scoring Rubric for the Two-Tier Multiple Choice Instrument

Category Criteria Score
Lack of Understanding Incorrect answer and incorrect/blank reason 0
Guessing Incorrect answer but correct reason 0
Misconception Correct answer but incorrect reason 0
Conceptual Understanding Correct answer and correct reason 1

Source: Adapted from (Fajri et al., 2022)

The final conceptual understanding score was calculated as a percentage by dividing the total score obtained by the
maximum possible score, multiplied by 100%. The resulting percentages were then classified into five descriptive categories
of conceptual understanding based on the criteria established by Musa et al., (2023), as presented in Table 2.

Table 2. Criteria for Students' Conceptual Understanding Scores

Percentage (%) Category
80 — 100 Very High
61— 80 High
41 -60 Moderate
21 -40 Low
0-—20 Very Low

Source: Adapted from (Fajri et al., 2022)

Furthermore, to map the students' cognitive structures, the data were processed item-by-item to calculate the percentage
distribution of students falling into each diagnostic category (Conceptual Understanding, Misconception, Guessing, and
Lack of Understanding). This specific processing technique allowed researchers to identify exactly which sub-topics of the
colloid system harbored the highest misconception rates.

2.5 Data Analysis

Prior to the primary data collection, the research instrument underwent empirical feasibility tests, encompassing validity
(using Pearson correlation), reliability (using Cronbach's alpha), difficulty index, and discrimination power analyses. The
primary data analysis was conducted using descriptive and inferential statistics facilitated by statistical software (IBM
SPSS Statistics). Descriptive statistics were used to determine the mean scores and the frequency distributions of the
conceptual categories. For inferential statistics, prerequisite tests were mandatory before conducting hypothesis testing.
The Shapiro-Wilk test was utilized to evaluate data normality, which is highly appropriate for sample sizes of less than 50
(n < 50). Subsequently, Levene’s test was conducted to assess the homogeneity of variances between the experimental and
control groups. Finally, to test the research hypothesis and determine the significance of the instructional impact, an
Independent Sample t-test was employed. In cases where the variances were not homogeneous based on Levene’s test, the
equal variances not assumed (Welch's t-test) condition was applied. The statistical decision was based on a significance level
of a = 0.05. The null hypothesis (H,) is rejected if the p-value (Sig. 2-tailed) is less than 0.05, establishing that the guided
inquiry learning model significantly impacts students' conceptual understanding compared to conventional methods.
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3. RESULTS AND DISCUSSION
3.1 Prerequisite Analysis and Hypothesis Testing

Prior to evaluating the impact of the instructional model, prerequisite analyses comprising normality and homogeneity tests
were conducted on the post-test data. The Shapiro-Wilk test was utilized to assess data normality. As presented in Table 3,
the results indicated that the post-test data for both the experimental group (p = 0.118) and the control group (p = 0.380)
were normally distributed, as the significance values exceeded the a = 0.05 threshold.

Table 3. Normality Test Results of Conceptual Understanding

Shapiro wilk
Class Statistic af Sig.
Experimental .939 27 .118
Control .951 20 .380

Furthermore, the Levene’s test for equality of variances was conducted to determine the homogeneity of the data. As
shown in Table 4, the test yielded a significance value of p = 0.010 (p < 0.05), indicating that the data variances between
the two groups were not homogeneous.

Table 4. Homogeneity Test Results
Levene Statistic df1 df2 Sig.
7.252 1 45 .010

Consequently, to test the research hypothesis, an Independent Sample t-test with the equal variances not assumed
condition was employed. The statistical analysis (Table 5) revealed a Sig. (2-tailed) value of 0.000 (p < 0.05).

Table 5. Independent Sample t-test Results
Variable Assumed Variance df Sig. (2-tailed)
Conceptual Understanding Equal variances not assumed 45 0.000

This results leads to the rejection of the null hypothesis (Hy) and the acceptance of the alternative hypothesis (H;). It can
be conclusively stated that the implementation of the guided inquiry learning model significantly impacts students'
conceptual understanding of the colloid system compared to conventional teaching methods. This statistical finding is
consistent with previous studies which assert that guided inquiry learning models effectively enhance students' conceptual
understanding across various chemistry topics, including buffer solutions and thermochemistry (Leonarda et al., 2023) ;
Sulistiyono, 2020).

3.2 Analysis of Students’ Conceptual Understanding

The significant impact identified in the hypothesis testing is further reflected in the descriptive comparison of the students'
post-test scores. As illustrated in Figure 1, the experimental group, which engaged in guided inquiry learning, achieved a
higher average conceptual understanding score of 74.41 (categorized as High). In contrast, the control group recorded a
lower average score of 58.86 (categorized as Moderate).
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Figure 1. Average Post-test Scores of Conceptual Understanding

The use of the Two-Tier Multiple Choice diagnostic instrument provided deeper insights into the students' cognitive
structures, successfully identifying true conceptual understanding, misconceptions, and lack of understanding through both
the answers and the underlying reasoning(Seng & Lian, 2026). The percentage distribution of these conceptual categories
for both classes is visualized in Figure 2.
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Figure 2. Percentage of Conceptual Understanding

Based on the figures above, the analysis demonstrated that the experimental group outperformed the control group
significantly in the Conceptual Understanding (PK) category, achieving 74.4% compared to the control group's 58.9%.
Furthermore, the Lack of Understanding (TPK) category was substantially minimized in the experimental group (10.4%)
compared to the control group (23.6%). The rates of misconceptions and guessing were also noticeably lower in the
experimental class. This evidence corroborates the notion that guided inquiry learning not only elevates comprehension but
also effectively mitigates student ignorance and misconceptions (Latukau, 2022).

3.3 Discussion on Specific Colloid Concepts and Misconceptions

An item-by-item analysis of the diagnostic test revealed varying levels of comprehension among the students, illuminating
specific cognitive strengths and barriers in learning the colloid system. The highest level of conceptual understanding was
observed in item number 1 (92.6%), which assessed the classification of aerosols and emulsions. This exceptionally high
mastery indicates that students are highly capable of connecting theoretical concepts with observable, everyday macroscopic
phenomena, such as fog or milk. Because these concepts are deeply rooted in their daily experiences, students can easily
assimilate the new information into their existing cognitive structures (Mellyzar et al., 2022). Conversely, the lowest
comprehension rates were found in items 4 and 21 (44.4%), which dealt with the preparation methods and complex
classifications of colloids. This stark contrast highlights the students' ongoing difficulties in linking theoretical concepts
with the dynamic mechanisms of colloid formation. Preparation methods (such as dispersion and condensation) require
students to visualize invisible particle aggregations or breakdowns. The struggle evident in these items underlines the well-
documented cognitive bottleneck that occurs when students are forced to transition simultaneously between macroscopic
observations, submicroscopic particle-level interactions, and symbolic chemical equations without adequate visualization
aids (Wang et al., 2022).

The utilization of the two-tier multiple-choice instrument proved crucial in unmasking the "illusion of competence" often
found in traditional assessments. Regarding misconceptions, the highest occurrence in the experimental group was found
in item 4 (40.7%), while the control group struggled most with item 13 (30.0%). These findings indicate a critical phenomenon:
while many students can successfully memorize or guess the correct factual answer in the first tier, they often lack the
appropriate scientific reasoning to justify it in the second tier. In a conventional multiple-choice test, these students would
be misclassified as having understood the concept, masking their fragmented cognitive schemas (Ananda & Suharto, 2021 ;
Fajri et al., 2022). By exposing these hidden misconceptions, the study demonstrates that rote learning strategies, prevalent
in the control group, fail to build coherent logical frameworks necessary for robust scientific reasoning.

Furthermore, the data regarding students' Lack of Understanding (TPK) provides profound insights into the limitations
of current instructional practices. The highest rate of TPK was recorded in item 22 (gel preparation via solvent replacement),
affecting a staggering 85.0% of the control group. While the guided inquiry intervention significantly reduced this ignorance
rate to 48.1% in the experimental group, the figure remains relatively high. This condition suggests that highly abstract
concepts involving particle-level mechanisms remain profoundly challenging to grasp solely through macroscopic laboratory
activities. Solvent replacement mechanisms require students to mentally model the kinetic behavior of molecules and their
physical interactions. Without explicit submicroscopic representation and targeted instructional scaffolding, such as
molecular animations or digital simulations, students' mental models remain incomplete or severely distorted (Keiner &
Graulich, 2021;Morais et al., 2024;Locatelli, 2021).

Overall, despite the persistent challenges at the submicroscopic level, the guided inquiry model demonstrably facilitated
significantly better conceptual understanding than the conventional approach. By actively involving students in observing
phenomena, formulating hypotheses, investigating empirical data, and drawing scientifically sound conclusions, the model
forces students to actively confront and correct their prior misconceptions. This instructional approach aligns seamlessly
with constructivism theory, which posits that meaningful learning is not passive absorption but an active process of
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cognitive accommodation and (Blown, 2024 ; Jr & Adlaon, 2026; Winarni et al., 2022). When students discover the principles
of the Tyndall effect or coagulation through guided empirical investigation, the knowledge constructed is far more durable
and logically interconnected.

The findings of this study contribute significant empirical evidence to the existing body of literature, strongly supporting
the premise that guided inquiry learning significantly improves conceptual mastery. The structured nature of the "guided"
inquiry ensures that students are not cognitively overwhelmed as they might be in open inquiry while still maintaining the
autonomy necessary for deep cognitive reflection and evidence-based analysis (Pahriah et al., 2024;, Karal Eyiiboglu &
Saglam Arslan, 2024;, Zahronada et al., 2025). The pedagogical implication of this research is clear: to foster true chemical
literacy and eradicate persistent misconceptions in topics like the colloid system, educators must transition from lecture-
based delivery to inquiry-based scaffolding, whilst concurrently integrating technological visualization tools to bridge the
persistent gap between macroscopic experiments and submicroscopic realities.

4. CONCLUSION

Based on the findings and data analysis, it can be concluded that the implementation of the guided inquiry learning model
has a significant and positive impact on students' conceptual understanding of the colloid system. The statistical evidence
confirms that students engaged in guided inquiry significantly outperformed those taught using conventional, teacher-
centered methods. Beyond the statistical significance, the use of the two-tier multiple-choice diagnostic test revealed that
guided inquiry not only enhances true conceptual mastery but also effectively minimizes the rates of student misconceptions
and complete lack of understanding (ignorance). By actively involving students in the scientific investigation process, the
model successfully shifts the learning paradigm from passive rote memorization to active knowledge construction, helping
students connect abstract theoretical concepts with observable macroscopic phenomena. However, despite the overall
improvement, this study also highlights a specific limitation: students still encounter difficulties in comprehending complex
mechanisms at the submicroscopic level, such as particle interactions during colloid preparation (e.g., gel formation).
Therefore, the findings of this study imply that chemistry educators should adopt guided inquiry as a highly effective
instructional strategy to foster meaningful learning. For future research, it is strongly recommended to integrate the guided
inquiry model with immersive visual technologies or digital simulations. Providing explicit scaffolding for submicroscopic
and symbolic representations will further assist students in visualizing particle-level mechanisms and completely
eradicating lingering chemistry misconceptions.
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