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Abstract: Indonesian students’ chemical literacy skills remain relatively low, 
due to limited instructional materials fostering students’ active learning 
engagement. This research aims to analyze the effectiveness of a guided 
discovery learning (GDL)-based module on fundamental chemical laws on 
students’ chemical literacy skills in Phase E at a senior high school (SMA-X) in 
Padang. This research is a quasi-experimental study with a nonequivalent 
control group design. The study involved 72 students, comprising 36 students 
in the experimental class and 36 students in the control class. The instrument 
was a modified chemical literacy test comprising eight essay questions, with 
validity and reliability assessed using the Ministep application with the Rasch 
Model approach. The data were analyzed using the N-Gain test, normality test, 
homogeneity test, hypothesis testing, and effect size analysis. The results 
showed that the N-Gain score for the experimental class (0.67) was higher than 
that of the control class (0.42). The normality test results indicated that the 
data were normally distributed, and the homogeneity of variance test showed 
that the data were homogeneous. The hypothesis test, conducted using 
Analysis of Covariance (ANCOVA) with a group significance level of 0.000 < 
0.05, revealed a significant difference between the chemical literacy abilities 
of the experimental class and the control class. The module had a high (large) 
effect on improving students’ chemical literacy skills, with an effect size 
(partial eta-squared) of 0.339. Thus, the GDL-based module on the fundamental 
chemical laws was significantly more effective in improving the chemical 
literacy skills of students in Phase E.  

How to cite: Yerimadesi, Hulu, J. R., Azhar, M., & Gazali, F. (2026). The Effect of Using a Guided Discovery Learning-Based 
Fundamental Chemical Laws Module on Students’ Chemical Literacy Skills. PAEDAGOGIA, 29(3), 523-535. DOI: 
10.20961/paedagogia.v29i3.127561 

INTRODUCTION 

Students must have 21st-century competencies that focus on critical thinking, problem solving 
and applying knowledge in real-life contexts (Damme et al., 2023; Thornhill-Miller et al., 2023). In 
chemistry education, these demands are realized through chemical literacy, which requires an 
understanding of chemical concepts, connecting them to real-life phenomena, and using that knowledge 
to make science-based decisions (Zandroto & Sinaga, 2022). Chemical literacy is part of scientific literacy 
and is measured by the Programme for International Student Assessment (PISA). Therefore, scientific 
literacy scores can be used as a measure of students’ chemical literacy (OECD, 2026).  

However, based on empirical data, science literacy skills among Indonesian students are still 
facing difficulties. According to the results of the 2025 Programme for International Student Assessment 
(PISA), the mean science achievement score of Indonesia’s 15 year old students were only 389 points, 
which is lower than the OECD average score of 482 points. Also, 63.2% of Indonesian students did not 
reach Level 2 in science literacy. This indicates that a large majority of Indonesian students are still unable 
to meet basic competencies in science (OECD, 2026). 

This is supported by research showing that chemical literacy proficiency on the “explaining 
scientific phenomena” indicator reached only 43% and on the “using scientific evidence” indicator only 
36%, thus falling into the low category (Zandroto & Sinaga, 2022). Moreover, the chemical literacy ability 
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of high school students regarding acid-base topic was not good enough since they only reach 56% average 
of total ability, which is categorized as low(Saputri et al., 2023).  

These issues are not limited to the national level but also affect students in the city of Padang. 
From the literature review, it was found that there are no recent data on the achievements of high school 
students in Padang City in terms of their chemistry literacy results. However, there were several recent 
studies stating that the science literacy among students in Padang City was still at a low level (Yani & 
Akmam, 2025). This suggests that the issue of chemical literacy—as part of science literacy—remains an 
unresolved problem requiring further attention and the need for innovations in chemistry instruction 
(Mashami, 2025). 

The low level of literacy made it difficult for students to comprehend chemistry content, especially 
the conceptual and quantitative aspects of the fundamental chemical laws (Tokgöz & Sarıkaya, 2025). 
Low levels of chemical literacy cause students to tend to merely memorize concepts without 
understanding their meaning and application (Melati et al., 2024; Rahmawati et al., 2024). 

One contributing factor to this problem is the continued use of teacher-centered teaching 
methods, as well as a lack of instructional materials that encourage students’ active engagement (Fitriani 
& Yerimadesi, 2022). Many improvement programs have been carried out with the development of learning 
tools in the form of e-module and interactive, effective, and appropriate learning modules. Previous 
research has developed a Guided Discovery Learning (GDL)-based module with a very high level of validity 
(Aiken’s V = 0.925) and a practicality rate above 90% (Yuda & Yerimadesi, 2025). The result showed that 
the module is feasible in its design. However, there is insufficient evidence of validity and practicality to 
conclude whether the module is effective in improving students’ chemical literacy. Hence, the purpose of 
this study was to examine the effectiveness of a GDL-based module on chemical literacy skills using a 
quasi-experimental study. The effectiveness of the module can be determined by examining the difference 
in learning outcomes between the experimental and control groups. The findings of this study would 
provide empirical evidence of the module's effectiveness in improving students’ chemical literacy skills. 

However, little study has been undertaken into the effectiveness of guided discovery learning 
based modules in teaching fundamental chemistry concepts to Phase E students. From a pedagogical 
perspective, GDL encourages active student engagement and helps students discover concepts through 
a guided learning process (Potier, 2023; Yerimadesi et al., 2023). However, the effectiveness of this 
approach needs to be empirically demonstrated in the context of teaching the basic laws of chemistry. 
Thus, this study sought to determine the significant effectiveness of a GDL module on the fundamental 
laws of chemistry in enhancing chemical literacy skills among Phase E high school students compared to 
the standard instructional materials used by the control group. 

The study aimed to determine the effectiveness of a module designed to teach fundamental 
chemical laws using the GDL framework in increasing the chemical literacy of Phase E senior high school 
students.  

METHOD 

Research Type 
This research used a quantitative approach in the form of a quasi-experimental design where a 

"nonequivalent control group design" was used, meaning there were two groups, the experimental group 
and the control group (Cham et al., 2024; Simesso, 2024). The experimental group received an intervention 
in the form of a GDL module that covered fundamental chemical laws proven to be effective. Meanwhile, 
the control group used learning modules from teaching materials already available at the school. These 
materials featured content presentations, sample problems, formulas, and practice problems designed to 
help students understand the concepts. However, these teaching materials are not specifically designed 
to support students in exploring the concept and building their chemical literacy skills by analyzing 
phenomena and applying concepts to everyday contexts. The control group will use existing learning 
modules. Population and Sample: All 10th-grade students in Phase E at a public high school in Padang 
during the 2025/2026 academic year became the population of this study. The sample was obtained using 
the cluster random sampling technique. This is a type of sampling where the samples are taken randomly 
from different groups (Cathrice, 2021). 
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Research Procedures  
 The study was conducted through three phases, namely the preparation phase, the 

implementation phase, and the completion phase. In the preparation phase, teaching-learning materials 
were prepared, such as learning modules and tools for research. Next, the implementation stage involved 
learning activities that applied the GDL model in accordance with the instructional modules. The final 
phase was collecting, processing, and analyzing the data acquired to evaluate the efficacy of the 
intervention on improving the chemical literacy skills of Phase E students at SMA-X. 

 

Figure 1. Research Procedure Flowchart 
 
Population and Sample  

The population in this study consisted of all tenth-grade students in Phase E at SMA-X Padang 
City in 2025/2026. The sampling technique was cluster random sampling (Ahmed, 2024; Cathrice, 2021). 
Two classes were chosen as a sample from all available classes. Each class had 36 students, divided into 
an experimental group and a control group. 
Research Instruments  

The instruments used were adapted from those developed by (Sartika & Yusmaita, 2020) for 
questions 1–6, which met the validity criteria, and modified from those developed by (Fauziyyah, 2023) 
for questions 7–8. The tool is composed of 8 open-ended questions aimed at assessing students’ 
chemical literacy skills related to the topic ‘Fundamental Chemical Laws’. The items 1 and 2 assess 
students’ ability to apply and explain the Law of Conservation of Mass (Lavoisier) based on mass 
calculation and interpretation of data from reactions. Items 3 and 4 measure the ability to apply the Law 
of Definite Proportions (Proust) through determining the mass ratios of elements and explaining the 
concept of constant mass ratios. Furthermore, items 5 and 6 measure the ability to apply Dalton’s Law of 
Multiple Proportions through comparing the masses of elements in compounds and interpreting 
calculation results. Item 7 tests the student’s ability to use the fact that gas volumes are related in a 
chemical reaction. Item 8 tests their ability to apply Avogadro’s Hypothesis to determine the gas volume 
from the number of particles at a given temperature and pressure. Overall, these eight items assess 
students’ ability to apply chemical concepts, use calculation procedures, and interpret quantitative 
information in the context of chemical problems to improve students’ chemical literacy (Vo et al., 2022). 
The instrument also measures procedural knowledge (K3) at the application (C3) cognitive level and 
covers the levels of scientific literacy, nominal scientific literacy, functional scientific literacy, and 
conceptual scientific literacy (Dunphy & Weisse, 2025; Sutiani et al., 2026; Zhang et al., 2026). 

Pretests and posttests were administered to both groups using the same instrument. The use of 
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the same instrument was intended to ensure consistency in the aspects of ability being measured and to 
allow for a comparison of students’ chemistry literacy abilities before and after the intervention. The 
potential for a testing effect in the form of increased student familiarity with the test items is recognized 
as a limitation of using the same instrument. To mitigate this potential effect, the tests were administered 
using consistent procedures and instructions, without providing feedback or answer keys after the pretest 
and before the posttest was administered. 

The instrument was then validated to ensure it was valid and reliable for use in the study. Data 
analysis to determine the instrument's quality was performed using the Rasch Model with MINISTEP 
software. The Rasch Model was used to analyze the quality of the open-ended instrument. This allowed 
us to determine the validity, reliability, difficulty, and discrimination of each item (Hadi & Csíkos, 2026).  

Data Analysis Techniques  
In this study, a quantitative data analysis method was used. N-gain test, normality test, 

homogeneity test, hypothesis testing, and effect size test were used on the obtained data to determine 
how much students improved their chemical literacy skills through the learning activities. A pre-test was 
conducted to collect data on students' initial ability before the learning activities. After the learning 
activities, a post-test was conducted to assess students' final ability.  

As both classes had different initial abilities, hypothesis testing was conducted using Analysis of 
Covariance (ANCOVA). This is to find out the effect of treatment given on student’s learning outcome by 
taking into account the students initial ability (pretest). The statistical hypothesis used was: 

H0:μ1≤μ2 

H1:μ1>μ2 

Notes: 
μ1= mean posttest of the experimental group  
μ2= mean posttest of the control group 
H0= There will be no significant increase in students' chemical literacy skills in the experimental class as 
opposed to the control class when taking into consideration students' initial abilities. 
H1= There will be a significant increase in students' chemical literacy skills in the experimental class as 
opposed to the control class when taking into consideration students' initial abilities. 
Decision criteria: 
a. If the significance value (Sig.) is < 0,05, then H1 is accepted.  
b. If the significance value (Sig.) is > 0,05, then H0 is accepted (Lüdtke & Robitzsch, 2025; Nayeri et al., 

2023). 

RESULT AND DISCUSSION 

This study used quantitative data obtained by using pre-test and post-test. There were eight essay 
items in the chemical literacy instrument used in this study. There were two groups involved in this study 
which were the experimental group and the control group. Each group consisted of 36 students.  
The results of test item analysis using the Rasch model, conducted with Ministep software, are shown 
below across four aspects: item validity, reliability, discriminant power, and difficulty level.  
The developed instrument was then validated by three validators using a scale of -1 to 1, where -1 indicates 
irrelevant or inappropriate, 0 indicates somewhat irrelevant or somewhat inappropriate, and 1 indicates 
relevant or appropriate (Rezigalla et al., 2024). The content validity results are presented in Table 1. CVR 
values of 0.93 and 0.96 indicate that all item sets meet the criteria for content validity. These results 
suggest that the test items are considered relevant for measuring the competencies targeted by the 
assessment. 

Table 1. Results of Content Validity Test 

Passage Item CVR Criteria 
1,2,3 1, 2, 3, 4, 5, 6 0,93 Valid 
4,5 7, 8 0,96 Valid 

The empirical validity of the data was examined using the Rasch model and the Minstep software. 
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The empirical validity was evaluated by considering the Outfit Mean Square (MNSQ), Outfit Z-Standard 
(ZSTD), and Point Measure Correlation (PT Corr) values (Abdulmajid & Khalid, 2024; Hadi & Csíkos, 2026). 
The results of the empirical validity analysis of the test items are shown in Table 2. All test items were 
deemed acceptable based on the criteria used in the analysis. Although item 3 had an MNSQ Outfit value 
of 1.83, the decision to accept it still had to be based on a combined evaluation of the three indicators 
and the established item-fit criteria. 

Table 2. Result of Empirical Validity Test 

Item 
OUTFIT 

PT Corr Remarks 
MNSQ ZSTD 

1 0,57 -1,59 0,58 Accepted 
2 0,77 -0,92 0,46 Accepted 
3 1,83 1,59 0,77 Accepted 
4 1,00 0,12 0,77 Accepted 
5 0,77 -0,33 0,84 Accepted 
6 0,90 -0,22 0,77 Accepted 
7 1,06 0,29 0,73 Accepted 
8 0,88 -0,06 0,73 Accepted 

Reliability of the instrument was checked by calculating person reliability, item reliability, and 
Cronbach’s Alpha (KR-20). It showed that the test is reliable and that the item difficulty hierarchy has 
remained stable (Abdulmajid & Khalid, 2024; Hadi & Csíkos, 2026). The results of the item reliability 
analysis are shown in Table 3. The high person reliability coefficient (0.91) is combined with a high item 
reliability coefficient (0.92). This indicates that the instrument is highly reliable. The Cronbach’s Alpha of 
0.87 indicates that the instrument has good internal consistency. Overall, the instrument has sufficient 
reliability to measure students' ability.  

Table 3. Result of Instrument Reliability Test 

Aspects Score Remarks 

Person Reliability 0,91 Very Good 
Item Reliability 0,92 Very Good 

Cronbach Alpha (KR-20) 0,87 Good 

The discriminant validity was analyzed so that it could be determined how well each item was 
able to differentiate between students by ability (Stemler, 2021). The results of the item discrimination 
analysis are shown in Table 4. The analysis results show that item 5 has very good discriminating power, 
five items have good discriminating power, and two items have adequate discriminating power. These 
findings indicate that most items are effective in distinguishing students’ ability levels.  

Table 4. Result of Instrument Discrimination Test 

Item Remarks 
5 Very Good 

3, 4, 6, 7, 8 Good 
1, 2 Fair 

The item difficulty levels were analyzed using the Joint Maximum Likelihood Estimation (JMLE) 
measure in logit units, derived from Rasch modeling (Darman et al., 2024; Hadi & Csíkos, 2026). The 
results of the item difficulty analysis are presented in Table 5. The analysis results show that two items 
are classified as very difficult, two as moderate, three as easy, and one as very easy. This distribution 
illustrates the variation in the instrument’s difficulty levels, although it still needs to be adjusted to align 
with the measurement objectives and the characteristics of students’ abilities.  

After the instrument’s quality was deemed acceptable based on validity, reliability, discriminative 
power, and difficulty level, it was used to measure students' chemistry literacy in the experimental and 
control groups. The results of the chemical literacy skills are shown in Table 6. 
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Table 5. Result of Instrumen Difficulty Test 

Item JMLE Measure (logit) Remarks 

3 +2,38 Very Difficult 
5 +2,20 Very Difficult 
7 +0,83 Moderate 
8 +0,41 Moderate 
4 -1,22 Easy 
1 -1,38 Easy 
6 -1,38 Easy 
2 -1,85 Very Easy 

Table 6. Result of Chemical Literacy 

Group N Pre-test Post-test N-Gain Category 

Control 36 14,5 50,5 0,42 Moderate 
Experimental 36 26,2 75,9 0,67 Moderate 

The mean pre-test and post-test scores resulted in increased scores. This indicates that both 
classes developed their chemical literacy skills. However, the experimental group showed greater 
improvement, with a higher score (Table 6). Both classes had moderate N-Gain scores. Despite both 
classes being in the same category, the experimental class's mean post-test score (75.9) was higher than 
the control class's (50.5). The experimental class also had a higher N-Gain score (0.67) compared with 
the control class (0.42). Overall, a GDL-based module was found to be more effective in improving 
students’ chemical literacy within the experimental class.  

The mean pre-test score for the experimental class was 26.2, compared with 14.5 for the control 
class (Table 6). This means that the two groups had different starting abilities. A hypothesis test was 
performed using Analysis of Covariance (ANCOVA) as the pre-test was used as a covariate in order to 
determine the effect of the treatment on chemical literacy (Muntholib et al., 2023; Nayeri et al., 2023). 

In order to prove there was a significant difference between the two groups, the data analysis 
included a normality test, homogeneity test, hypothesis test, and effect size calculation. This was due to 
the results showing that the initial proficiency level of students within the experimental and control 
classes were not equivalent. The linearity and homogeneity of regression slopes were also tested to 
ensure ANCOVA could be used (Lüdtke & Robitzsch, 2025; Schwarz, 2025).  

The results of the normality test regarding the distribution of data on chemical literacy skills for 
the classes included in the study are presented in Table 7.  

Table 7. Results of the Normality Test for Chemical Literacy 

Group N DCalculated DTable Decision 
Control 36 0,19 0,22 Normal 
Experimental 36 0,15 0,22 Normal 

The result of the normality test for skill in literacy chemistry of the control group and experimental 
group showed that the t-value was less than the t-table value, which means that the data were normally 
distributed (Table 7). The result of the homogeneity test for chemical literacy between the control group 
and the experimental group showed that the F-value was less than the F-table value, which means that the 
data were homogeneous (Table 8). 

Table 8. Result of the Homogeneity Test 

Group N S2 FCalculated FTable Description 

Control 36 0,02 
1,59 1,84 

Homogeneous 
Experimental 36 0,04 Homogeneous 

Based on the analysis of linearity test results on the pretest and posttest data for both sample 
groups, it is known that there is a linear relationship and does not deviate from linearity between the 
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scores of the two sample groups. Thus, the research data fulfills the assumption of linearity and can 
proceed to perform the ANCOVA test. 

Besides that, the result of the univariate test on the regression slope of the posttest data for both 
sample groups shows that the p-value is 0.055 > 0.05 for the interaction effect between Group and Pretest 
(Group Pretest). Hence, there is no significant interaction effect between group and pretest on the posttest 
score. Therefore, the assumption of homogeneity of regression slopes is fulfilled, and the ANCOVA test 
can be performed. 

 The results of the hypothesis test on chemical literacy ability in the sample classes are shown in 
Table 9. The results of the ANCOVA test with pretest as covariates. This table shows that the pretest 
covariate (0.002 < 0.05) had a significant effect on the posttest, since the value was significant. The group 
effect of 0.000 < 0.05 was also significant; therefore, we reject the null hypothesis (H0) and accept the 
alternative hypothesis (H1), indicating that there was a significant difference in chemical literacy abilities 
between the experimental and control groups after adjusting for the effect of the pretest. The adjusted R-
squared value shows that 52.3% of the variance in the posttest can be explained by the model. This shows 
that there was a significant difference in chemical literacy skills between the experimental and control 
group. This indicates that the use of a GDL-based fundamental chemical laws module had an impact on 
improving students’ chemical literacy skills compared to learning through commonly used teaching 
resources.  

Table 9. Result of the Hypothesis Test for Chemical Literacy 

 F Sig. 

Pretest 10,452 0,002 
Group (Posttest) 35,340 0,000 

R Squared = 0,536 (Adjusted R Squared = 0,523) 

The results of the effect size test for chemical literacy skills in the sample classes can be seen 
in Table 10. As shown in Table 10, the partial Eta-squared value for the group was 0.339, indicating a large 
effect. This suggests that using the module had a large impact on students' chemical literacy skills. This 
is supported by research suggesting that the GDL approach is more effective at increasing learning 
outcomes and science literacy in chemistry when compared to conventional approaches (Yerimadesi et 
al., 2023). Therefore, the intervention (GDL-based fundamental chemical laws module) has a highly 
significant effect on students' chemical literacy skills compared to the control class.  

Table 10. Results of the Effect Size Test for Chemical Literacy 

 Partial Eta Squared (η²) Category 
Pretest 0,132 Moderate 

Group (Posttest) 0,339 Large 

The GDL-based fundamental chemical laws module is designed to facilitate students' building of 
conceptual understanding through the scientific inquiry process. Activities in the basic chemistry module 
based on Guided Discovery Learning (GDL) demonstrate a connection to chemistry literacy indicators, 
namely explaining scientific phenomena, interpreting data, and using scientific evidence (Mabrouk, 2024; 
Qiao et al., 2024; Underwood et al., 2024). In the motivation and problem presentation stage (Figure 2, 
page 15), students are presented with the phenomenon of traffic congestion accompanied by molecular 
representations of CO and CO₂. This activity provides students with the opportunity to connect contextual 
phenomena with chemical representations, making it relevant to the indicator of explaining scientific 
phenomena. However, its effectiveness depends on students’ ability to make these connections, rather 
than merely observing the images (Spitha et al., 2024). 

In the data collection stage (page 17), students study information on the composition of sulfur 
dioxide (SO₂) and sulfur trioxide (SO₃), including the masses of sulfur and oxygen as well as their 
molecular representations. This information provides the basis for comparing the compositions of the 
two compounds and interpreting the quantitative relationships between their constituent elements. Next, 
during the data processing stage (page 18), students are asked to complete a table of element masses 
and determine the ratio of oxygen masses in the two compounds. This activity directly involves processing 
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quantitative data and using evidence in the form of mass ratios to support an understanding of Dalton’s 
law of multiple proportions. 

 

Figure 2. Demonstration of GDL Stages in Relation to Chemical Literacy Indicators 

Overall, these three GDL-stage activities demonstrate how the module content facilitates learning 
aligned with the chemical literacy indicators. The problem-presentation stage supports the linking of 
phenomena to concepts, while data collection and processing provide students with opportunities to 
interpret information and use quantitative evidence. However, the presence of these activities does not in 
itself prove that students have mastered every indicator. Evidence of actual achievement must be based 
on student responses and the results of chemical literacy assessments. Furthermore, the relationship 
between the verification and conclusion-drawing stages and the three indicators needs to be explained 
using the module pages that directly contain these activities (Scharlott et al., 2024; Spitha et al., 2024; 
Stowe et al., 2021). 

This improvement in chemical literacy is closely linked to the characteristics of the module, which 
was designed based on the GDL framework—namely, first, motivation and problem presentation; second, 
data collection; third, data processing; fourth, verification; and finally, drawing conclusions (Yerimadesi et 
al., 2023), as shown in Figure 2 (Yerimadesi et al., 2019). Based on the module’s content, each learning 
stage is designed to actively engage students in discovering concepts. In the initial stage, students are 
presented with contextual phenomena that encourage them to identify problems and formulate 
hypotheses. Next, through data collection and processing activities, students are trained to analyze 
information and relate concepts to scientific evidence. The verification and conclusion-drawing stages 
strengthen students’ ability to evaluate the validity of the hypotheses they have formulated. This active 
engagement is one of the strengths of the GDL model, as noted by (Yerimadesi et al., 2019), who state 
that this model possesses a high degree of validity and practicality because it optimally facilitates 
students’ learning activities (Dražić & Devetak, 2025).  

The application of GDL to the subject matter of the fundamental chemical laws provides students 
with the opportunity to build understanding through a gradual process of conceptual discovery. During the 
motivation and problem presentation stage, students are presented with contextual problems related to 
the fundamental chemical laws  to spark curiosity, activate prior knowledge, and encourage students to 
make predictions about the problems presented (Yerimadesi et al., 2023). Presenting problem-based 
stimuli in the early stages is crucial in discovery learning because it directs students’ attention toward the 
concepts to be discovered through the investigative process (Imroatus & Ikhsan, 2023). Next, during the 
data collection stage, students are actively engaged in identifying information and gathering relevant data 
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to address the problem. This activity reflects the characteristics of GDL, which positions students as the 
primary agents in acquiring and processing information through a guided inquiry process (Yerimadesi et 
al., 2023). The information obtained is then processed and analyzed during the data processing stage, 
enabling students to identify patterns, relationships, and chemical concepts from the available data. This 
process supports the development of conceptual understanding and the ability to apply chemical 
knowledge in solving problems. In the verification stage, students test their conjectures or hypotheses 
based on the data and concepts they have obtained, thereby verifying the validity of the concepts they 
have discovered. These verification activities are related to chemical literacy skills in using scientific 
evidence to support explanations and evaluate the information obtained (Ardyansyah & Rahayu, 2024; 
Wellhöfer & Lühken, 2022). Furthermore, the generalization stage provides students with the opportunity 
to draw conclusions and generalize the concepts they have discovered from various pieces of information 
and analysis. This process demonstrates that GDL learning not only guides students in obtaining answers 
but also builds connections among concepts, evidence, and phenomena, enabling the knowledge gained 
to be applied in broader contexts. In line with the framework of chemical literacy, conceptual mastery 
accompanied by the ability to connect chemical knowledge with phenomena and real-life contexts is a 
crucial component in developing chemical literacy (Sjöström et al., 2024; Wiyarsi et al., 2021). This 
development also aligns with the stages of literacy, in which literacy skills progress from conceptual 
recognition to conceptual understanding, procedural application of knowledge, and finally the ability to 
integrate various aspects of knowledge to understand phenomena more broadly (Sjöström et al., 2024). 
Thus, the series of GDL stages—ranging from problem presentation, information gathering, data 
processing, verification, to generalization—provides a systematic learning experience for students to build 
fundamental concepts of chemistry while developing the ability to use chemical knowledge to understand 
and explain scientific phenomena. 

The patterns of student responses at each stage of the GDL process indicate that GDL-based 
modules are effective in facilitating the gradual development of students’ chemical literacy, from the 
introduction of simple concepts to the integration of concepts and scientific evidence to draw 
conclusions. The higher the GDL stage students progress through, the better their achievement in 
chemical literacy (Sjöström et al., 2024).  

This process relates to indicators of chemical literacy, such as explaining scientific phenomena, 
using scientific evidence, and interpreting data. The learning process using this module not only focuses 
on students mastering the concepts, but also focuses on developing their scientific thinking. This 
research proves that using the GDL model has a great effect in developing chemical literacy as students 
are trained in all three indicators (Hu et al., 2026; Warlinda et al., 2022; Wiyarsi et al., 2021). 

The results of this study were in line with the constructivist theory that states students construct 
their own knowledge. Using the GDL model allows students to explore new concepts with guidance from 
teachers, thus making the learning more meaningful (Orosz et al., 2023; Partanen, 2023). This result was 
also supported by previous research showing that the GDL model has a high level of validity and 
practicality. The GDL model has also been proven effective in improving student learning outcomes and 
science literacy. Another study also found that the GDL model can develop students’ critical thinking skills 
(Solikhah et al., 2025). Many studies have proven that the GDL model can increase chemical literacy as 
students are involved in the learning process (Orosz et al., 2023; Sjöström et al., 2024; Warlinda et al., 
2022). Previous research also shows that modules based on the GDL model have a high level of validity, 
but their effectiveness has not been tested (Yuda & Yerimadesi, 2025). Hence, this research aims to 
demonstrate that using GDL-based modules in fundamental chemical laws can increase chemical literacy.  

Several factors indicate that GDL-based modules are more effective. Firstly, students are more 
involved in the learning process. Secondly, students are developing critical and analytical thinking by 
exploring new concepts. Thirdly, new technologies are incorporated to help students understand abstract 
concepts (Alanazi, 2024; Aroch et al., 2024). Fourthly, the materials are contextual so students can 
connect the concepts to their everyday life. Lastly, the activities in the module are specific to the indicators 
of chemical literacy (Assi & Cohen, 2024; Zhang et al., 2023). 

The findings of this research have theoretical and practical implications for developing chemistry 
literacy. Theoretically, the result supports the idea that using the GDL-based module grounded in 
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fundamental chemical laws can help students develop chemistry literacy. This is because the students’ 
N-Gain score in the experimental class was higher (0.67) compared to the control class (0.42), and the 
ANCOVA also showed there was a significant improvement. This supports the use of GDL-based modules 
as an alternative way to increase chemistry literacy, specifically for the topics covered in this research. 

In practice, chemistry teachers can implement GDL-based modules by guiding students to 
observe problems, analyze data, identify patterns, and draw conclusions based on fundamental chemical 
principles. Teachers act as facilitators who provide guidance throughout the discovery process, rather 
than merely conveying information. In curriculum design, these findings support the need to align 
instructional materials, learning activities, and assessments with the goal of developing chemistry 
literacy. Future module development can maintain the GDL stages while expanding the variety of contexts 
and exercises that apply concepts to everyday phenomena. However, these recommendations need to be 
further tested through research involving different schools, student characteristics, and a wider range of 
chemistry topics.  

Although this study shows promising results, it is limited to a single school and material on the 
fundamental chemical laws. Therefore, generalizations of the findings should be made with caution. 
Future research is recommended to involve broader contexts and evaluate the consistency of the module’s 
effectiveness across various chemistry topics and student characteristics. 

 

CONCLUSION 

This study has shown that the fundamental chemistry learning module using the GDL method is 
an effective way to improve chemical literacy skills among Phase E students compared with the school's 
learning resources. The experimental class had a higher N-Gain score (0.67) than the control class (0.42). 
However, it can be seen that both classes have moderate gains. 

From the results obtained from the ANCOVA test, there is a significant difference in the chemical 
literacy skills between the two groups when pre-test scores are taken into account ((F=35.340); 
(p<0.001)). The partial eta squared value of 0.339 demonstrates that there is a large effect size. Therefore, 
using learning modules based on the GDL method has a significant impact on students' chemical literacy 
skills regarding fundamental chemical laws. However, this study was conducted at a single school and 
examined only one area of chemistry. To determine whether this finding can be applied more broadly, 
further testing should be conducted across a variety of schools and topics. 
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