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Abstract 
This study aims to determine (1) the feasibility of a Project-Based Learning (PjBL) electronic module, (2) 

the implementation quality of learning using the module, and (3) the improvement of students’ scientific 

literacy in a public senior high school in Bandung Regency. The research employed a Research and 

Development (R&D) approach using the ADDIE model (Analysis, Design, Development, Implementation, 

and Evaluation). The population consisted of all Grade XI science students, with a sample of 34 participants. 

The instruments included expert validations (content, media, and practitioner), learning implementation 

observation sheets, and a scientific literacy test. Data analysis consisted of Aiken’s V, implementation 

analysis, N-gain calculation, and a paired sample t-test. The findings indicate that the developed electronic 

module is highly feasible, with an Aiken’s V index of 0.81. Learning implementation reached 84% for teacher 

activities and 86% for student activities, with an agreement coefficient of 0.79 (very good). The paired sample 

t-test yielded a significance value of 0.000 (p < 0.05), indicating a significant difference between pretest and 

posttest results. Students’ scientific literacy improved with an N-gain score of 0.66, categorized as moderately 

effective. Overall, the PjBL-based electronic module is effective and can serve as an innovative learning 

medium to enhance scientific literacy at the senior high school level. 
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INTRODUCTION 

Education in the twenty-first century emphasizes cognitive, social, emotional, and practical 

skills, including literacy, critical thinking, and scientific reasoning (Lubis et al., 2023). 

Scientific literacy, defined by OECD (2019) as the ability to apply knowledge, explain 

phenomena, and draw evidence-based conclusions, remains a global priority. Norris and 

Phillips (2003) further highlight its role in evaluating scientific issues in real-world contexts. 

Despite this importance, Indonesia’s scientific literacy is still low. PISA 2022 showed 

improvement compared to 2018, yet performance remains below the global average (Hasanah, 

2025), consistent with PISA 2018 data ranking Indonesia 74th of 80 countries (NCES, 2020). 

Contributing factors include teacher-centered approaches, limited innovative media, and 

insufficient contextual inquiry (Rusilowati et al., 2019). 

The Merdeka Curriculum seeks to address these challenges by promoting flexible, 

interdisciplinary learning and encouraging digital, experimental, and project-based activities 
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(Wahyudin et al., 2024; Putri et al., 2022; Muliaman et al., 2023). However, observations at a 

senior high school in Bandung Regency revealed passive student participation, reliance on 

lectures, and limited integration of PISA-aligned literacy. Diagnostic tests with 34 students on 

sound waves confirmed low performance across all indicators. Project-Based Learning (PjBL) 

offers a promising solution, supporting inquiry, collaboration, and problem-solving (Kamariah 

et al., 2023; Ridwan, 2024). When delivered digitally, e-modules provide interactive 

multimedia formats (Misdawati, 2023), and platforms like Padlet enhance engagement (Dewi 

et al., 2024). Sound waves, as abstract yet contextual phenomena, are sui Table for PjBL-based 

modules (Rahmawati et al., 2022). Previous studies (Rochmah, 2023; Mustika, 2022) revealed 

limitations in interactivity and inquiry, underscoring the need for accessible, engaging modules. 

This study develops a Padlet-based PjBL e-module on sound waves to examine its feasibility, 

classroom implementation, and effectiveness in improving students’ scientific literacy. 

METHODS 

This study employed a Research and Development (R&D) approach to produce and evaluate 

an electronic module based on Project-Based Learning (PjBL). The development process 

followed the ADDIE model, which consists of the stages Analysis, Design, Development, 

Implementation, and Evaluation. In the Analysis stage, problems related to scientific literacy 

and the limitations of existing learning resources were identified through interviews, curriculum 

review, and diagnostic testing. During the Design stage, learning objectives, the module 

structure, multimedia components, and project-based activities were planned to align with PjBL 

principles and the characteristics of the sound wave topic. The research procedures is presented 

in Figure 1. 

 

Figure 1. ADDIE Research Procedures 

In the Development stage, the electronic module was created by integrating textual 

explanations, visual representations, interactive elements, and project instructions. The draft 

module was then reviewed by experts in content, media, and educational practice to obtain 

suggestions for refinement. The Implementation stage involved classroom use of the revised 

module with Grade XI students, accompanied by observations and pretest–posttest 

administration. Finally, in the Evaluation stage, the module was assessed for its feasibility and 

effectiveness, and necessary revisions were made based on expert validation results, classroom 

observations, and student learning outcomes. 

The study collected both qualitative and quantitative data from primary and secondary 

sources. Qualitative data, obtained through expert reviews and observations, included 

comments, suggestions, and feedback from media experts, subject matter experts, and physics 

teachers regarding the feasibility and implementation of the PjBL-based electronic module. 

Quantitative data consisted of expert validation scores and students’ scientific literacy results 

derived from pretest and posttest assessments. Primary data were gathered directly through 

classroom observations, interviews with physics teachers and students, and administration of 
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scientific literacy tests to Grade XI science students. Secondary data were obtained from 

relevant literature, including articles, journals, and books related to electronic modules, project-

based learning, and sound wave instruction. 

Data for this study were collected through expert validation, classroom observation, and 

scientific literacy testing. The feasibility of the PjBL-based electronic module was assessed by 

a media expert, a content expert, and a physics teacher using structured validation 

questionnaires that evaluated content accuracy, presentation quality, language clarity, and 

media design. Their ratings, based on a five-point scale, were accompanied by comments and 

suggestions used to revise the module prior to implementation. 

The implementation of learning with the electronic module was examined through 

observations conducted across four instructional sessions, during which two observers recorded 

the extent to which PjBL activities were carried out. Improvement in students’ scientific literacy 

was measured using pretests and posttests consisting of twelve open-ended items aligned with 

PISA (2022) indicators of scientific literacy. All items were reviewed by experts to ensure 

validity, and the test results were used to determine students’ learning gains after the 

intervention. 

Data analysis was conducted to answer each research question and to determine the 

effectiveness of the developed PjBL-based electronic module. The feasibility of the module 

was assessed through expert validation data obtained from media experts, content experts, and 

a physics teacher. The experts’ ratings were analyzed using Aiken’s V to determine the content 

validity coefficient for each aspect of the module.  

V =
∑S

n(c-1)
 where S = r - l0 (1) 

(Aiken, 1985: 135) 

The interpretation of the content validity results of Aiken's V has been simplified by Koestoro 

& Basrowi (2006: 142) as in Table 1. 

Table 1. Aiken's V Formula Score Range Category 

Range Category 

0,8 – 1 Very High 

0,6 – 0,799 High 

0,4 – 0,599 Fair 

0,2 – 0,399 Low 

<0,2 Very Low 

 

This approach enabled the identification of items that adequately represented the constructs 

being measured, with validity values ranging from 0 to 1. The results of this analysis served as 

the basis for determining whether the module met the criteria for a feasible learning product. 

The implementation of learning using the electronic module was analyzed through 

observation data collected during four instructional meetings. Each observation sheet recorded 

whether planned activities were implemented, and the percentage of implementation was 

calculated for both teacher and student activities. Mean implementation scores across meetings 

were then compared with established interpretation criteria to determine the category of 

implementation quality. 
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NP = 
obtained score

overall score
×100% (2) 

The average percentage criteria for learning achievement are presented in Table 2. 

Table 2. Learning Implementation Criteria 

Learning implementation criteria Interpretation 

≤ 54% Very Poor 

55% - 59% Poor 

60% - 75% Fair  

76% - 85% Good  

86% - 100% Very Good 

(Sari, 2020: 222) 

Inter-rater agreement between the two observers was also examined using the Kappa coefficient 

to ensure consistency and reliability of the observational judgments. 

Sk = 
Po-Pe

1-Pe

 (3) 

(Nazaretsky et al., 2019: 130) 

Napitupulu (2015: 74) has simplified the Kappa agreement criteria referring to Fleis (1981) as 

in Table 3. 

 Table 3. Kappa Interpretation 

Criteria  Interpretation 

< 0,40 Poor 

0,40 – 0,60 Fair 

0,60 – 0,75 Good 

> 0,75 Very Good 

 

Students’ improvement in scientific literacy was examined through their performance on 

pretests and posttests, which consisted of open-ended items aligned with PISA scientific 

literacy indicators. Improvement scores were analyzed using normalized gain (N-Gain) to 

determine the magnitude of learning gains after the intervention. The classification of N-Gain 

values allowed the categorization of learning improvement into low, medium, or high. 

N-gain=
Spost - Spre

Smaks - Spre

 (4) 

The results of the N-gain values obtained are then interpreted as in Table 4. 

Table 4. N-gain Value Criteria 

Normalized Gain Value Interpretation 

𝑔 < 0,3 Low 

0,3 ≤ 𝑔 < 0,7 Medium 

𝑔 ≥ 0,7 High 

(Hake, 1998: 65) 

Prior to testing the effectiveness statistically, a normality test using the Shapiro–Wilk 

method was conducted to evaluate whether the data met parametric assumptions. Because the 

data were normally distributed, the paired sample t-test was employed to determine whether the 

difference between pretest and posttest scores was statistically significant. The significance 

level of 0.05 was used as the decision threshold for hypothesis testing. 
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The study was conducted at a public senior high school in Bandung Regency, Indonesia. 

The participants consisted of 34 Grade XI science students selected through purposive sampling 

based on the recommendation of the physics teacher and the suitability of the learning schedule. 

The research was carried out during the 2024/2025 academic year in a regular classroom setting. 

RESULT AND DISCUSSION 

Analyze 

The analysis stage revealed that the implementation of the Merdeka Curriculum in grade XI 

science classes requires students to apply sound wave concepts in everyday contexts. However, 

classroom observations showed that learning relied heavily on conventional printed modules, 

textbooks, and teacher-centered methods, which limited interactivity and resulted in passive 

student engagement. Interviews with teachers confirmed that scientific literacy had not been 

fully integrated into instruction, with low student motivation emerging as a persistent challenge. 

Students likewise reported limited exposure to scientific literacy and difficulties in 

understanding physics formulas, indicating a gap between curricular expectations and 

classroom practices. 

Diagnostic testing further highlighted this gap, with students achieving an average literacy 

score of only 29.6 across competencies of explaining phenomena, designing investigations, and 

interpreting data. These findings underscored the need for innovative learning strategies that 

could foster active participation and strengthen literacy skills. Considering the widespread 

availability of smartphones among students, the development of interactive, project-based 

electronic modules was identified as a promising solution to enhance engagement and improve 

scientific literacy in the study of sound waves. 

 

Figure 2. PjBL-Based Electronic Module Flowchart 
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Design 

At the design stage, the electronic module was structured through flowcharts and storyboards 

to ensure clarity and ease of use, with access provided via Padlet links on students’ 

smartphones. The module integrated project-based worksheets (LKPD) and observation sheets 

through Google Forms to monitor implementation. Validation instruments for media and 

content were prepared and reviewed by experts and teachers, while pretest and posttest tools 

were designed to measure cognitive learning outcomes, ensuring the module’s feasibility and 

pedagogical soundness. 

Development 

The development stage produced the electronic module based on Project-Based Learning 

(PjBL), designed using Canva and Padlet to integrate multimedia elements such as images, 

videos, and interactive worksheets. The module included key components such as cover, user 

guide, learning objectives, glossary, concept maps, and structured learning activities supported 

by student worksheets (LKPD) and evaluation tasks, all aligned with PjBL syntax to foster 

scientific literacy. The following shows some illustrations of the appearance of the electronic 

module that was developed. 

   
Cover User Guide Learning Objectives 

 

   
Glossary Concept Maps Reference 
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Learning Activity Design 

 

 
Display After Clicking 

 

 
LKPD Content Display 

Figure 3. PjBL-based Electronic Module 

Feasibility testing was conducted through expert validation. Media experts rated the 

module highly, with an average Aiken’s V score of 0.83, indicating strong quality in language, 

presentation, instructional effectiveness, and visual design, though some aspects such as 

consistency of language and visual coherence were moderate. The results can be seen in Table 

5. 
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Table 5. Media Expert Validation Results 

Aspect 
Score V-

Value 
Interpretation 

Media Expert 1 Media Expert 2 

Feasibility of language aspects 4,5 4,2 0,835 High 

Feasibility of presentation aspects 4,7 4,0 0,837 High 

Media Effects on Learning Strategies 4,6 4,0 0,828 High 

Feasibility of overall presentation 4,6 4,0 0,831 High 

Average 4,6 4,0 0,833 High 

 

Content experts provided a mean score of 0.79, confirming the accuracy, relevance, and 

pedagogical suitability of the material, while suggesting refinements in clarity, coherence, and 

contextual presentation. The results can be seen in Table 6. 

Table 6. Content Expert Validation Results 

Aspect 
Score 

V-Value Interpretation 
Content Expert 1 Content Expert 2 

Content suitability 4,3 4,2 0,800 High 

Presentation suitability 4,3 4,3 0,815 High 

Language suitability 

according to BSNP 
4,1 4,0 0,768 High 

Contextual assessment 4,0 4,0 0,750 High 

Average 4,2 4,1 0,783 High 

 

Based on this feedback, revisions were made to improve formatting, glossary arrangement, 

learning objectives, and group work instructions. Overall, the module was judged feasible and 

appropriate for classroom implementation, with minor adjustments enhancing its effectiveness. 

Implementation 

The implementation stage was conducted after the analysis, design, and development phases 

were completed, with the electronic module based on Project-Based Learning (PjBL) applied 

in four classroom sessions. The module was used in class XI-9 at SMAN 2 Majalaya with 34 

students between May 19 and May 28, 2025. Each session followed the PjBL syntax, beginning 

with start with the essential question, design a plan for the project, create a schedule, monitor 

the students and the progress of the project, assess the outcome, evaluate the experience. 

Table 7. Percentage of Learning Implementation During Four Meetings 

No Learning Stage 
Teacher 

Activities (%) 

Student 

Activities (%) 

Average per 

Stage (%) 
Interpretation 

1 Introduction 94 92 93 Very Good 

2 Start With the Essential 

Question 
100 100 100 Very Good 

3 Design a Plan for the 

Project 
100 100 100 Very Good 

4 Create a Schedule 100 100 100 Very Good 

5 Monitor the Students and 

the Progress of the 

Project 

100 85 92 Very Good 

6 Assess the Outcome 100 100 100 Very Good 

7 Evaluate the Experience 100 100 100 Very Good 

8 Closing 94 98 96 Very Good 

Average 98 97 98 Very Good 
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Observations and student worksheets (LKPD) were employed to evaluate the learning 

process. Based on Table 7, results consistently showed high levels of implementation, with 

teacher activities averaging above 90% and student participation ranging from “good” to “very 

good.” 

Agreement between observers, measured using Cohen’s Kappa, indicated strong reliability 

across all sessions. Overall, the implementation confirmed that the electronic PjBL module 

effectively fostered active participation, critical thinking, and scientific literacy, making it 

feasible for broader application in physics learning on sound waves. Refer to Table 8 for a 

detailed summary of interobserver agreement coefficient across four meetings. 

Table 8. Interobserver Agreement Coefficient Across Four Meetings 

Symmetric Measures 

 Value 

Asymptotic 

Standard Errora Approximate Tb 

Approximate 

Significance 

Measure of Agreement Kappa .795 .054 11.280 .000 

N of Valid Cases 200    

 

Based on Table 8, the calculation of the interobserver agreement coefficient using Cohen’s 

Kappa shows a value of 0.795, which indicates a significant agreement between the two 

observers regarding the observation results of learning implementation. Referring to Table 3, 

this value falls into the 'Very Good' category as it lies within the range >0.75. This category 

suggests that the differences in subjectivity between the observers are minimal, resulting in 

perceptions of the learning implementation that are generally uniform and consistent. 

Evaluation 

The evaluation stage assessed the effectiveness of the electronic module based on Project-Based 

Learning (PjBL) in improving students’ scientific literacy on the topic of sound waves. 

Table 9. N-gain Pretest and Posttest Results 

Nilai Rata-rata 
N-Gain Interpretasi 

Pretest Posttest 

32,11 74,75 0,63 Middle 

 

Pretest and posttest results from 34 students showed a significant increase, with average 

scores rising from 32.11 to 74.75 and an N-gain of 0.63, categorized as moderate. Individual 

analysis revealed that 62% of students achieved moderate improvement and 38% reached high 

improvement, while none remained in the low category, indicating that the module successfully 

minimized learning gaps (see Table 10). 

Table 10. N-gain Results for Each Category 

Category Total Persentage 

High 13 38% 

Middle 21 62% 

Low 0 0% 

 

Further analysis by literacy indicators demonstrated substantial progress. Based on Table 

11, explaining scientific phenomena reached a high category (N-gain = 0.80), while evaluating 

and designing scientific investigations (0.52) and interpreting data and evidence (0.57) were in 

the moderate category. 
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Table 11. N-Gain, Pretest and Posttest Results Based on Science Literacy Indicators 

No. Science Literacy Indicators 
Question 

Number 

Pretes

t 

Postte

st 

N-

gain 

Interpretatio

n 

1 Explaining phenomena scientifically 1,4,7,10 36,03 87,50 0,80 High 

2 
Valuating and designing scientific 

inquiry 
2,5,8,11 32,54 67,83 0,52 Middle 

3 
Scientifically interpreting data and 

evidence 
3,6,9,12 27,76 68,93 0,57 Middle 

Average 32,11 74,75 0,63 Middle 

 

Subtopic analysis also confirmed consistent improvement across the 'string' and 'organ 

pipe' materials, both yielding moderate gains with an average N-gain of 0.63. See Table 12. 

Table 12. N-Gain, Pretest and Posttest Results for Each Subtopic 

No Subtopic Question Number Pretest Posttest N-gain Interpretation 

1 String 1,3,6,7,10 35,29 80,88 0,69 Middle 

2 Organ Pipe 2,4,5,8,9,11,12 29,83 70,38 0,58 Middle 

Average 32,56 75,63 0,63 Middle 

 

Statistical testing using paired sample t-test validated these findings, showing a significant 

difference between pretest and posttest scores (t = 26.67, p < 0.001). These results confirm that 

the electronic PjBL module effectively enhanced students’ conceptual understanding, critical 

thinking, and overall scientific literacy, making it a feasible and impactful instructional 

innovation. 

Table 13. Hypothesis Test Results with Paired Sample T-test 

 

Paired Differences 

t df 

Sig. (2-

tailed) Mean 

Std. 

Deviation 

Std. Error 

Mean 

95% Confidence Interval 

of the Difference 

Lower Upper 

Pair 1 Posttest - 

Pretest 

42.76471 9.34866 1.60328 39.50280 46.02661 26.673 33 .000 

DISCUSSION 

Feasibility of the Project-Based Learning (PjBL) Electronic Module 

The development of the electronic module based on Project-Based Learning (PjBL) was aimed 

at improving students’ scientific literacy in the topic of sound waves. This research adopted the 

ADDIE model, consisting of five stages: Analysis, Design, Development, Implementation, and 

Evaluation. 

At the analysis stage, observations and interviews revealed that learning was dominated by 

conventional printed modules, teacher-centered methods, and limited use of technology. 

Students expressed the need for more modern, accessible, and engaging media, while diagnostic 

testing confirmed that their initial literacy level was low, averaging only 29.6%. These findings 

justified the development of an electronic module designed to provide interactive and 

contextual learning experiences. The results showed that the module could serve as an effective 

solution to improve students’ understanding of sound wave concepts and foster scientific 

thinking skills. This finding is consistent with Kamariah et al. (2023: 211–213), who reported 

that Project-Based Learning is effective in enhancing scientific literacy due to its alignment 

with learning demands. 
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During the design stage, the module was structured with components such as cover, 

glossary, concept maps, user guide, learning materials, student worksheets (LKPD), evaluation 

tasks, and references. The module was aligned with three indicators of scientific literacy 

according to PISA (2022), namely: explaining scientific phenomena, evaluating and designing 

scientific investigations, and interpreting data and scientific evidence. The platform chosen was 

Padlet, due to its interactive nature and accessibility, while Google Forms supported pretest, 

posttest, and worksheet completion. Julaidar et al. (2024: 99–100) emphasized that such 

structuring of electronic modules is essential to support project-based learning objectives. 

In the development stage, the module underwent validation by experts in media, content, 

and classroom practice. Media validation produced an Aiken’s V score of 0.83, categorized as 

high, indicating strong feasibility in language clarity, presentation, instructional effectiveness, 

and visual design. The language was considered clear and appropriate, capable of stimulating 

curiosity, and consistent throughout the module. Sitanggang et al. (2023: 1538) highlighted the 

importance of clear language in improving learning effectiveness. The presentation of content 

was systematic and coherent, supporting student engagement, although some aspects such as 

worksheet instructions and formatting required refinement. 

Material validation yielded an Aiken’s V score of 0.76, categorized as moderate but still 

feasible. The content was judged relevant and accurate, with strengths in its ability to stimulate 

curiosity and present updated material. The highest scores were obtained in indicators of 

material currency and encouragement of curiosity (V = 0.81). Experts suggested improvements 

in the coherence of conceptual flow, the inclusion of more contextual phenomena from 

everyday life, and refinement of summaries to strengthen comprehension. Trilling & Fadel 

(2009: 53) note that curiosity is a key characteristic in 21st-century learning, while Oksa & 

Soenarto (2020: 110) argue that modules with updated and engaging content can increase active 

involvement and deeper conceptual understanding. Sapata (2024: 21) also found that electronic 

modules developed with attention to content, language, and graphic design received highly 

positive responses, indicating strong potential to improve learning quality. 

Implementation of Learning Using the Electronic Module Based on PjBL  

The implementation of learning using the electronic module based on Project-Based Learning 

(PjBL) was carried out over four meetings with students of class XI-9 at SMAN 2 Majalaya. 

Pretest and posttest were administered to measure students’ scientific literacy before and after 

the intervention, while observations and student worksheets (LKPD) were analyzed to evaluate 

the quality of implementation. Overall, the results showed consistently high levels of 

implementation, with average teacher activity at 98% and student activity at 97%. These 

findings indicate that the module was successfully integrated into classroom practice and 

fostered active participation. The interactive and engaging nature of the media contributed 

significantly to students’ enthusiasm and comprehension, in line with Rikani et al. (2021: 7), 

who emphasized that attractive learning media can positively impact students’ understanding 

and improve the overall quality of learning. 

During the first meeting, students engaged with the concept of string instruments as sound 

sources. Observation results showed teacher activities at 100% and student activities at 97%, 

with Cohen’s kappa indicating very strong agreement among observers. LKPD analysis 

revealed that essential questions scored 65% (categorized as sufficient), project planning 78% 
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(good), and scheduling 94% (very good). The average score was 79%, categorized as good. 

These results highlight the importance of essential questions as the foundation of PjBL. Thomas 

(2000: 3) noted that essential questions are key triggers for inquiry, while Krajcik & Blumenfeld 

(2006: 323) emphasized that project planning fosters systematic thinking and collaboration. 

Prastika, M. D., et al. (2019: 192) also found that PjBL enhances students’ ability to plan and 

organize projects collaboratively. The strong performance in scheduling reflects students’ 

ability to manage time effectively, consistent with Moursund (1999: 46) and Saputra, M. I. 

(2024: 128), who highlighted the role of scheduling in teaching responsibility and discipline. 

In the second meeting, students completed their first project and presented their results. 

Teacher activities were rated at 100% and student activities at 98%, with Cohen’s kappa again 

showing strong agreement. However, LKPD scores were lower, with project completion under 

teacher facilitation at 68% (sufficient), reporting and presentation at 62% (sufficient), and 

evaluation at 68% (sufficient), yielding an average of 66%. These results suggest that students 

required more guidance in communication and reflection. Bell (2010: 40) identified facilitation 

balance as a challenge in PjBL, while Krajcik & Blumenfeld (2006: 328) stressed the 

importance of presentation and publication in developing scientific communication skills. Im, 

R., et al. (2025: 2487) similarly found that students need repeated practice to improve reporting 

and presentation abilities. Thomas (2000: 8) and Prastika, M. D., et al. (2019: 192) emphasized 

that evaluation stages are critical for reflection and improvement. 

The third meeting focused on organ pipes as sound sources. Teacher activities were rated 

at 92% and student activities at 96%, with Cohen’s kappa at 0.878, categorized as very strong 

agreement. LKPD scores improved significantly, with essential questions at 97%, project 

planning at 88%, and scheduling at 87%, yielding an average of 90% (very good). This 

improvement reflects students’ growing familiarity with PjBL syntax. Rizkasari, E., et al. 

(2022: 14515) noted that project-based learning is cumulative, with skills improving through 

repeated practice. Prapsetyo, A. M. D. L., et al. (2025: 1) confirmed that frequent project 

involvement sharpens critical thinking, collaboration, and problem-solving skills. However, 

scheduling showed slight decline due to time constraints, consistent with Thomas (2000: 33–

34), who highlighted time management as a common challenge in PjBL. 

In the fourth meeting, students completed their second project using organ pipes. Teacher 

activities were rated at 97% and student activities at 94%, with Cohen’s kappa at 0.790, again 

showing strong agreement. LKPD scores were high, with project completion at 88% (very 

good), reporting and presentation at 85% (good), and evaluation at 100% (very good), yielding 

an average of 91% (very good). These results demonstrate that students became more adept at 

collaboration, communication, and reflection. Swastika, A. I., & Utami, I. (2025: 71) explained 

this improvement through Vygotsky’s scaffolding concept, where initial teacher guidance 

enables students to gradually work more independently. Prastika, M. D., et al. (2019: 192) also 

found that gradual application of PjBL enhances consistency and learning outcomes. 

Overall, the implementation of the electronic module based on PjBL was highly successful, 

with strong teacher facilitation and active student participation across all meetings. The highest 

implementation scores were achieved in project planning and scheduling, both at 100%, 

reflecting systematic preparation and effective guidance. Thomas (2000: 5) emphasized that 

thorough planning is a hallmark of PjBL, while Menrisal, M., et al. (2019: 8) found that 

electronic modules help students understand project steps more efficiently. Presentation and 
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evaluation stages also achieved excellent results, confirming the importance of communication 

and reflection in PjBL. Krajcik & Blumenfeld (2006: 328), Im, R., et al. (2025: 2487), and 

Thomas (2000: 8) all highlighted these stages as essential for scientific literacy development. 

The overall findings are consistent with Bell (2010: 43), Mutia et al. (2025: 42), and 

Hidayatullah et al. (2025: 28), who reported that PjBL increases motivation, responsibility, and 

participation, while strengthening teacher activity and student engagement. 

Improvement of Students’ Scientific Literacy 

The evaluation of students’ scientific literacy was conducted through pretest and posttest 

assessments on sound waves, designed around three indicators: explaining phenomena 

scientifically, evaluating and designing scientific investigations, and interpreting data and 

evidence. Teachers clarified each item to ensure comprehension (Setiani et al., 2022: 2295). 

The average N-gain was 0.66, categorized as moderate, confirming the effectiveness of the 

electronic PjBL module. This finding is consistent with Saprudin et al. (2021: 38–39), who 

reported that electronic modules in physics education can significantly enhance literacy skills 

and foster independent learning. Similarly, Muzijah et al. (2020: 96) emphasized that electronic 

physics modules are practical to implement and have strong potential to develop students’ 

literacy skills. 

Individual analysis showed that all students experienced improvement, with none in the 

low category. Of the 34 students, 62% achieved moderate gains and 38% reached high gains. 

The strongest improvement was in explaining phenomena (N-gain = 0.80, high), consistent with 

Ihsan & Jannah (2021: 197), while evaluating and designing investigations (0.52) and 

interpreting data (0.57) were moderate, reflecting challenges noted by Juliani et al. (2017: 1). 

Subtopic analysis revealed moderate gains in strings (0.69) and organ pipes (0.58), with the 

latter lower due to weaker contextual links, as emphasized by Andini et al. (2022: 74). These 

findings highlight the importance of contextual approaches, consistent with Kamariah et al. 

(2023: 213), who confirmed that project-based learning enhances literacy and creativity. 

To validate these improvements statistically, hypothesis testing was conducted. Normality 

testing using Shapiro–Wilk confirmed that both pretest (p = 0.240) and posttest (p = 0.554) data 

were normally distributed, meeting the assumptions for parametric analysis (Shapiro & Wilk, 

1965: 591). With this prerequisite satisfied, a paired sample t-test was applied, yielding a highly 

significant difference between pretest and posttest scores (t = 26.673, p < 0.05). Rahmani, D. 

A., et al. (2025: 570) emphasized that paired sample t-tests are valid and appropriate when data 

are normally distributed, as they clearly capture differences between conditions measured at 

different times. 

The results confirm that the electronic PjBL module significantly improved students’ 

scientific literacy. Savitri et al. (2024: 142) found that interactive media such as Padlet play an 

important role in enhancing literacy by facilitating access and encouraging active engagement. 

This aligns with the present findings, where the t-value of 26.673 far exceeded the critical t- 

Table value of 2.035, demonstrating substantial improvement. Azhari (2024: 47) similarly 

reported that interactive and engaging technology-based learning media enhance literacy and 

cognitive skills. 
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CONCLUSION 

This study at SMAN 2 Majalaya focused on developing a Padlet-based electronic module 

adopting Project-Based Learning (PjBL) to enhance students’ scientific literacy in sound 

waves. The module was systematically designed, validated, and implemented through the 

ADDIE model. Validation results showed high feasibility (Aiken’s V = 0.81), confirming the 

module’s validity and suitability as an alternative learning medium. Classroom implementation 

demonstrated strong effectiveness, with teacher activities averaging 84% and student activities 

86%, both in the “very good” category. Scientific literacy improved significantly, as indicated 

by an average N-gain of 0.63 (moderate) and hypothesis testing results (t = 26.673, p < 0.05), 

which confirmed a meaningful difference between pretest and posttest scores. 

Based on these findings, further development of PjBL-based electronic modules should 

enrich project activities with more contextual and everyday relevance. Schools are encouraged 

to provide technical training for teachers in using design platforms such as Canva and Padlet to 

create interactive media, including features like experimental videos, automated quizzes, and 

discussion forums. Regular reflection and evaluation are recommended, particularly in the 

“Essential Question” and “Evaluation” stages, as they strongly influence learning outcomes. 

Peer mentoring can also support students facing difficulties and foster collaboration. Finally, 

since the lowest N-gain was found in evaluating and designing scientific investigations, 

strengthening this skill through systematic inquiry tasks, mini-research projects, and guided 

experiments is essential to cultivate critical and independent scientific thinking. 

REFERENCES 

Aiken, L. R. (1985). Three coefficients for analyzing the reliability and validity of ratings, educational 

and psychological measurument. Educational and Psychological Measurement, 45(1), 131–142. 

https://doi.org/10.1177/0013164485451012 

Andini, Y. F., Fitri, R., & Rahmi, Y. L. (2022). Pengembangan modul pembelajaran berbasis etnosains 

pada mata pelajaran biologi untuk meningkatkan kemampuan literasi sains peserta didik: literatur 

review. Spizaetus: Jurnal Biologi dan Pendidikan Biologi, 3(3), 72–79. 

https://doi.org/10.55241/spibio.v3i3.70 

Asmara, D. N., Nurlaila, N., & Efendi, R. (2023). Implementasi media pembelajaran dadu kata 

bergambar terhadap kemampuan membaca permulaan pada pembelajaran bahasa indonesia. 

Innovative: Journal of Social Science Research, 4(3), 4172–4182. https://orcid.org/0000-0001-

7859-242X 

Azhari, N. P. (2024). penerapan media pembelajaran IPA interaktif dalam meningkatkan literasi sains 

siswa di sekolah dasar. Journal of Research Applications in Community Service, 3(3), 47–52. 

Bell, S. (2010). Project-based learning for the 21st century: Skills for the future. The Clearing House, 

83(2), 39–43. https://doi.org/10.1080/00098650903505415 

Dewi, F. F., Utomo, A. P. Y., Widyawati, T. K., Rohman, D., Pramono, D., Kesuma, R. G., & Yunanda, 

N. S. (2024). Padlet sebagai media pembelajaran teks kritik sastra dan esai di SMAN 9 Semarang. 

Harmoni Pendidikan: Jurnal Ilmu Pendidikan, 1(4), 46–58. 

Dwi Kumala Sari, E., & Mahmudi, I. 2024. Analisis pemodelan rasch pada assesmen pendidikan 

(Analisis dengan menggunakan aplikasi winstep) (1st ed.). Jakarta: PT Pena Persada Kerta Utama. 

Hake, R. R. (1998). Interactive-engagement versus traditional methods: A six-thousand-student survey 

of mechanics test data for introductory physics courses. American Journal of Physics, 66(1), 64–

74. https://doi.org/10.1119/1.18809 

https://doi.org/10.17509/wapfi.111.590
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
https://doi.org/10.1080/00098650903505415


Wahana Pendidikan Fisika, 11 (1), 2026 - Page 93 
Faturahman, Adam Malik, Muhammad Minan Chusni 

https://doi.org/10.17509/wapfi.111.590    This is an open access article under the CC–BY-SA license  

Hasanah, A. R. (2025). Pengembangan modul elektronik berbasis Heyzine Flipbook untuk 

meningkatkan literasi sains peserta didik pada materi gelombang bunyi. Universitas Islam Negeri 

Sunan Gunung Djati Bandung. 

Hidayatullah, A. M. S., Masnur, M., & Jabri, U. (2025). Pengaruh model pembelajaran project based 

learning terhadap kemampuan berpikir kritis siswa pada pembelajaran IPA di UPT SDN 8 

Pinrang. Jurnal Pelita: Jurnal Pembelajaran IPA Terpadu, 5(1), 21–30. 

https://doi.org/10.54065/pelita.5.1.2025.588 

Ihsan, M. S., & Jannah, S. W. (2021). Analisis kemampuan literasi sains peserta didik dalam 

pembelajaran kimia menggunakan multimedia interaktif berbasis blended learning. Matematika, 

dan Sains, 6(1), 197–206 

Im, R., Alting, R., Adam, A., Sebe, K. M., & Humah, D. (2025). Bimbingan intensif bagi siswa mts 

dalam persiapan lomba myres: meningkatkan kemampuan riset dan presentasi ilmiah. Martabe: 

Jurnal Pengabdian Kepada Masyarakat, 8(6), 2479-2488. 

http://dx.doi.org/10.31604/jpm.v8i6.2479-2488 

Julaidar, J., Marsithah, I., & Jannah, M. (2024). Pengembangan e-modul projek penguatan profil pelajar 

pancasila (P5) berbasis kearifan lokal pada fase e. Jurnal Penelitian, Pendidikan dan Pengajaran: 

JPPP, 2(5), 95–117. 

Juliani, R., Utari, S., & Saepuzaman, D. (2017). Rekonstruksi rancangan rencana pelaksanaan 

pembelajaran (RPP) melalui analisis kesulitan literasi sains peserta didik sekolah menengah 

pertama pada topik listrik dinamis. Jurnal Penelitian Pendidikan Matematika Dan Sains, 1(1). 1-

9. https://doi.org/10.26740/jppms.v1n1.p%25p 

Kamariah, Muhlis, & Ramdani, A. (2023). Pengaruh penggunaan model pembelajaran project based 

learning (PjBL) terhadap literasi sains peserta didik. Journal of Classroom Action Research, 5(1), 

209. https://doi.org/10.29303/jcar.v5i1.2925 

Koestoro, B., & Basrowi. (2006). Strategi Penelitian Sosial dan Pendidikan. Surabaya: Yayasan 

Kampusina. 

Krajcik, J. S., & Blumenfeld, P. C. (2006). Project-Based Learning. In R. K. Sawyer (Ed.), The 

Cambridge Handbook of the Learning Sciences (pp. 317–334). Cambridge University Press. 

Lubis, M. U et al. (2023). Pengembangan kurikulum merdeka sebagai upaya peningkatan keterampilan 

abad 21 dalam pendidikan. ANTHOR: Education and Learning Journal, 2(5), 691-695. 

Menrisal, M., Yunus, Y., & Rahmadini, N. S. (2019). Perancangan dan pembuatan modul pembelajaran 

elektronik berbasis project based learning mata pelajaran simulasi digital SMKN 8 Padang. Jurnal 

Koulutus, 2(1), 1-16. https://ejournal.kahuripan.ac.id/index.php/koulutus/article/view/196 

Misdawati. (2023). Pengembangan modul digital berbasis game based learning di kelas IV MI Datok 

Sulaiman Bagian Putra Palopo. Institut Agama Islam Negeri Palopo. 

Moursund, D. (1999). Project-Based Learning Using Information Technology. Eugene: International 

Society for Technology in Education. 

Muliaman, A., Sakdiah, H., & Ginting, F. W. (2023). Analisis employability skill dan literasi sains siswa 

melalui authentic self-assessment pada kurikulum merdeka di SMA Aceh Utara. JPF (Jurnal 

Pendidikan Fisika) Universitas Islam Negeri Alauddin Makassar, 11(1), 24–32. 

https://doi.org/10.24252/jpf.v11i1.34010 

Mustika, J. (2022). Pengembangan e-modul matematika berbasis project based learning (PjBL) ditinjau 

dari kemampuan berpikir kreatif. AKSIOMA: Jurnal Program Studi Pendidikan Matematika, 

11(4), 3573-3585. https://doi.org/10.24127/AJPM.V11I4.5929 

Mutia, T., Suharto, Y., Sahrina, A., Wahyudi, A., Abymanyu Ragil Atmaja Ragil, M., & Aprilia, R. 

(2025). Efektivitas e-modul interaktif berbasis project based learning terhadap kemampuan 

berfikir kreatif siswa. Geodika: Jurnal Kajian Ilmu Dan Pendidikan Geografi, 9(1), 42–51. 

Muzijah, R., Wati, M., & Mahtari, S. (2020). Pengembangan e-modul menggunakan aplikasi exe-

learning untuk melatih literasi sains. Jurnal Ilmiah Pendidikan Fisika, 4(2), 89-98. 

https://doi.org/10.20527/jipf.v4i2.2056 

https://doi.org/10.17509/wapfi.111.590
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/


Wahana Pendidikan Fisika, 11 (1), 2026 - Page 94 
Faturahman, Adam Malik, Muhammad Minan Chusni 

https://doi.org/10.17509/wapfi.111.590    This is an open access article under the CC–BY-SA license  

Napitupulu, D. B. (2015). Studi validitas dan realibilitas faktor sukses implementasi e-government 

berdasarkan pendekatan kappa. Jurnal Sistem Informasi, 10(2), 71. 

https://doi.org/10.21609/jsi.v10i2.388 

Nazaretsky, T., Hershkovitz, S., & Alexandron, G. (2019). Kappa learning: a new item-similarity 

method for clustering educational items from response data. Proceedings of The 12th 

International Conference on Educational Data Mining (EDM 2019), 129–138. 

NCES. (2020). Highlights of U.S. PISA 2018 Results Web Report (NCES 2020-166 and 2020-072). U.S. 

Department of Education. Institute of Education Sciences, National Center for Education 

Statistics. https://nces.ed.gov/surveys/pisa/pisa2018/index.asp 

Norris, S. P., & Phillips, L. M. (2003). How literacy in its fundamental sense is central to scientific 

literacy. Science Education, 87(2), 224–240. https://doi.org/10.1002/sce.10066 

OECD. (2023). PISA 2022 Results (Volume I). The State of Learning and Equity in Education, PISA, 

OECD Publishing. https://doi.org/10.1787/53f23881-en. 

OECD, P. (2019). PISA 2018 Results (Volume I): What students know and can do. Organization for 

Economic Cooperation and Development (OECD): Paris, France. 

https://doi.org/10.1787/19963777 

Oksa, S., & Soenarto, S. (2020). Pengembangan e-modul berbasis proyek untuk memotivasi belajar 

siswa sekolah kejuruan. Jurnal Kependidikan: Penelitian Inovasi Pembelajaran, 4(1), 99–111. 

Prapsetyo, A. M. D. L et al (2025). Efektivitas model project based learning untuk meningkatkan 

keterampilan berpikir kritis peserta didik. JURNAL DWIJA KUSUMA, 13(1), 1-10. 

https://doi.org/10.63824/jdk.v13i1.268 

Prastika, M. D., Wati, M., & Suyidno, S. (2019). The effectiveness of problem-based learning in 

improving students scientific literacy skills and scientific attitudes. Berkala Ilmiah Pendidikan 

Fisika, 7(3), 194-204. http://dx.doi.org/10.20527/bipf.v7i3.7027 

Rahmani, D. A., Risnawati, R., & Hamdani, M. F. (2025). Uji T-Student Dua Sampel Saling 

Berpasangan/Dependend (Paired Sample t–Test). Jurnal Penelitian Ilmu Pendidikan Indonesia, 

4(2), 568-576. https://doi.org/10.31004/jpion.v4i2.420 

Ridwan, A. (2024). Analisis kemampuan penalaran ilmiah siswa dalam pembelajaran berbasis proyek 

mata pelajaran IPA di SMPN 2 sarolangun. EDU RESEARCH, 5(2), 85–95. 

https://doi.org/10.47827/jer.v5i2.175 

Rikani, R., Istiqomah, I., & Taufiq, I. (2021). Pengembangan media pembelajaran matematika berbasis 

google sites pada materi sistem persamaan lnier tiga variabel (SPLTV). Prosiding Seminar 

Nasional Matematika Dan Pendidikan Matematika, 54–61. 

Rizkasari, E., Rahman, I. H., Aji, P. T., Slamet, U., Surakarta, R., & Purwokerto, U. M. (2022). 

Penerapan Model Pembelajaran Project Based Learning untuk Meningkatkan Hasil Belajar dan 

Kreativitas Peserta Didik. Jurnal Pendidikan Tambusai, 6(2), 14514-14520. 

Rochmah, A. N. (2023). Pengembangan modul elektronik berbasis pjbl berbantuan augmented reality 

untuk meningkatkan keterampilan kolaborasi dan literasi sains pada materi angiospermae. 

Universitas Negeri Malang. 

Rusilowati, A., Astuti, B., & Rahman, N. A. (2019). How to improve student’s scientific literacy. 

Journal of Physics: Conference Series, 1170(1), 1–6. https://doi.org/10.1088/1742-

6596/1170/1/012028 

Sapata, T. (2024). Pengembangan modul elektronik berbasis Adobe Illustrator menggunakan model 

problem based learning untuk meningkatkan keterampilan berpikir kritis peserta didik pada 

materi suhu dan kalor. Universitas Islam Negeri Sunan Gunung Djati Bandung. 

Saprudin, Haerullah, A. H., & Hamid, F. (2021). Analisis penggunaan e-modul dalam pembelajaran 

fisika: studi literatur. Jurnal Luminous: Riset Ilmiah Pendidikan Fisika, 2(2), 38-42. 

https://doi.org/10.31851/luminous.v2i2.6373 

Saputra, M. I. (2024). Implementasi Model Pembelajaran Berbasis Proyek Dalam Meningkatkan 

Kemandirian Belajar Siswa. At-Ta'dib: Jurnal Ilmiah Prodi Pendidikan Agama Islam, 118-130. 

https://doi.org/10.47498/tadib.v16i1.2941 

https://doi.org/10.17509/wapfi.111.590
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
https://doi.org/10.1787/19963777
https://doi.org/10.31851/luminous.v2i2.6373


Wahana Pendidikan Fisika, 11 (1), 2026 - Page 95 
Faturahman, Adam Malik, Muhammad Minan Chusni 

https://doi.org/10.17509/wapfi.111.590    This is an open access article under the CC–BY-SA license  

Sari, S. M. (2020). Pengembangan perangkat pembelajaran problem based learning (PBL) dalam 

pembelajaran matematika di SMA. Jurnal Serambi Ilmu, 21(2), 211–228. 

https://doi.org/10.32672/si.v21i2.2235 

Savitri, S. A., Alfi, C., & Fatih, M. (2024). Pengembangan model PjBL berbantuan media digital padlet 

untuk meningkatkan literasi sains kelas IV SDN Satriyan 03. Jurnal CERDAS Proklamator, 

12(2), 142–154. 

Setiani, N., Roza, Y., & Maimunah, M. (2022). Analisis kemampuan siswa dalam pemahaman konsep 

matematis materi peluang pada siswa SMP. Jurnal Cendekia: Jurnal Pendidikan Matematika, 

6(2), 2286–2297. https://doi.org/10.31004/cendekia.v6i2.1476 

Shapiro, S. S., & Wilk, M. B. (65 C.E.). An analysis of variance test for normality (complete samples). 

Biometrika, 52(3/4), 591–611. https://doi.org/10.1093/biomet/52.3-4.591 

Siburian, V. F., Hanisa Putri, D., Medriati, R., Kandang, J. W. S., & Bengkulu, L. (2022). 

Pengembangan e-modul materi fluida dinamis berbantuan flip pdf professional untuk melatihkan 

kemampuan berpikir kritis siswa SMA. Amplitudo : Jurnal Ilmu Dan Pembelajaran Fisika, 1(2), 

192–201. https://doi.org/https://doi.org/10.33369/ajipf.1.2.192-201 

Sitanggang, E. H., Hasratuddin, H., & Juhana, J. (2023). Pengembangan bahan ajar berbasis model 

pembelajaran project based learning untuk meningkatkan keterampilan menulis teks prosedur. 

Jurnal Ilmiah Profesi Pendidikan, 8(3), 1534-1539. https://doi.org/10.29303/jipp.v8i3.1546 

Suciani, T., Lasmanawati, E., & Rahmawati, Y. (2018). Pemahaman model pembelajaran sebagai 

kesiapan praktik pengalaman lapangan (PPL) mahasiswa program studi pendidikan tata boga. 

Media Pendidikan, Gizi, Dan Kuliner, 7(1), 76-81. https://doi.org/10.17509/boga.v7i1.11599 

Swastika, A. I., & Utami, I. W. P. (2025). Penerapan scaffolding pada zone of proximal development 

(ZPD) kelas X DKV-2 di SMK terhadap mata pelajaran sejarah. Journal of Innovation and 

Teacher Professionalism, 3(1), 68-76. https://doi.org/10.17977/um084v3i12025p68-76 

Thomas, J. W. (2000). A review of research on project-based learning. 

https://tecfa.unige.ch/proj/eteach-net/Thomas_researchreview_PBL.pdf 

Trilling, B., & Fadel, C. (2009). 21st century skills: Learning for life in our times. California: Jossey-

Bass. 

Wahyudin, Dinn et al. (2024). Kajian Akademik kurikulum Merdeka. Jakarta: Pusat Kurikulum dan 

Pembelajaran. Kementerian Pendidikan, Kebudayaan, Riset, dan Teknologi. 

 

 

https://doi.org/10.17509/wapfi.111.590
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
https://doi.org/10.32672/si.v21i2.2235
https://tecfa.unige.ch/proj/eteach-net/Thomas_researchreview_PBL.pdf

