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Abstract – Physics learning in high schools often faces challenges due to students' low conceptual 

understanding of abstract topics like sound waves. To address this challenge, this study investigates the 

effectiveness of Web-based Inquiry Physics Problems (WIPPer), an innovative learning platform that 

incorporates a problem-based learning approach within a blended learning framework. Using a pre-

experimental one-group pretest-posttest design, the research was conducted on 20 eleventh-grade students 

at State Senior High School 2 Kuta Baro. Data were collected through a learning outcome test comprising 

10 multiple-choice items (cognitive levels C1–C4), teacher and student response questionnaires, and 

observation sheets to monitor engagement throughout the WIPPer implementation. The results showed a 

medium average N-gain of 0.5116, with 70% of students achieving medium to high improvement categories. 

Observational analysis demonstrated 89% effectiveness across all learning phases. Teacher responses 

rated WIPPer as excellent (media: 93.33%, material and evaluation: 100%), while student responses were 

also highly favorable (media: 86.16%, material: 93.4%, evaluation: 90%). Cross-tabulation analysis 

revealed a strong correlation between student engagement and achievement, particularly in analytical 

activities. Students with high engagement demonstrated better ability in answering complex concept 

application questions (75.76%) compared to students with low engagement (16.67%). The novelty of this 

research lies in the integration of gradual assessment, virtual laboratory simulations, and adaptive 

feedback within a problem-oriented digital platform. This research concludes that WIPPer is a feasible and 

effective tool that enhances learning outcomes by fostering engagement and supporting independent 

learning. This research contributes to physics education by presenting WIPPer as a feasible and effective 

model that aligns with digital learning trends and supports the development of adaptive, student-centered 

instructional approaches. 
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I. INTRODUCTION 

Physics is an essential subject in secondary education aimed at developing students' 

analytical and problem-solving abilities, which are highly needed in the digital era to understand 

complex information, adapt to technology, and face challenges creatively. Based on Regulation 

No. 207/P/2022, high school physics education emphasizes developing the Pancasila student 

profile through conceptual understanding, scientific skills, and real-life application. This is 

reinforced by the Minister of Education, Culture, Research, and Technology Decree Number 

56/M/PK/2022, which highlights the importance of learning recovery using adaptive and 

innovative approaches.  

Despite clear regulations concerning physics competency standards, actual student learning 

outcomes remain suboptimal. Previous research revealed that only a small percentage of students 

truly understand wave concepts: 13% for rope waves, 14% for spring movements, 9% for water 

waves, and only 6% for wave properties (Devy et al., 2022). Similar findings emerged from a 

preliminary study at State Senior High School 2 Kuta Baro in March 2024, where students' 

average pretest score on wave material was merely 22.5 out of 100. Atlabachew & Kriek (2024) 

identified that students struggle with focusing attention and applying physics formulas in 

problem-solving. Observations of student engagement such as question-asking, participation in 

discussions, and task completion also indicated low active involvement, resulting in superficial 

conceptual understanding. 

This gap between expectations and reality is attributed to several factors: limited conceptual 

understanding due to insufficient engagement, the predominance of conventional teaching 

methods that fail to visualize abstract concepts, and the underutilization of web-based learning 

media. Limited engagement and the need for interactive learning activities contribute to low 

conceptual mastery (Apsari et al., 2023; Kamaruddin et al., 2024). Conventional methods 

inadequately facilitate meaningful learning experiences. Research in Indonesian high schools 

shows that web-based learning media can increase student engagement by up to 78% and 

conceptual understanding by up to 82% (Mardianti et al., 2023). Failure to address these issues 

risks graduates lacking the competence to face digital-era challenges. 

Web-based Inquiry Physics Problems (WIPPer) offers an innovative solution integrating 

constructivist theory and Problem-Based Learning (PBL). Unlike linear conventional web-based 

media, WIPPer promotes knowledge construction through authentic problem-solving with step-

by-step evaluations and virtual experiment guides. The PBL model in WIPPer includes five 

stages: problem orientation, learning organization, investigation guidance, results presentation, 

and problem-solving evaluation (Herliana et al., 2024). 
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WIPPer is implemented in a blended learning environment that integrates face-to-face and 

online learning. Blended learning comprises three complementary components: synchronous 

face-to-face, synchronous online, and asynchronous online learning (Graham, 2018). This 

approach facilitates classroom experiments and discussions while enabling independent concept 

exploration and evaluation online. Research indicates that well-designed blended learning 

enhances flexibility, independence, and personalized learning (Spatioti et al., 2022). 

WIPPer's gradual evaluation features address students' difficulties incrementally, while 

virtual experiment guides aid the visualization of abstract concepts and boost active engagement. 

This approach has proven effective in improving metacognition and problem-solving skills 

(Izzati, 2021). Validation showed WIPPer's high feasibility with Aiken V scores of 0.867 for 

materials and learning design and 0.805 for media (Herliana et al., 2024). Other studies confirm 

that web-based media aligned with PBL principles enhances physics learning effectiveness 

(Chimmalgi et al., 2022; Pratami et al., 2023). 

Given WIPPer's potential and the urgency to improve physics learning quality, this study 

aims to analyze its influence on high school students' physics learning outcomes. The goal is to 

increase student achievement to meet at least the minimum completeness criteria of 75, with 80% 

of students expected to reach or exceed this benchmark. Unlike previous media development 

research, this study evaluates WIPPer's effectiveness in real learning contexts. Najib et al. (2022) 

found that blended learning improves efficiency and understanding. The results are expected to 

provide empirical evidence supporting web-based, problem-based blended learning and 

contribute to developing adaptive physics learning strategies aligned with technological 

advancements. Successful WIPPer implementation at State Senior High School 2 Kuta Baro can 

serve as a model for technology-based physics education across other schools in Aceh and aid 

provincial efforts to enhance physics learning quality. 

 

II. METHODS 

This study employed a pre-experimental design using a one-group pretest-posttest approach. 

In this design, initial measurements (pretest) were conducted on the research subjects, followed 

by an intervention involving learning through WIPPer, and concluded with final measurements 

(posttest). The design's limitation is the absence of a control group; however, it was chosen 

because it aligns with the research objective of measuring the extent of learning improvement 

after WIPPer implementation, analyzed using normalized gain (N-gain). The study was conducted 

at  State  Senior  High  School  2  Kuta  Baro,  involving  20  eleventh-grade students selected by 
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purposive sampling based on device accessibility and prior experience with web-based physics 

learning. 

Data collection involved three primary instruments. First, a learning outcome test consisting 

of 10 multiple-choice questions with cognitive levels C1–C4 on sound wave material was 

administered before (pretest) and after (posttest) the implementation of WIPPer. Second, response 

questionnaires measuring the practicality of media were given to 2 physics teachers and 20 

students, covering aspects of media, materials, and evaluation. Third, observation sheets were 

used to assess the implementation process of WIPPer during learning. All instruments were 

validated by three experts prior to use. 

The research procedure was divided into three stages. The first stage involved administering 

the pretest to measure initial student abilities. The second stage implemented WIPPer within a 

blended learning approach incorporating the PBL model. Implementation followed five PBL 

stages: problem orientation, learning organization, investigation guidance, development of work 

results, and problem-solving evaluation (Ali et al., 2023; Septiana et al., 2023). The third stage 

was administering the posttest to measure learning outcomes after WIPPer implementation. The 

research flow is illustrated in Figure 1. 
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Figure 1. Flowchart of pre-experimental research procedure in this study 

Data were analyzed using descriptive statistics. The effectiveness was measured by 

calculating normalized gain (N-gain) using the formula: 

N − gain =  
(Spost − Spre)

(Smax − Spre)
               1) 

Where S-post is the posttest score, S-pre is the pretest score, and S-max is the maximum 

score. N-gain results were categorized into three levels as shown in Table 1. 

Table 1. Interpretation categories for N-gain scores 

No Score Category 

1 (g > 0.7) High 

2 (0.3 ≤ g ≤ 0.7) Medium 

3 (g < 0.3) Low 
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Teacher and student responses, as well as learning implementation data, were analyzed 

descriptively using percentage formulas: 

P =  (
Σx

Σxi
)  ×  100%               2) 

Where P is the response percentage, Σx is the total score obtained, and Σxi is the maximum 

total score. The results of the response questionnaire percentages were categorized using the 

criteria as shown in Table 2. 

Table 2. Criteria for interpreting response questionnaire scores 

No Score Category 

1 (81-100%) Very good 

2 (61-80%) Good 

3 (41-60%) Adequate 

4 (21-40%) Poor 

5 (0-20%) Very poor 

 

Meanwhile, the percentage results of the observation sheets to measure student engagement 

were categorized using the criteria as shown in Table 3. 

Table 3. Categories of student engagement levels based on observation scores 

No Score Category 

1 (80-100%) High 

2 (60-79%) Medium 

3 (<60%) Low 

 

Finally, cross-tabulation analysis was employed to explore relationships between learning 

outcomes and aspects of WIPPer implementation. This included cross-analysis between N-gain 

scores and student engagement levels, as well as between learning indicators and participant 

responses. This method allowed for the identification of trends and correlations that inform both 

the evaluation and future refinement of WIPPer as a web-based instructional tool (Greenacre, 

2015). 

 

III. RESULTS AND DISCUSSION  

The impact of WIPPer on student learning outcomes was analyzed through two main aspects: 

the improvement in learning outcomes and the implementation of WIPPer-based learning. The 

N-gain analysis showed an average of 0.5116, classified as medium. The distribution of student 

N-gain scores revealed varied patterns: 4 students achieved the high category (N-gain > 0.7), 10 

students were in the medium category (N-gain between 0.3 and 0.7), and 6 students fell into the 

low category (N-gain < 0.3). Figure 2 shows the distribution of N-gain scores, illustrating the 

variability in student learning improvements after using WIPPer. 
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Figure 2. Distribution of n-gain scores for students' physics learning outcomes 

 

The data in Figure 2 confirms that while WIPPer positively influences learning outcomes, 

its impact varies based on student engagement. These findings support Hrytsenko et al. (2024), 

who reported that integrating web-based learning media with blended learning can enhance 

students' understanding of physics concepts, with an average N-gain of 0.54. A detailed analysis 

showed that students in the high category experienced significant score increases from pretest to 

posttest, averaging from 20 to 80. This suggests that WIPPer is highly effective for students who 

actively utilize self-learning features and participate in face-to-face discussions. Conversely, 

students in the low category generally exhibited minimal improvement, from 20 in the pretest to 

only 40 in the posttest. This aligns with Chen & Cheng (2020) findings that success in blended 

learning depends largely on student independence and active use of digital learning resources.  

An item-by-item analysis revealed that questions 4, 8, and 9 were most frequently answered 

incorrectly.  Figure 3 shows that these three questions require applying sound wave concepts in 

more complex contexts, such as the Doppler effect in daily life, and analyzing relationships 

between variables in sound wave propagation. This difficulty highlights the need for 

reinforcement in concept application, suggesting that learning strategies should enrich student 

experience by presenting contextual examples and diverse problem-solving exercises (Reinke, 

2019). 
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Figure 3. Distribution of students' answer results 

 

The implementation of learning with WIPPer demonstrated effective application of the PBL 

model within a blended learning environment. Observations showed 89% implementation 

effectiveness across all learning aspects, covering initial, core, and closing activities in both 

synchronous and asynchronous modes. Learning activities were structured into three main stages: 

problem orientation via the online platform (Activity I), discussion and virtual experiments in 

face-to-face sessions (Activity II), and result analysis and conclusion drawing in both face-to-face 

and online settings (Activity III). The learning process concluded with an independent evaluation 

of understanding. Figure 4 illustrates the WIPPer dashboard interface, which facilitated access to 

content and learning activities. 

 

Figure 4. Dasboard of WIPPer 

 

Implementation success was evident from systematic execution at each stage. In initial 

activities, students accessed learning objectives and initial materials online both during and 

outside class hours. The flexibility of blended learning allowed students to prepare better before 

face-to-face sessions (Spatioti et al., 2022).  Core  activities,  including  problem analysis, virtual 
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experiments, and presentations, were optimally conducted in both learning modes. Closing 

activities such as drawing conclusions and evaluations also achieved high implementation, 

reflecting the effectiveness of WIPPer's feedback system. 

Despite positive outcomes, the analysis identified areas needing improvement, particularly 

in providing scaffolding for complex problem-solving and motivating students with low 

independence. Web-based media should include gradual assistance and reward systems to 

maintain self-regulation and motivation (Martha et al., 2023). Blended learning success depends 

not only on technical implementation but also on the media's capacity to facilitate adaptive 

learning tailored to individual needs (Graham, 2018). 

In the first learning stage (Activity I), students were introduced to problems and learning 

objectives through online videos and asynchronous tasks. Figure 5 presents Activity I in the 

WIPPer interface, showing students engaging with orientation materials outside classroom 

hours. Observation during activity I, which focused on group discussions about sound source 

material and the Doppler effect, revealed participation gaps. Students with low learning 

improvements tended to be passive in online and face-to-face discussions, relying on others and 

reluctant to engage in collaborative problem-solving due to low self-confidence and fear of errors. 

Active group participation is critical for concept understanding through exchanging ideas and 

experiences (Apriliani et al., 2024). 
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Figure 5. The activity I in WIPPer 

 

The second stage (Activity II) involved virtual experiments and collaborative problem-

solving. Figure 6 visualizes this activity, showing how students conducted simulations and face-

to-face discussions. Observations showed a correlation between adherence to experiment 

procedures and learning achievement. Students with low learning gains often fail to follow 

experimental guidelines, resulting in irrelevant data. The discrepancy between experimental 

results and theoretical concepts hindered their complete understanding. This aligns with (Herliana 

et al., 2025), who emphasized the importance of consistency between practical experience and 

theory in physics learning. 
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Figure 6. Activity II on the learning web 

 

The third stage (Activity III) focused on analysis and conclusion formulation. Figure 7 

illustrates this learning phase, where some students, particularly those in the low improvement 

category, did not complete the online analysis and conclusion tasks. This incomplete process 

impacted their ability to analyze sound source concepts and the Doppler effect. Concept analysis 

is essential in building physics problem-solving skills (Maulisa et al., 2024). These findings 

underscore that WIPPer's success depends not only on media design but also on students' 

willingness and commitment to active engagement (Kamande & Mungara, 2023). To maximize 

effectiveness, WIPPer has been designed with attention to appealing visuals, gradual evaluation, 

and virtual lab guidelines, including experiment videos, enabling students to learn independently 

with adequate support both inside and outside the classroom. 

 

Figure 7. Activity III on the learning web 
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Analysis of teacher responses revealed excellent average scores across all three assessed 

aspects: media (93.33%), material (100%), and evaluation (100%). The highest ratings in material 

and evaluation aspects indicate that WIPPer's learning content and assessment system effectively 

meet educational needs. Web-based learning media with appropriate content and structured 

evaluation systems can support the achievement of physics learning objectives (Aryani et al., 

2019).  

 

Figure 8. Percentage of teacher response results to WIPPer use 

 

Student responses also showed excellent results, with average percentages of 86.16% for 

media, 93.4% for material, and 90% for evaluation. On a per-item basis, the highest score for 

media was on item 4 (90%), related to ease of use, demonstrating WIPPer's high user-friendliness. 

This aligns with Albet (2023), who stated that ease of use is crucial for the successful 

implementation of web-based learning media. For material, item 7 scored highest (96%), 

reflecting clarity in presenting sound wave content.  
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Figure 9. Percentage of student response results to WIPPer use 

 

These findings support Syukri et al. (2023), who found that systematic presentation of digital 

learning materials enhances students' understanding of physics concepts. The evaluation aspect 

received the highest score on item 10 (97%), indicating good alignment between questions and 

learning material. Neo (2024) emphasized that compatibility between evaluation and content is 

essential for achieving learning goals. Overall, the average student response was 89.85%, 

categorized as excellent, confirming WIPPer's practicality for physics learning. Despite excellent 

assessments, some items scored relatively lower, notably media item 2 (76%) concerning 

background display. This matches teacher feedback suggesting improvements in visual clarity for 

the Doppler effect subtopic. Clear and relevant visuals are important in supporting concept 

comprehension (Murwaningsih et al., 2023). 

To deepen understanding of WIPPer's effectiveness, cross-tabulation analyses were 

conducted between key variables. Table 4 presents cross-tabulation between N-gain categories 

and student responses to WIPPer. Although all students rated WIPPer as very good (>81%), 

response distributions differed significantly.  

Table 4. Cross-tabulation between the n-gain category and student response 

N-gain category 

Students' response (%) 

Total Very good  

(91-100%) 

Very good  

(86-90%) 

Very good 

(81-85%) 

High (>0.7) 2 (50%) 2 (50%) 0 (0%) 4 

Medium (0.3-0.7) 5 (50%) 3 (30%) 2 (20%) 10 

Low (<0.3) 0 (0%) 3 (50%) 3 (50%) 6 

Total 7 8 5 20 

 

Students with high and medium N-gain categories tended to provide responses in higher 

percentage ranges, with 50% in each group  rating  WIPPer  in  the highest response bracket (91-
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100%). Conversely, no students with low N-gain scored in that range. This pattern indicates a 

positive correlation between students' perceptions of the media and their learning outcomes. 

Positive attitudes toward digital learning media strongly predict student success (Fathimah et al., 

2024). Students who rated WIPPer highly generally demonstrated greater learning improvements. 

Table 5 shows the cross-tabulation between N-gain categories and student engagement at different 

learning stages. 

Table 5. Cross-tabulation between the n-gain category and engagement in the learning stages 

N-gain category 

Engagement in learning stages (%) 

Activity I 

(Orientation) 

Activity II 

(Experiment) 

Activity III 

(Analysis) 

High (>0.7) 91.7% 100% 100% 

Medium (0.3-0.7) 83.3% 96.9% 77.1% 

Low (<0.3) 66.7% 82.1% 53.6% 

 

The results of the cross-tabulation analysis between N-gain categories and student 

engagement across learning stages (Table 5) reveal consistent patterns throughout all stages. 

Students with high N-gain exhibited excellent engagement in every stage, with the highest 

participation during experiment activities (100%). In contrast, students with low N-gain showed 

a progressive decline in engagement from orientation activities (66.7%) to analysis activities 

(53.6%). Specifically, during orientation (Activity I), there was a 25% engagement gap between 

high (91.7%) and low (66.7%) N-gain students. Experiment activities (Activity II) recorded the 

highest participation for all categories: 100% for high, 96.9% for medium, and 82.1% for low N-

gain students. The most significant discrepancy occurred in analysis activities (activity III), with 

a 46.4% difference between high (100%) and low (53.6%) engagement. 

This distribution demonstrates a strong positive correlation between student engagement 

levels and improvements in learning outcomes. Success in blended learning heavily depends on 

students' willingness and commitment to active participation (Wei et al., 2024). The decline in 

engagement during analysis activities among low N-gain students aligns with Yang et al. (2024), 

who emphasize the importance of active involvement in maximizing web-based learning. The 

high engagement during experiment activities across all groups underscores the value of practical 

experiences aligned with theoretical content in physics education (Lasmiati et al., 2024). 

Meanwhile, the significant engagement gap during analysis highlights the critical role of concept 

analysis in developing physics problem-solving skills. 

These findings reinforce that the effectiveness of web-based learning tools like WIPPer 

depends not only on media design and content quality but also on patterns of student participation. 

Effective blended learning necessitates active engagement throughout all stages, especially 

analysis and reflection (Bruijn-Smolders & Prinsen, 2024). Further  analysis (Table 6) correlates 
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students' ability to answer specific questions with their engagement levels in corresponding 

learning stages. 

Table 6. Cross-tabulation between ability to answer questions and engagement in related learning 

stages 

Question 

Number 
Concept Tested 

Correct Answer (%) 

High 

Engagement 

Medium 

Engagement 

Low 

Engagement 

4 Doppler Effect 91.0% (10/11) 20.0% (1/5) 0.0% (0/4) 

8 Sound Source 72.7% (8/11) 20.0% (1/5) 25.0% (1/4) 

9 
Sound Wave 

Velocity 
63.6% (7/11) 40.0% (2/5) 25.0% (1/4) 

 

This table illustrates the relationship between tested physics concepts and the percentage of 

correct responses relative to student engagement levels. For the Doppler Effect (question 4), 

students with high engagement showed excellent understanding (91.0% correct), while medium 

engagement students achieved only 20.0%, and none with low engagement answered correctly. 

For Sound Source (question 8), high engagement students achieved 72.7%, medium engagement 

20.0%, and low engagement 25.0%. For Sound Wave Velocity (question 9), correct answers were 

63.6% for high engagement, 40.0% for medium, and 25.0% for low engagement. Overall, a clear 

positive trend exists between engagement level and conceptual understanding, with high-

engagement students consistently outperforming others. This supports Mason and Singh (2016), 

who emphasize that active engagement, particularly in concept analysis, is essential for 

developing problem-solving skills. The analyzed questions required applying sound wave 

concepts to complex real-life contexts, such as the Doppler effect and variable relationships in 

wave velocity. 

These results also align with Chen et al. (2024), who highlight that blended learning success 

strongly depends on self-regulated learning and active resource utilization. Highly engaged 

students typically follow the entire learning process thoroughly, from problem orientation to 

concept analysis, fostering comprehensive understanding. Herliana et al. (2024) emphasize that 

structured learning combined with consistent monitoring underpins concept mastery. The strong 

correlation between engagement and the ability to answer complex questions further supports Wei 

et al. (2024), underscoring that the effectiveness of web-based learning hinges on active student 

participation. The clear performance disparities across engagement levels demonstrate that the 

success of interactive media like WIPPer depends not only on media quality but also on the 

intensity and quality of student interaction with learning content. 

Practically, these findings imply several strategies for physics education. First, the 

engagement pattern underscores the need for gradual scaffolding, particularly during concept 

analysis, to  assist  students  with  low  independence. Teachers can implement regular check-ins, 
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such as directed online discussions or formative quizzes, to sustain engagement during blended 

learning. Second, the positive correlation between experiment engagement and learning 

improvement highlights the importance of integrating hands-on activities, even in online formats. 

Teachers might develop simple at-home experiments to complement virtual labs in WIPPer. 

Third, the observed gaps in answering application questions indicate a need to enhance contextual 

examples in learning materials. Educators can enrich WIPPer content with physics problems 

relevant to students' daily lives in Aceh, thus boosting engagement and conceptual understanding. 

 

IV. CONCLUSION AND SUGGESTION   

This study confirms the effectiveness of the WIPPer model in improving students' physics 

learning outcomes of sound waves within a blended learning environment. The application of 

WIPPer resulted in a medium average N-gain score of 0.5116, with 70% of students showing 

learning gains within the medium to high categories. High levels of teacher and student approval 

were recorded, with both groups rating WIPPer as highly effective across media, material, and 

evaluation aspects. Classroom implementation data indicated an overall effectiveness rate of 89%, 

with strong correlations observed between student engagement and achievement. Notably, 

students with high engagement were more capable of solving analytical and application-based 

problems compared to their less-engaged peers. These findings suggest that the integration of 

problem-based strategies, adaptive feedback, and virtual experimentation within a web-based 

platform can significantly enhance physics learning outcomes by fostering inquiry, independence, 

and conceptual depth. 

However, this study is limited by its small sample size, and the evaluation focused primarily 

on cognitive learning outcomes. Future research should involve larger, more diverse populations 

and extend the implementation period to examine the sustained impact of WIPPer. Moreover, 

integrating real-time analytics and expanding the range of content topics could further enhance 

its instructional value. Overall, this research contributes to physics education by introducing 

WIPPer as a structured, inquiry-based framework that effectively integrates digital media to make 

abstract concepts such as sound waves more comprehensible through contextual problem-solving. 

Its design fosters active engagement, critical thinking, and independent learning, which are core 

competencies in 21st-century science education. Furthermore, WIPPer serves as a practical model 

for educators and curriculum developers aiming to implement technology-enhanced, problem-

based instructional strategies in secondary-level physics learning. 
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