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ABSTRACT 

	Abstract
Background:
This study investigated the effectiveness of a STEM-based electronic module (e-module) integrated with the Phyphox smartphone application in improving physics learning outcomes among Phase F students (equivalent to Grade 11) in Indonesia.
Methods:
A quasi-experimental design with a pretest–posttest control group was employed. Two intact classes were selected through purposive sampling: the experimental class learned using the STEM-based e-module integrated with Phyphox, while the control class received conventional direct instruction without the e-module. Effectiveness was examined through pretest and posttest scores, normalized gain (N-gain), student response questionnaires, and observation of learning activities.
Results:
The results show an increase in the mean learning outcome from 36.76 (pretest) to 85.59 (posttest) in the experimental class, with an N-gain of 0.77 (high category). The mean student response score was 81.18%, categorized as “very effective”, and the mean activity score reached 96.85% (“very active” category).
Conclusion:
These findings indicate that the STEM-based e-module integrated with Phyphox effectively enhances students’ learning outcomes and engagement, particularly on the topic of sound waves. The study strengthens the role of digital technologies and smartphone-sensor-based experiments in supporting contextual, inquiry-oriented physics learning under the Indonesian Kurikulum Merdeka and 21st-century learning frameworks



Keywords: e-module; STEM; Phyphox; physics education; learning outcomes


1. INTRODUCTION 

The rapid development of educational technology in the 21st century has fundamentally transformed learning paradigms. The integration of information and communication technology (ICT) into education is no longer a mere complement; it has become a key component in creating interactive, adaptive, and student-centred learning environments. Contemporary education is expected to produce learners who can think critically and creatively, collaborate effectively, and communicate clearly—competencies that are central to 21st-century skills.
Within this context, digital learning is an appropriate approach to support more flexible and contextual learning. The use of digital technologies such as electronic modules (e-modules) enables students to learn independently, receive rapid feedback, and explore concepts through engaging and authentic activities. E-modules are systematically developed learning materials designed to support self-directed learning, often enriched with text, images, video, animation, and interactive elements that scaffold conceptual understanding (Prastowo, 2019). They allow flexible learning because students can access materials anytime and anywhere, unconstrained by space and time (Sari & Wibowo, 2021; Sidiq et al., 2021).
Despite these opportunities, learning outcomes in physics remain relatively low in many schools. Physics is often perceived as difficult due to its abstract nature, substantial mathematical demands, and the need for deep conceptual understanding. These challenges are exacerbated by limited laboratory facilities and instructional apparatus. Consequently, physics learning in many classrooms is still dominated by conventional teaching methods—lectures and routine problem-solving—without authentic experimental experience. Limited access to experimentation hampers students’ ability to connect theoretical knowledge with real-world phenomena, resulting in sub-optimal learning outcomes.
To respond to these challenges, innovative and contextual approaches are needed. One promising approach is STEM (Science, Technology, Engineering, and Mathematics) education. STEM represents an interdisciplinary approach that connects academic concepts with real-world applications (Rusilowati, 2020), and is implemented as a holistic problem-solving process (Mu’minah & Aripin, 2019). STEM-based learning emphasises active and inquiry-driven experiences in which students engage in scientific thinking processes, from problem formulation and experimental design to data analysis and solution development. Through this approach, students develop not only conceptual knowledge but also higher-order thinking skills and 21st-century competencies (Octafianellis et al., 2021; Muttaqiin, 2023).
In physics education, STEM-based e-modules can play a crucial role in overcoming limited laboratory resources while enhancing the quality of learning processes. E-modules can provide systematic digital content that is interactive and easily accessible via smartphones or laptops. Multimedia features enable simulations, animations, and project-based activities that help students understand physics phenomena more concretely (Kaur, 2019; Ramdhani et al., 2020).
An important innovation in this field is the integration of the Phyphox (Physical Phone Experiments) application into STEM-based e-modules. Phyphox is a smartphone-based laboratory application that uses built-in sensors—such as accelerometers, gyroscopes, and microphones—to conduct real-time physics experiments (Carroll & Lincoln, 2020). This allows students to carry out authentic, low-cost experiments directly using their personal devices. Empirical studies show that Phyphox can enhance students’ understanding of physics concepts and science process skills when used in laboratory or practicum settings (Ariyansah et al., 2021; Nurfadilah et al., 2019; Evains et al., 2024; Valerius et al., 2023; Imtinan & Kuswanto, 2023).
Previous studies have demonstrated the effectiveness of STEM-based e-modules in improving learning outcomes and scientific literacy (Afriana et al., 2016; Kurnia et al., 2022; Maziyah & Hidayati, 2022; Rusilowati, 2020; Permatasari et al., 2024). However, most of this research has focused on e-modules that rely on computer-based simulations (for example PhET) or static digital content, without direct integration with smartphone-sensor-based experiments. There is still limited empirical evidence regarding STEM-based e-modules that systematically integrate Phyphox as an experimental tool within the learning sequence. Given the increasing access to smartphones among students, this integration offers strong potential to address laboratory limitations and promote more participatory, contextual physics learning.
This study addresses that research gap by developing and testing the effectiveness of a STEM-based e-module integrated with Phyphox for physics learning on sound waves among Phase F students in Indonesia. The novelty of this work lies in combining digital learning materials with smartphone-sensor-based experimentation within a structured STEM framework at the upper-secondary level. This innovation is expected to yield a learning model that is effective, efficient, and aligned with the characteristics of digitally native students and the demands of the Kurikulum Merdeka.
Based on this background, the research questions are: (1) How effective is the STEM-based e-module integrated with Phyphox in improving Phase F students’ physics learning outcomes? (2) To what extent do students’ learning outcomes increase after using the STEM-based e-module integrated with Phyphox?
Accordingly, the objectives of this study are: (1) To determine the effectiveness of the STEM-based e-module integrated with Phyphox in improving Phase F students’ physics learning outcomes. (2) To analyse the extent of the improvement in learning outcomes after the implementation of the STEM-based e-module integrated with Phyphox.
The study is expected to contribute theoretically by enriching the literature on STEM-based learning that leverages smartphone sensors, and practically by providing an innovative teaching material that physics teachers can adopt to design engaging, low-cost experimental learning aligned with 21st-century education.

2. methodology 

2.1 Research Design
This research employed a quasi-experimental design with a pretest–posttest control group. Two intact classes were used: one as an experimental group and the other as a control group.
· The experimental class received instruction using the STEM-based e-module integrated with Phyphox on the topic of sound waves.
· The control class was taught using conventional direct instruction without the e-module or Phyphox integration.

The design can be summarized as in Table 1.
Table 1. Research Design
	Group
	Pretest
	Treatment
	Posttest

	Control
	O₁
	X₁ (conventional learning, no STEM e-module–Phyphox)
	O₂

	Experimental
	O₁
	X₂ (STEM-based e-module integrated with Phyphox)
	O₂



where:
· O₁ = pretest,
· O₂ = posttest,
· X₁ = conventional instruction without the STEM-based e-module and Phyphox,
· X₂ = instruction using the STEM-based e-module integrated with Phyphox.
· 
2.2 Participants
The participants were Phase F students in Grade XI at SMA Negeri 6 Padangsidimpuan, Indonesia, with a total of 34 students. Classes were selected using purposive sampling, based on comparable prior academic achievement. One class was assigned as the experimental group and one as the control group.
2.3 Instruments
Prior to this study, the STEM-based e-module integrated with Phyphox underwent validity and practicality evaluations by experts and practitioners. The effectiveness test was conducted over three learning sessions (meetings).
The instruments used in this research were:
1. Learning outcome test (pretest and posttest) on sound waves, which had been examined for validity and reliability.
2. Student response questionnaire using a Likert scale to assess perceptions of the effectiveness and attractiveness of the e-module.
3. Observation sheets to record students’ learning activities during the implementation of the STEM-based e-module integrated with Phyphox.

2.4 Data Analysis
Effectiveness was assessed using: Comparison of pretest and posttest scores, Normalized gain (N-gain) analysis, Descriptive analysis of student response scores, and Descriptive analysis of student activity scores. The normalized gain (N-gain) was calculated using the standard formula:

The N-gain scores were interpreted using conventional criteria (Ramdhani et al., 2020): g > 0.7 : high; 0.3 < g ≤ 0.7 : medium; g ≤ 0.3 : low

Descriptive and inferential analyses were performed using SPSS 22. The effectiveness of the e-module was also considered in relation to the Minimum Mastery Criterion of 75 for students’ critical thinking and learning outcomes.


3. results and discussion
3.1 Learning Outcomes
The effectiveness of the STEM-based e-module integrated with Phyphox was first examined through students’ pretest and posttest scores on the topic of sound waves in the experimental class (n = 34). The distribution of pretest scores is presented in Table 2.
Table 2. Distribution of pretest scores in the experimental class (n = 34)
	No.
	Score interval
	Number of students
	Total score

	1
	10
	1
	10

	2
	20
	5
	100

	3
	30
	11
	330

	4
	40
	5
	200

	5
	50
	11
	550

	6
	60
	1
	60

	
	Total score
	34
	1,250

	
	Mean
	
	36.76


Table 2 shows that most students’ initial scores were clustered in the 30–50 range, with a mean pretest score of 36.76, indicating relatively low prior mastery of the material.
After the implementation of the STEM-based e-module integrated with Phyphox, the distribution of posttest scores changed markedly (Table 3).
Table 3. Distribution of posttest scores in the experimental class (n = 34)
	No.
	Score interval
	Number of students
	Total score

	1
	40
	1
	40

	2
	50
	0
	0

	3
	60
	0
	0

	4
	70
	3
	210

	5
	80
	9
	720

	6
	90
	16
	1,440

	7
	100
	5
	500

	
	Total score
	34
	2,910

	
	Mean
	
	85.59


As shown in Table 2, the majority of students achieved scores in the 80–100 range, with a mean posttest score of 85.59. Compared to the pretest mean, this represents a substantial improvement in students’ learning outcomes following the intervention.
The normalized gain (N-gain) for the experimental class was calculated using the standard formula and yielded a value of 0.77, which falls into the high category. This indicates that the STEM-based e-module integrated with Phyphox was highly effective in improving students’ conceptual understanding of sound waves.

3.2 Student Responses
Student perceptions regarding the use of the STEM-based e-module integrated with Phyphox were measured using a 10-item Likert-type questionnaire. Descriptive statistics for each item are presented in Table 4.
Table 4. Descriptive statistics for the student response questionnaire (n = 34)
	Item
	N
	Minimum
	Maximum
	Mean
	SD

	P1
	34
	2
	4
	3.15
	0.436

	P2
	34
	3
	4
	3.24
	0.431

	P3
	34
	3
	4
	3.24
	0.431

	P4
	34
	2
	4
	3.26
	0.511

	P5
	34
	3
	4
	3.26
	0.448

	P6
	34
	2
	4
	3.18
	0.459

	P7
	34
	3
	4
	3.21
	0.410

	P8
	34
	3
	4
	3.32
	0.475

	P9
	34
	3
	4
	3.26
	0.448

	P10
	34
	3
	4
	3.35
	0.485


The overall percentage score for the questionnaire was 81.18%, which is categorized as “very effective”. This indicates that students perceived the STEM-based e-module integrated with Phyphox as interesting, easy to use, and helpful for understanding physics concepts. They also reported that the learning process became more engaging and encouraged independent as well as collaborative work.
3.3 Student Activities
Student learning activities during the implementation of the STEM-based e-module integrated with Phyphox were observed over three meetings. The mean activity scores for each session are summarized in Table 5.
Table 5. Student activity scores across three sessions
	No.
	Session
	Mean activity score (%)
	Grade

	1
	1
	88.80
	A

	2
	2
	91.88
	A

	3
	3
	93.84
	A

	
	Overall mean
	91.51
	A


Table 5 shows that students consistently demonstrated high levels of participation, with activity scores ranging from 88.80% to 93.84% and an overall mean of 91.51% (grade A). During the sessions, students actively configured the Phyphox application, carried out experiments using smartphone sensors, recorded and analyzed data, and discussed findings within their groups. These patterns indicate that the learning environment fostered active engagement, collaboration, and inquiry-based exploration.
The findings show that the STEM-based e-module integrated with the Phyphox application produced a substantial improvement in students’ physics learning outcomes. The pretest–posttest data and the N-gain value of 0.77 (high category) indicate that most students shifted from low and medium achievement levels to high achievement after the intervention (see Tables 3 and 4). This pattern is consistent with previous studies reporting that STEM-oriented teaching materials can significantly enhance conceptual understanding and scientific literacy in science and physics learning (Afriana et al., 2016; Prasetyo et al., 2021; Ramdhani et al., 2020; Wiyono et al., 2025). A recent meta-analysis also concludes that STEM-based learning materials in science and physics generally yield medium-to-high effect sizes on both knowledge and literacy outcomes (N. et al., 2022). 
The design of the e-module in this study aligns with key principles of STEM education, namely the integration of science concepts, technology tools, simple engineering design tasks, and mathematical reasoning in solving contextual problems. Such integration is widely recognized as effective for strengthening higher-order thinking, problem-solving, and scientific literacy (Afriana et al., 2016; Kaur, 2019; Mu’minah & Aripin, 2019; Muttaqiin, 2023). Large-scale evidence from Asian contexts further shows that STEM enactments have a positive, moderate effect on students’ learning outcomes, particularly on higher-order thinking skills (Wahono et al., 2020). The strong N-gain observed in this study suggests that embedding STEM elements in an e-module format can help students connect abstract wave and sound concepts to real-world phenomena, thereby supporting the goals of 21st-century competence and the Merdeka Belajar curriculum.
The integration of the Phyphox application is a distinctive feature of the intervention and appears to have played an important role in supporting students’ learning. Phyphox allows smartphones to function as portable sensor-based laboratories, enabling real-time data collection for motion, oscillations, and wave phenomena with minimal equipment (Staacks et al., 2018; Carroll & Lincoln, 2020). Literature reviews and empirical studies consistently highlight that Phyphox-based experiments lower logistical barriers to laboratory work and help students visualize physical quantities through graphs and numerical data on their own devices (Imtinan & Kuswanto, 2023; Sari et al., 2022). In line with these findings, the students in this study were able to conduct simple yet meaningful sound experiments using their smartphones, which likely contributed to the observed gains in understanding of wave properties and sound characteristics.
The results of this research also reinforce evidence that smartphone-based laboratories can enhance science process skills and engagement. Studies integrating Phyphox into high-school physics labs report significant improvements in students’ science process skills and positive attitudes towards experimentation (Evains et al., 2024; Imtinan & Kuswanto, 2023). Meta-analyses on mobile learning further show that the integration of mobile devices with instruction generally yields positive effects on students’ learning performance across disciplines (Sung et al., 2016). In this study, the questionnaire results (Table 4) indicate that students perceived the e-module as clear, engaging, and helpful for understanding complex physics concepts, while the activity observation data (Table 5) show high levels of participation, collaboration, and on-task behavior. These findings are coherent with prior work demonstrating that interactive e-modules and mobile learning can foster learner independence, motivation, and active engagement (Prasetyo et al., 2021; Sidiq et al., 2021; Arista & Kuswanto, 2018). 
From a pedagogical perspective, the combination of STEM-based e-modules and Phyphox-assisted experimentation appears to address several persistent challenges in physics education, including limited laboratory facilities, low student engagement, and the abstract nature of core concepts. By allowing students to collect and analyze data with devices they already own, the intervention reduces cost barriers and creates more opportunities for inquiry-oriented activities both inside and outside the classroom (Staacks et al., 2018; Carroll & Lincoln, 2020). At the same time, the structured tasks in the e-module provide scaffolding that guides students through prediction, measurement, analysis, and reflection—stages that are essential for cultivating scientific reasoning and 21st-century skills (Kaur, 2019; Mu’minah & Aripin, 2019; Rusilowati, 2020).
Despite these promising results, several limitations should be acknowledged. The study involved a limited number of classes in a single school, and the design did not include random assignment of participants, which may constrain the generalizability of the findings. In addition, the focus was primarily on cognitive outcomes and general indicators of engagement; more fine-grained measures of science process skills, creativity, and problem-solving could provide a richer picture of the impact of the STEM–Phyphox intervention. Future research could therefore involve larger and more diverse samples, employ comparison groups using different types of digital resources, and examine long-term retention of concepts as well as the development of students’ attitudes toward STEM careers.
4. Conclusion
This study concludes that the STEM-based e-module integrated with the Phyphox application is highly effective in improving Phase F students’ physics learning outcomes and learning engagement on the topic of sound waves. The high N-gain value (0.77), very positive student responses (81.18%), and very active learning behaviour (96.85%) collectively indicate that the e-module successfully supports conceptual understanding, motivation, and active participation.
Practical implications include: (1) The e-module can be adopted as an alternative teaching material for physics teachers seeking to design low-cost, experiment-rich learning that leverages students’ smartphones. (2) Integrating STEM principles with smartphone-sensor-based experimentation offers a viable solution to limited laboratory infrastructure in many schools.
Recommendations for future research and development are: (1) To design STEM-based e-modules integrated with Phyphox for other physics topics (e.g., kinematics, harmonic motion, electricity) and evaluate their effectiveness across diverse student populations and school contexts. (2) To refine the e-module design with richer multimedia features, adaptive assessment, and scaffolding to further support students with varying prior knowledge and digital skills. (3) To conduct larger-scale or longitudinal studies that examine the long-term impact of STEM–Phyphox integration on students’ scientific literacy, problem-solving skills, and attitudes toward physics.
By systematically expanding and refining this model, educators and researchers can contribute to more inclusive, engaging, and future-oriented physics education in Indonesia and beyond.
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