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Purpose of the study: Science process skills are required outcomes of
Indonesia's Kurikulum Merdeka, yet teachers often teach rotational dynamics
without hands-on experiments. This study developed a practicum e-module that
combines Phyphox experiments with rule-based formative feedback linked to
science process skill indicators, and evaluated its validity, practicality, and
associated changes in students’ scores.

Methodology: The ADDIE model guided development. The product was trialed
with 32 Grade XI students at Senior High School 5 Sarolangun using a one-
group pretest-posttest design. We analyzed validity and practicality data
descriptively. Pretest and posttest scores from a 15-item science process skills
test were analyzed using the Wilcoxon signed-rank test, normalized gain, and
effect size.

Main Findings: The mean expert-validity score was 88.72%, and students rated
the e-module practical (M =4.13; 82.65%). Mean scores increased from 30.97 to
77.09 (Z = -4.643, p < .001), with a moderate normalized gain (g = 0.67) and a
large within-group effect size (r = 0.82). The largest changes occurred in
identifying variables, designing experiments, and analyzing data, whereas
formulating hypotheses and drawing conclusions changed least.

Novelty/Originality of this study: The e-module is therefore a valid and
practical resource for supporting experimental work where laboratory equipment
is limited. Because the study lacked a comparison group, the observed change
cannot be attributed to the e-module alone; controlled and longer-term trials are
recommended.
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1. INTRODUCTION

The Merdeka Kurikulum in Indonesia's education system requires students to master science process
skills (SPS), but high school physics classes rarely carry out practical work. Two conditions sustain this
situation: schools lack laboratory equipment, and teaching still centers on explaining formulas. SPS is both
procedural and cognitive; without practicums, students lose the opportunity to control variables, collect
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evidence, interpret data, and draw conclusions. Process skills can only be developed and assessed through tasks
that truly involve students in the inquiry process [1]. Anggereni et al. [2] identified limited laboratory equipment
as the main reason for the low frequency of experimental activities in physics learning. Moreover, Yunita [3]
reports junior secondary students' science process skills at 39.44%, with the two weakest SPS dimensions in that
study being variable identification and data interpretation. Thus, SPS remains a curriculum achievement that is
difficult for students to achieve because classroom conditions do not provide the practical experience they need.

Rotational dynamics is a material that is very difficult to teach. Its main variables, namely angular
velocity, angular acceleration, torque, and moment of inertia, are abstract and rarely directly felt in everyday
experience. Measuring these variables generally requires photogates, rotational motion sensors, or data loggers
that many high schools in Indonesia lack. Rimoldini and Singh [4] found that students across undergraduate
levels struggled with torque, moment of inertia, and rolling, and that part of this struggle carried over from faulty
reasoning about linear motion, such as expecting a steady torque to keep angular velocity steady. In the
Indonesian context, Rafika and Syuhendri [5] reported that only 1.70% of 35 grade XI students understood
rotational and rolling motion, while 58.30% held misconceptions across every concept tested, including moment
of inertia, angular velocity, and angular acceleration. Therefore, rotational dynamics practicum in schools
requires a measuring tool that is easily accessible, quantitative, and capable of visualizing abstract rotation
quantities.

Phyphox offers a practical solution by converting sensors on regular smartphones into laboratory
instruments that record real physical data. Unlike simulations that display model outputs programmed by
developers, Phyphox measures an object's actual motion through an accelerometer, gyroscope, and other sensors.
This distinction is epistemologically important, as SPS such as measuring, identifying variables, and interpreting
data assume data that carries uncertainty and noise from real phenomena. Staacks et al. [6] developed Phyphox
as a free application that provides access to raw sensor data, real-time graphs, and remote experimental control
via a web browser. Its usefulness in the classroom has been demonstrated in measuring kinematic variables [7]
and in practical guides for physics teachers [8]. A literature review by Imtinan and Kuswanto [9] also shows that
Phyphox has been applied to a wide range of physics topics in experiment-based learning. Thus, Phyphox
provides authentic empirical data, a prerequisite for developing SPS. Systematic reviews and comparative
studies likewise identify smartphone sensors as accessible experimental tools, while emphasizing that their
learning value depends on task design, guidance, and integration with physics concepts [10]-[16].

The use of smartphone sensors for rotation phenomena is emerging in the literature, but its scope
remains limited. Because smartphone gyroscopes record angular velocities directly, rotational dynamics are one
of the most natural applications for these devices. Nonetheless, most existing research focuses on demonstrating
measurement techniques rather than on how learners learn through the measurements. Monteiro et al. [17] used
Phyphox and a turn table to measure regular circular motion and relate centripetal acceleration to angular
velocity. Wheatland et al. [18] utilized smartphones as a free-rotation laboratory to investigate the rotation of
rigid objects against their main axes. Both studies primarily focused on the quality and physical interpretation of
measurement results, and neither was designed as a structured practicum to develop SPS for high school
students. Therefore, the application of Phyphox to rotational dynamics in SPS-oriented high school practicum is
still rarely studied.

E-modules are a common way to structure practical work in Indonesian schools. They combine text,
images, video, and interactive elements, allowing students to follow experimental procedures at their own pace.
Their value, however, depends on whether they merely digitize printed worksheets or respond to what students
actually do. Darmaji et al. [19] embedded a problem-solving approach in a basic physics practicum e-module
oriented toward science process skills. Although research on e-modules is expanding, literature reviews show a
predominant focus on higher-order thinking via interactive multimedia and Android platforms [20]. Digital
literacy has indeed been linked to students' science process skills (SPS) and critical thinking [21]. However,
practical-work e-modules rarely provide automated feedback during data recording, processing, and
interpretation. Reviews of inquiry-based mobile learning further indicate that mobile resources are most
productive when they organize purposeful investigation rather than merely digitizing content [22]-[25].

Automated feedback can close these gaps by responding to learners' work as it is generated. Timely and
specific feedback allows learners to correct their procedures and interpretations before mistakes become
entrenched. In practicums, this is possible because every SPS indicator, from reading graphs to formulating
conclusions, can be assessed against explicit criteria. Meyer et al. [26] examined automated feedback on physics
tasks generated with open-source generative artificial intelligence. A systematic review by Wang et al. [27]
shows that Al-based feedback and assessment tools are mostly researched at the higher education level. Letteri
and Vittorini [28] also examined Al-generated feedback in university-level data science education. Thus,
existing research is dominated by generative models in higher education, leaving room for rule-based feedback
designed per SPS indicator for high school practicum, which demands transparent and predictable feedback.
Meta-analytic evidence also shows that feedback is most effective when it is specific, timely, and directed
toward the learning process [29].
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Based on these gaps, this study developed a practicum e-module that integrates Phyphox and rule-based
feedback on the rotational dynamics material in class XI. This e-module combines real sensor data from
Phyphox with feedback triggered by each SPS indicator when students complete the practicum. This design
addresses the three identified gaps simultaneously, rather than separately. First, this study offers combinatorial
novelty because, to the best of the author's knowledge, no product integrates Phyphox, rule-based feedback, and
e-modules in a single learning resource. Second, this study offers content novelty by applying Phyphox to
rotational dynamics, a material that is still rarely studied in Phyphox-based learning research. Third, this study
offers contextual novelty by aligning with the Independent Curriculum and the high school/MA context in
Indonesia, using the ADDIE development model [30]. The design follows established inquiry cycles and
evidence that guided inquiry can support scientific reasoning, higher-order thinking, and laboratory performance
[31]-[36]. Recent research also links smartphone-supported laboratory work with science process skills and
student engagement [37]-[41]. Therefore, this study aims to develop the e-module, evaluate its validity and
practicality, and describe the changes in students' SPS after its implementation.

2. RESEARCH METHOD

This study followed a research and development design structured by the ADDIE model, and the
resulting product was trialled in a one-group pretest—posttest arrangement. ADDIE was selected because each of
its five stages closes with a formative evaluation, so that revision can be made before the following stage begins
[30]. The single-group arrangement follows from the setting rather than from preference, since only one grade
XI class at the school met the equipment condition the trial imposed. In the analysis stage, learning needs were
mapped through interviews, classroom observation, and a needs analysis questionnaire. The design stage set out
the structure of the e-module, placing Canva-based conceptual material, Phyphox experiments on moment of
inertia and angular velocity, and rule-based feedback within one sequence. The development stage realized that
structure in Heyzine PDF Corporate Edition, configured the gyroscope and accelerometer routines in Phyphox,
encoded the feedback rules, and submitted the product to three experts in physics content, instructional media,
and assessment for review. The implementation stage brought the revised e-module into the classroom over five
lessons, and the evaluation stage examined its validity, its practicality, and the change in students' science
process skill scores. The overall ADDIE model procedure is presented in Figure 1.

1. Analysis

Interviews, observation, questionnaire
Mapping needs and initial SPS

2. Design

Media format, navigation, content
Phyphox procedures, instruments

3. Development

E-module production, Al feedback
Expert validation and revision

J

4, Implementation

Trial with Grade XI students
One-group pretest-posttest

5. Evaluation

U Formative

Practicality and response analysis X
evaluation loop

Change in SPS scores

Figure 1. Research Procedure Based on the ADDIE Model

Figure 1 shows the development stages using the ADDIE model. First, in the analysis stage, we
identified learning needs through interviews with ten students and two teachers, learning observations, and a
needs-analysis questionnaire. This stage mapped students’ difficulties in comprehending rotational motion
material, the existing practicum conditions, and students’ current mastery of SPS. The analysis showed that
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students' main conceptual difficulties included separating rotational motion components, visualizing the angular
velocity vector, and understanding moment of inertia. Second, in the design stage, we designed the e-module
structure by integrating Canva-based conceptual material, Phyphox-based experiments for moment-of-inertia and
angular-velocity practicums, and rule-based feedback to provide feedback to students. Third, in the development
stage, we used Heyzine PDF Corporate Edition to design the e-module, configured Phyphox experiments on the
gyroscope/accelerometer sensors, and developed a feedback algorithm based on a rule-based expert system.
Next, during implementation, we conducted expert validation (physics material, instructional media, evaluation),
followed by trials with 32 students. Finally, in the evaluation stage, we measured the product's validity,
practicality, and effectiveness.

Four kinds of data were collected across the five stages. The data gathered in the analysis stage are
qualitative and served to shape the design rather than to evaluate it. The remaining three are quantitative and
carry the judgments of validity, practicality, and change in skill. Needs data came from interviews with ten
students and two teachers, from observation of physics lessons, and from a needs analysis questionnaire, and
pointed to three recurring difficulties: separating the components of rotational motion, visualizing the angular
velocity vector, and interpreting moment of inertia. Validity data came from expert judgments recorded on a 29-
item sheet with a five-point Likert scale (a = 0.89). Practicality data came from a 42-item student response
questionnaire (o = 0.91) covering seven aspects: ease of use (5 items), display and design (5 items), material and
learning (6 items), practical work with Phyphox (7 items), feedback (6 items), science process skills (7 items),
and perceived benefit (6 items). Science process skill data came from a 15-item multiple-choice test addressing
problem formulation, hypothesis generation, variable identification, experimental design, data analysis, and
conclusion drawing (KR-20 = 0.82). The reliability coefficients were interpreted as evidence of acceptable
internal consistency for research use [42].

Data analysis proceeded along three lines, one for each question the study asks. Validity and practicality
were treated descriptively, since both rest on judgments recorded against fixed criteria rather than on comparison
between groups. Change in science process skills was treated inferentially, though as a within-group change over
time rather than as an effect attributable to the e-module alone. Validity was expressed as a percentage of the
maximum validator score, read against four bands: above 80% very valid, 60—80% valid, 40—60% fairly valid,
and below 40% invalid. Practicality was expressed as a mean questionnaire score, read as 4.20-5.00 very
practical, 3.4-4.2 practical, 2.6-3.4 fairly practical, and below 2.60 not practical. Distribution of the pretest and
posttest scores was examined with the Shapiro—Wilk test, and because normality did not hold, the Wilcoxon
signed-rank test was applied at a = 0.05, accompanied by the effect size r = Z/\N with Lakens' [43] bands of 0.5,
0.3, and below. Normalized gain was computed as g = (S_post — S _pre) / (S_max — S_pre) and read against
Hake's [44] bands of 0.7 and 0.3, both for the total score and for each science process skill indicator, with all
computation carried out in SPSS 26.

3.  RESULTS AND DISCUSSION
3.1. Product Development Results: Phyphox-Integrated E-Module

The needs analysis showed that rotational motion was taught only through theoretical concept and
worked examples, with no practical component. Limited laboratory equipment contributed to this, and the lack
of experiments left teachers without a way to see how well students comprehended the material and mastered
science process skills during lessons. The interview transcript of ten students highlighted three ongoing
difficulties: identifying the elements of rotational motion, forming a conceptual image of angular velocity
vectors, and understanding moments of inertia. Interviews with two physics teachers also pointed to two further
problems: detecting conceptual understanding and assessing students' abilities in the scientific process. In the
self-evaluation survey, the students said that hypothesis formulation and experimental design were the areas in
which they were least proficient (see Figure 2). Both aspects are addressed through experimentation, which the
classroom has ignored in the past.

Designing & Experimenting s
Interpreting Data |l
Defining Operationally |
Formulating Hypotheses
Identifying & Controlling. . i

0% 20% 40% 60% 80%

Figure 2. Students’ SPS self-assessment result
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Figure 2 shows an uneven profile of science process skills among students, with four of the five
integrated indicators falling below 50%. This pattern suggests that students are relatively capable of handling the
more definitional aspects of inquiry, but struggle with skills that require them to generate, test, and make sense
of ideas independently. Such a profile is consistent with practicum activities that follow prescriptive procedures,
in which students seldom formulate their own hypotheses, design their own investigations, or interpret authentic
measurement data. Defining operationally recorded the highest achievement at approximately 60%, followed by
identifying and controlling variables at approximately 46%. In contrast, interpreting data and formulating
hypotheses reached only about 26% and 23%, respectively. The lowest achievement was found in designing and
experimenting at approximately 19%, indicating that fewer than one in five students demonstrated this skill
adequately. These gaps point to the need for practicum learning resources that provide structured opportunities to
design experiments, collect real data, and receive indicator-specific feedback, which forms the basis for
developing the e-module in this study.

The e-module was built to meet these requirements, and each of its specifications follows from them. It
was designed in Canva and published as a flipbook in FlipPDF Professional, so that students could open it on
smartphones or computers without installing additional software. The smartphone that displays the e-module
also runs Phyphox, which removes the need for separate laboratory hardware. Learning activities follow the five
phases of problem-based learning, and each phase is linked to the science process skills it calls on. The
experiments use the gyroscope and accelerometer to record angular velocity in investigations of moment of
inertia. Rule-based feedback is attached to the experimental tasks, and each rule responds to a science process
skill indicator rather than the numerical answer. Figure 3 shows how these components are arranged across the e-
module.
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Figure 3. Characteristics of the Phyphox-integrated practicum e-module

i

Figure 3 shows the pedagogical framework used to develop the e-module. Problem-based learning was
chosen because it begins with a problem that students cannot settle without collecting evidence. That starting
point makes experimental work necessary rather than optional, which the needs analysis found missing. In the
orientation phase, students meet a rotational phenomenon and formulate a problem and a hypothesis about it. In
the organizing and investigating phases, they identify variables, plan the measurement, and record angular
velocity with Phyphox. In the developing and presenting phase, they analyze their graphs and conclude. In the
final phase, they evaluate the procedure they followed. Because each phase demands a named science process
skill, the feedback rules could be written indicator by indicator.

3.2. Validity and Practicality Assessment

Experts rated the e-module as highly valid, with an overall score of 88.72%. Validity was established
before any student used the product, so that the trial began with material that had already been checked and
revised. Three validators assessed the e-module from different standpoints, which allowed a weakness in one
aspect to be detected even when the others scored well. The content validator gave 88.60%, the media validator
90.00%, and the assessment validator 87.56%. Their arithmetic mean was 88.72%. All scores exceeded the 80%
threshold for the very valid category. The e-module therefore met the validity criterion on content, media, and
assessment grounds before implementation began.

Students rated the e-module practical, with an overall mean of 4.13 (82.65%) on the 42-item response
questionnaire. The 32 students who used the e-module during the trial judged its practicality, as their experience
determines whether it can work in a typical lesson. However, a single overall mean can conceal aspects students
found difficult. The questionnaire therefore reports seven aspects separately, from ease of use to perceived
benefit (Table 1). Ratings clustered at the upper end of the scale: 56.8% were 4, 28.2% were 5, and 15.0% were
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3. No student rated any item 1 or 2. The e-module thus met the practicality criterion, and the aspect scores show
where that judgment was strongest and weakest.

Table 1. Practicality Results of the E-Module per Aspect

Aspect Nulrgr)gz of Mean Percentage (%) Category
Ease of Use 5 4.22 84.38 Very Practical
Display and Design 5 4.11 82.12 Practical
Material and Learning 6 4.20 84.06 Very Practical
Practicum and Phyphox 7 4.06 81.25 Practical
Rule-Based Feedback 6 4.18 83.65 Very Practical
Science Process Skills 7 4.06 81.16 Practical
Benefit and Effectiveness 6 4.13 82.60 Practical
Overall Mean 42 4.13 82.65 Practical

Table 1 shows that, of the seven aspects measured, three obtained the “Very Practical” category,
namely ease of use (84.38%), material and learning (84.06%), and rule-based feedback (83.65%). The remaining
four aspects fell into the “Practical” category, with percentages above 81%. The ease-of-use aspect received the
highest score, indicating that the e-module interface is sufficiently intuitive and easy for students to operate.
Meanwhile, the practicum-and-Phyphox aspect and the science-process-skills aspect obtained the lowest scores
(4.06), indicating that some students still encountered difficulties with sensor calibration and required intensive
guidance in the early phase. The distribution of responses shows that 56.8% gave a score of 4, 28.2% gave a
score of 5, and 15.0% gave a score of 3, with none giving a response of 1 or 2. This finding is consistent with
Wardani et al., (2023), who emphasized the importance of flexibility of access in e-modules. Overall, this
positive response confirms that the developed e-module is accessible and resonant with the learning preferences
of the digital generation.

3.3. Change in SPS Scores

Before scores were compared, the distribution of each set was examined to choose an appropriate test.
A paired t-test assumes that both sets of scores are approximately normal, and a violation in either set is enough
to rule it out. The Shapiro—Wilk test suits a sample of 32, which is why it was preferred to the Kolmogorov—
Smirnov test also reported by SPSS. Pretest scores were normally distributed (W = 0.945, p = .105). Posttest
scores were not (W = 0.896, p = .005), as Table 2 shows. The posttest distribution was negatively skewed, with
scores concentrated toward the upper end of the scale (Table 3). The Wilcoxon signed-rank test was therefore
used to compare pretest and posttest scores.

Table 2. Shapiro—Wilk Normality Test Results

Score Shapiro-Wilk W df p Interpretation
Pretest SPS 0.945 32 .105 Normal
Posttest SPS 0.896 32 .005 Non-normal

Table 3. Descriptive Statistics of Pretest and Posttest

Statistic Pretest Posttest
Mean 30.97 77.09
Standard deviation 14.72 19.81
Median 33.00 80.00
Minimum 7 40
Maximum 73 100
Interquartile range 20 37

Science process skill scores were markedly higher after the trial than before it. The mean rose from
30.97 to 77.09, a difference of 46.12 points on a 100-point scale. The median moved in the same direction, from
33 to 80, which matters because the posttest distribution was not normal. The lowest score rose from 7 to 40, and
the highest from 73 to 100. The spread of scores also widened, with the standard deviation increasing from 14.72
to 19.81. Students therefore did not move as a block, and some gained considerably more than others. Whether
the paired change exceeds what chance would produce was tested with the Wilcoxon signed-rank test (Table 4).
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Table 4. Distribution of Ranks for the Wilcoxon Test

Rank category or statistic N or value Mean rank Sum of ranks
Negative ranks 3 3.83 11.50
Positive ranks 28 17.30 484.50
Ties 1 — —
Total 32 — —
Wilcoxon Z -4.643 — —
Two-tailed p <.001 — —

Table 4 shows that 87.5% of students had higher posttest scores, 9.4% had lower scores, and 3.1% had
unchanged scores. The Wilcoxon result (Z = -4.643, p < .001) indicates a statistically significant within-group
change. The magnitude of this change is summarized in Table 5.

Table 5. Indicators of Pretest-Posttest Change

Indicator Value Category
N-Gain 0.668 Moderate
Wilcoxon effect size (r) 0.82 Large
Mean score increase 46.12 points —
N-Gain = 2022290 — 0 668

(100-30.97)

Table 5 shows a moderate mean N-Gain of 0.668 and a large Wilcoxon effect-size estimate of r = 0.82.
These values describe the magnitude of the pretest-posttest change within the participating class. Because the
study used a one-group design without a comparison condition, the statistics do not establish that the e-module
alone caused the increase.

This study produced a Phyphox-based practicum e-module on rotational dynamics that experts rated
very valid, and students rated practical. The trial also recorded a substantial change in students’ science process
skill scores, with a moderate normalized gain and a large effect size. This change, however, was not evenly
distributed across the skill indicators. The largest changes occurred in identifying variables, designing
experiments, and analyzing data, whereas formulating hypotheses and drawing conclusions changed the least.
The practicality ratings showed a parallel pattern, as the two lowest-rated aspects were working with the sensor
and exercising science process skills. The needs analysis had identified designing experiments and formulating
hypotheses as the weakest skills before trial. The largest change therefore appeared in one of these two weak
skills, designing experiments, and the smallest in the other, formulating hypotheses.

These results matter most in schools where laboratory equipment is scarce, as the needs analysis
described. Kurikulum Merdeka expects students to carry out investigations, however many schools lack the
equipment those investigations require A smartphone-based practicum narrows this gap because its built-in
sensors turn a device most students already carry into a measuring instrument [45], [46]. Anggereni et al. [2]
linked the low frequency of physics experiments to limited laboratory equipment. Yunita [3] found variable
identification and data interpretation among the weakest science process skills, which are closely related to the
skills that changed most in the present trial. In this study, experimental work returned to a unit taught without it,
and it did so without new laboratory hardware. The e-module is therefore best read as a response to an
infrastructure constraint, not as a replacement for laboratory work where laboratories exist.

The pattern of change follows what the Phyphox experiments require students to do. Identifying
variables, designing an experiment, and analyzing data are exercised every time a student sets an object rotating
and records its angular velocity. By contrast, formulating hypotheses and drawing conclusions require reasoning
that goes beyond the measurement itself . Bao et al. [47] emphasize that scientific reasoning depends on
coordinating evidence, variable control, and theory testing. Each measurement forces a decision about what to
change, what to hold constant, and how to read the resulting graph. Because Phyphox records the motion of a
physical object rather than generating output from a model, those decisions have visible consequences in the
data. A poorly controlled trial produces an inconsistent graph, and the feedback rules then respond to the skill
rather than the answer. Formulating hypotheses and drawing conclusions, by contrast, require reasoning that
goes beyond the measurement itself. The e-module thus gave most practice to the skills tied to measurement and
least to the skills tied to inference, and the distribution of change reflects that balance.

This interpretation fits the view that science process skills develop through use in genuine enquiry
rather than through description. Harlen [1] argued that process skills cannot be separated from the content and
context in which they are exercised. Holmes and Wieman [48] similarly argued that the ability to reason with
data develops through repeated practice in making decisions from data, with feedback on these decisions.
Phyphox records the motion of physical objects rather than generating model outputs. Procedural decisions thus
leave visible traces in the data, distinguishing physical from virtual laboratories [36]. The rule-based feedback
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responds to these traces at what Wisniewski et al. [29] called the process level, so a correct value obtained
through an uncontrolled procedure still receives a response. This design differs from automated systems that
evaluate the correctness of students' answers [26], [28]. The broader lesson is that science process skills are
learned as things students do with real data, and inference-heavy skills therefore need more than one short unit to
develop.

The findings extend earlier smartphone-sensor studies from measurement to skill development. Most
previous work established that Phyphox measures accurately enough for teaching, or described classroom
activities built around it. Few studies have examined what students learn to do when they place the sensor within
a structured learning sequence. Monteiro et al. [17] measured uniform circular motion on a turntable with
Phyphox, and Wheatland et al. [18] used a smartphone as a free-rotation laboratory, but neither study assessed
science process skills. Darmaji et al. [19] developed a problem-solving e-module for basic physics practicum
aimed at science process skills, without sensor-based measurement. The present study therefore joins two lines
of work that have developed separately so far: sensor-based measurement and e-module design for science
process skills. Studies of connected laboratory experiences and laboratory-support videos likewise suggest that
technology contributes most when it is embedded in a coherent learning sequence [49], [50].

For teachers, these findings demonstrate that practical activities concerning rotational dynamics can be
conducted using smartphones and structured e-modules. Rule-based feedback also provides a way to assess
science process skills during instruction. Regarding curriculum implementation, the data indicate that the
Kurikulum Merdeka expectations for investigative activities can be partially met by utilizing equipment students
already possess. Future e-module development should incorporate design and reflection tasks to foster
hypothesis formulation and conclusion drawing, given that scaffolded design activities accompanied by
reflection have been shown to enhance scientific capabilities in physical laboratory settings [31]-[35]. While this
e-module is currently ready for classroom use, a more extensive instructional sequence and controlled trials are
required to determine its contribution to science process skills.

Three limitations qualify these conclusions. The trial used a one-group pretest—posttest design because
only one grade XI class at the school met the equipment requirements. Without a comparison group, the change
in scores cannot be separated from regular instruction, maturation, or familiarity with a test administered in the
same form twice. The trial lasted five lessons, which is short for skills such as formulating hypotheses and
drawing conclusions. The sample came from a single school, which limits how far the findings can be
generalized. These constraints do not weaken the validity and practicality results, which rest on expert and user
judgments rather than on comparison between groups. They do mean that the size of the change in science
process skills should be read as descriptive until a controlled trial is conducted.

4. CONCLUSION

This study developed a practicum e-module on rotational dynamics that integrates Phyphox experiments
with rule-based feedback tied to science process skill indicators. The e-module met the validity criterion, with an
expert score of 88.72% in the very valid category. It also met the practicality criterion, with a student mean of
4.13 (82.65%) in the practical category. Ease of use, material and learning, and rule-based feedback were rated
very practical, while practical work with Phyphox and science process skills received the lowest ratings. Mean
science process skill scores rose from 30.97 to 77.09, a statistically significant change with a moderate
normalized gain of 0.67 and a large effect size of 0.82. The change concentrated in identifying variables,
designing experiments, and analysing data. The three research questions are thus answered: the e-module is
valid, it is practical, and its use was accompanied by a substantial change in the skills most closely tied to
measurement. The study contributes to physics education research in three ways. It combines Phyphox, rule-
based feedback, and an e-module in a single instructional product, three elements that previous studies had
treated separately. It applies Phyphox to rotational dynamics, a topic that smartphone-sensor activities have
rarely addressed, by using the gyroscope to record angular velocity directly. It derives each feedback rule from a
science process skill indicator, so that feedback responds to how students obtained a result and not only to the
result itself. It also shows that sensor data from real physical motion, rather than simulation output, can be the
material through which science process skills are practised. These contributions are particularly relevant to
Indonesian schools where laboratory equipment is limited. The e-module thus offers a model for returning
experimental work to physics lessons under ordinary classroom conditions. Further research should test the e-
module against a comparison group, preferably in a randomized or quasi-experimental design. Such a design
would allow the change in science process skills to be attributed to the e-module with more confidence than the
present design permits. A trial lasting at least one semester would also show whether the skills are retained and
transferred to other topics. Studies in several schools would indicate whether the results hold beyond a single
class. The e-module itself should add tasks that give students more practice in formulating hypotheses and
drawing conclusions. Analysis of the feedback records would show which rules students triggered most often
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and at which step. These steps would turn a valid and practical product into one whose contribution to science
process skills can be measured directly.
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