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INTRODUCTION

Physics education plays a vital role in helping students develop higher-order cognitive abilities, such
as critical thinking, problem-solving, and scientific reasoning. In the context of 21st-century learning,
students are expected not only to comprehend scientific ideas but also to use them to analyze real-
world phenomena (Ainia, 2020). However, international assessments such as PISA and TIMSS
indicate that students’ scientific reasoning and conceptual understanding remain relatively low,
particularly in developing countries (Hadi & Novaliyosi, 2019). This condition emphasizes the need
for more effective teaching approaches that promote deeper conceptual understanding and higher-
order thinking skills (Tasrif, 2023).

One of the fundamental topics in physics learning is mechanical energy, which includes kinetic
energy, potential energy, and the energy conservation concept. Despite its importance, students often
experience conceptual difficulties in understanding the relationships between these forms of energy,
particularly in connecting theoretical equations with real physical phenomena (Saputra et al., 2024).
Learning practices that are still dominated by lecture-based instruction and procedural problem-
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solving further limit students’ ability to develop meaningful understanding and scientific reasoning
skills.

Understanding mechanical energy concepts requires not only symbolic and mathematical reasoning
but also physical interaction with real-world phenomena. According to the embodied cognition
perspective, conceptual understanding develops more effectively when students physically interact
with objects and directly experience changes in motion, force, and energy (Desutter & Stieff, 2017).
Hands-on interaction enables students to connect abstract physics equations with observable
phenomena, thereby strengthening conceptual meaning and reducing misconceptions (Kotsis,
2026). In contrast, screen-based simulations may simplify physical processes and reduce students’
opportunities to engage in authentic experimental activities and direct manipulation of physical
variables during learning. Therefore, physical experimental systems such as the Arduino-based
elevator model can provide richer cognitive experiences that support deeper scientific
understanding.

Previous studies have highlighted the value of inquiry-based and experimental learning in improving
students’ conceptual understanding and scientific reasoning skills. Learning environments that
involve direct experimentation allow students to observe, analyze, and interpret physical
phenomena, thereby strengthening their understanding of abstract concepts (Muchoyimah et al,
2020). In this context, the use of teaching aids and interactive media has been demonstrated to
increase student involvement and facilitate meaningful learning experiences.

The integration of technology, particularly microcontroller-based systems such as Arduino Uno,
provides new opportunities for developing interactive learning media. Arduino-based systems
enable real-time data acquisition and visualization, allowing students to connect theoretical concepts
with empirical data obtained during experiments (Jafar et al., 2024). Such technology-supported
learning environments align with the principles of multimedia learning, where user interaction, real-
time feedback, and usability play essential roles in enhancing learning effectiveness.

Scientific reasoning skills are essential in physics learning as they enable students to analyze data,
interpret relationships between variables, and draw evidence-based conclusions. According to
Antika et al. (2022), scientific reasoning consists of several indicators. However, this study focuses
on two key indicators: control of variables (CV) and hypothetical-deductive reasoning (HDR). The
control of variables (CV) indicator reflects students’ ability to design fair experiments by
manipulating one variable while keeping others constant. Meanwhile, hypothetical-deductive
reasoning (HDR) refers to the ability to formulate hypotheses, test them through experimentation,
and draw conclusions based on empirical data. These indicators are widely used to assess students’
scientific reasoning in experimental learning contexts (Fawaiz et al., 2020).

Despite the growing integration of technology in physics education, existing studies primarily focus
on improving conceptual understanding or general learning outcomes, while the explicit
development of specific scientific reasoning indicators is often overlooked (Bao & Koenig, 2019). In
particular, there is still limited research that effectively integrates interactive learning media with
real-time data visualization to support control of variables and hypothetical-deductive reasoning in
physics learning, as many existing simulation-based environments tend to promote oversimplified
and algorithmic reasoning processes.

Therefore, the use of a physical elevator system in this study was intended to provide students with
opportunities to directly manipulate experimental variables such as mass and height while observing
real-time changes in motion and energy (Jian, 2022). This hands-on interaction supports the control
of variables (CV) process more effectively than screen-based simulations because students can
directly manipulate variables, obtain first-hand experimental data, and experience authentic physical
feedback during experimentation (Shao et al, 2024). Furthermore, direct experimentation
encourages students to formulate hypotheses, test predictions through observation and
experimentation, and evaluate empirical outcomes during the learning process (Rodrigues & Gomes,
2020).

Consequently, there is still limited research that effectively integrates interactive learning media
with real-time data visualization to support control of variables and hypothetical-deductive
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reasoning in physics learning, although interactive simulations and video analysis have been shown
to enhance students’ understanding and engagement in data-driven learning (Hockicko et al., 2015).
This circumstance emphasizes the necessity of interactive learning media that integrate
experimental activities with real-time data visualization and user interaction, as technology-based
tools enable students to observe and analyze experimental data in real time and enhance engagement
(Hendri et al., 2025). Arduino-based systems offer a practical and accessible solution for creating
such learning environments, as they enable real-time data acquisition, sensor-based measurement,
and interactive control, while also supporting visualization and hands-on learning (Rodriguez &
Cuesta, 2021).

To ensure the quality of the developed media, feasibility evaluation is required, particularly in terms
of content, media design, technical aspects, and learning support, as validation by content and media
experts is essential to guarantee both pedagogical and technical quality (Hingmane & Rahmadonna,
2025). In addition, students’ responses to the developed learning media are also important to
evaluate its usability and effectiveness, as user experience has been found to be a crucial element
affecting both learning outcomes and the intention to use digital educational tools (Rohles et al,
2022). These responses reflect key aspects of user experience, including attractiveness, ease of use,
usefulness, and learning motivation, which are essential determinants of students’ engagement and
interaction with technology-based learning environments (Badr et al, 2024). Specifically,
attractiveness plays a role in capturing students’ attention and interest, ease of use is closely related
to usability and determines how efficiently learners can interact with the system, usefulness reflects
students’ perceptions of the benefits of the media in supporting their learning, and motivation
indicates the extent to which the media encourages active participation and sustained engagement
in the learning process.

Therefore, this study aims to develop an Arduino-based interactive learning media using a physical
elevator system for mechanical energy learning. Unlike conventional simulation-based learning
environments, the developed system allows students to directly manipulate experimental variables
such as mass and height while observing real-time changes in motion and energy. The integration of
hands-on experimentation and real-time data visualization is expected to support students’ scientific
reasoning skills, particularly in terms of control of variables (CV) and hypothetical-deductive
reasoning (HDR), as suggested in previous studies on experimental-based science learning (Asrizal
et al, 2023). In addition, this study evaluates the feasibility, reliability, and effectiveness of the
developed learning media, as well as students’ responses toward its implementation in physics
learning.

METHODS
Research Design

This study employed a Research and Development (R&D) method to develop an Arduino-based
interactive learning media using an elevator system for mechanical energy learning, as R&D is widely
used to develop and validate educational products (Sugiyono, 2013). As a methodical approach to
instructional design, the development process adhered to the ADDIE model proposed by Branch
(2009), which consists of analysis, design, development, implementation, and evaluation. Figure 1
shows the steps of the ADDIE model utilized in this investigation.
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Figure 1. ADDIE Model

Participants

The participants of this study consisted of 26 tenth-grade students from SMAN 11 Kota Bengkulu
who were selected using purposive sampling. The selected class had not yet formally studied
mechanical energy concepts; however, the students had previously learned prerequisite concepts
such as measurement, units, and unit conversion, which were considered essential for conducting
experimental activities and interpreting physical variables during learning. These prerequisite skills
were particularly important in supporting the development of scientific reasoning indicators, namely
control of variables (CV) and hypothetical-deductive reasoning (HDR). The implementation was
conducted in one meeting consisting of three instructional periods (3 x 45 minutes) during the
second semester of the 2026 /2027 academic year using an inquiry-based learning approach. During
the learning process, students were engaged in inquiry activities such as formulating predictions,
manipulating variables, conducting experiments, observing real-time data, and drawing conclusions
based on empirical findings.

Instrumentation

The instruments used in this study consisted of a scientific reasoning test, validation sheets, and
student response questionnaires. The scientific reasoning test was designed in a two-tier multiple-
choice format, which allows for the assessment of both students’ answers and their underlying
reasoning, making it more effective in identifying students’ scientific reasoning skills (Rahmaniasan
etal., 2022).

The scientific reasoning test was developed based on control of variables (CV) and hypothetical-
deductive reasoning (HDR), as presented in Table 1.

Table 1. Scientific Reasoning Indicator

Indicator Description
Control of Variables (CV) Ability to design fair experiments by controlling
variables
Hypothetical-Deductive Reasoning (HDR)  Ability to formulate hypotheses, test them, and
draw conclusions

Each item in the two-tier multiple-choice test was scored based on both the correctness of the answer
and the appropriateness of the reasoning, with the following criteria: score 2 for correct answer and
correct reasoning, score 1 for correct answer but incorrect reasoning, and score 0 for incorrect
answer.

The student response surveys and validation sheets were developed using a four-point Likert scale
to ensure clear and decisive responses without a neutral option (Zahro et al., 2017). All instruments
were validated through expert judgment to ensure content validity. In addition, the reliability of the
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scientific reasoning test was analyzed using Cronbach’s alpha coefficient to determine its internal
consistency (Ghazali, 2018).

Procedures and time frame
The study followed the ADDIE stages:

1. Analysis: Identification of learning problems and students’ needs through literature review,
classroom observations, and needs analysis questionnaires. The analysis focused on students’
difficulties in understanding mechanical energy concepts, the availability of experimental
tools, and the need for interactive media to support data-driven learning.

2. Design: Development of the system design, including hardware and software architecture of
the Arduino-based elevator system, experimental procedures, and learning activities. At this
stage, research instruments were also designed, including validation sheets, student response
questionnaires, and two-tier multiple-choice tests to measure scientific reasoning skills.

3. Development: Construction of the Arduino-based interactive learning media through
component assembly, system programming, and functional testing. Experts validated the
developed product in terms of content, media design, and technical aspects, followed by
revisions based on expert feedback to ensure its feasibility.

4. Implementation: The developed media was implemented in classroom learning through a
pretest-posttest design. Students conducted experiments using the elevator system in groups,
observed changes in mechanical energy, and recorded data. The implementation included
pretest, learning activities, and posttest to measure improvements in scientific reasoning skills.

5. Evaluation: Evaluation was conducted through both formative and summative approaches.
Formative evaluation involved expert validation during the development stage, while
summative evaluation included analysis of students’ learning outcomes and responses to
evaluate the developed learning media's usefulness and effectiveness.

Analysis plan
Feasibility Analysis
To evaluate the feasibility of the developed educational materials. The feasibility of the Arduino-

based interactive learning media was analyzed using expert validation data. The validation scores
obtained from experts were calculated using percentage analysis:
Obtained Score

Validation Score Percentage = - X 100%
Maximum Score

Since the instrument used a four-point Likert scale with 16 items, the minimum possible percentage
corresponds to 25% and the maximum to 100%. The results were interpreted using the standards
listed in Table 2.

Table 2. Validation Results Criteria (Sahlan, 2022)

Criteria Percentage
Not Feasible 25%-43.75%
Less Feasible 43.76%-62.50%
Feasible 62.51%-81.25%
Very Feasible 81.26%-100%

Effectiveness Analysis

To examine the effectiveness of the developed learning media in improving students' scientific
reasoning skills, pretest and posttest data were analyzed using results obtained from a two-tier
multiple-choice test. The test measured two indicators of scientific reasoning, namely control of
variables (CV) and hypothetical-deductive reasoning (HDR). Students’ responses were scored based
on both the correctness of the answer and the appropriateness of the reasoning, with the following
criteria: score 2 for correct answer and correct reasoning, score 1 for correct answer but incorrect
reasoning, and score 0 for incorrect answer. The enhancement of students' scientific reasoning skills
was calculated using the N-Gain formula:
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N _ (Post — Pre)
Gain ™ (S.Maks — Pre)

The N-Gain values were classified into different levels of improvement based on the criteria
presented in Table 3.

Table 3. N-Gain Interpretation Criteria (Saadah et al., 2025)

N-Gain (g) Interpretation
g=0.7 High

03<g<0.7 Medium
g<0.3 Low

Student Response Analysis

To analyze students’ responses toward the developed learning media, the data were obtained from
a student response survey using a four-point Likert scale. The questionnaire measured several
aspects, including attractiveness, usability, usefulness, learning support, scientific reasoning support,
and learning motivation. Each item was scored using the following criteria: Strongly agree receives a
score of 4, agree receives a score of 3, disagree receives a score of 2, and strongly disagree receives a
score of 1. The students’ response scores were calculated using percentage analysis:

Obtained Score

Validation Score Percentage = - X 100%
Maximum Score

The percentage results were interpreted based on predefined criteria, as presented in Table 4.
Although the interpretation uses a 0-100% scale, the minimum possible percentage in this study is
25% due to the use of a four-point Likert scale with 12 items.

Table 4. Student Response Interpretation Criteria (Sahlan, 2022)

Percentage Interpretation
25%-43.75% Very Poor
43.76%-62.50% Poor
62.51%-81.25% Good
81.26%-100% Very Good

This analysis was used to determine students’ perceptions of the developed learning media in terms
of usability, attractiveness, and how well it supports the process of learning.

Scope and limitations of the methodology

This study focused on the development and implementation of an Arduino-based interactive learning
media for mechanical energy learning. The measurement of learning outcomes was limited to
students’ scientific reasoning skills, particularly control of variables (CV) and hypothetical-deductive
reasoning (HDR). The investigation was carried out in a single class using a purposive sampling
technique, which may limit the generalizability of the findings. In addition, the implementation was
carried out in a limited time frame, which may not fully capture long-term learning effects.
Furthermore, the effectiveness of the learning media was measured using a two-tier multiple-choice
test, focusing on cognitive aspects and not fully representing affective and psychomotor domains.

RESULTS AND DISCUSSION
Results

Needs Analysis Results

The results of the needs analysis were obtained using a four-point Likert scale and converted into
percentage values based on the ratio between the obtained score and the maximum possible score.
The interpretation was carried out using percentage criteria to determine the level of each aspect.
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The findings show that the learning condition reached 73.91%, categorized as moderate, reflecting
that instruction is still relatively conventional. The availability of learning media reached 77.17%
(high), suggesting that learning facilities are available but not yet optimally utilized.

Students’ difficulties in understanding mechanical energy were reflected in a score of 70.11%
(moderate), while data literacy reached 63.04% (moderate), indicating limited ability in interpreting
experimental data.

In addition, students’ experience in scientific reasoning activities reached 75.00% (moderate),
suggesting limited engagement in inquiry-based learning. The highest score was observed in the
need for interactive learning media (87.68%), categorized as high, highlighting a strong demand for
more interactive and experiment-based learning tools.

Product Development Results

The design stage involves selecting and specifying the hardware components required to develop the
learning media. The list of tools and materials used in this study is presented in Table 5.

Table 5. Hardware Components and Specifications

No. Components and Materials Quantity Specifications
1 Arduino 1 Arduino Uno R3
2 LCD +I12C Module 1 20 x 4
3 Load Cell Sensor 1 5 kg capacity
4 Acrylic (Elevator Frame) 1 Elevator frame set
5 NEMA 17 Stepper Motor 1 12V
6 Push Button 2 Normally Open (NO) type
7 Switch 1 Normally Open (NO) type
8 Jumper Wires As needed Male to Female
9 Mini Breadboard 1 400 tie-points
10 Power Adapter 1 12V

In the development stage, the design that had been prepared was realized into a functional product.
This stage focused on assembling the hardware components, developing the system program, and
conducting testing and refinement until the learning media operated properly and was ready for
classroom use. To support the assembly process, the specifications of the components used are
presented in Table 5.

The Arduino-based interactive learning media using an elevator system was successfully developed
to support the learning of mechanical energy concepts. The system is designed to provide an
interactive and experiment-based learning experience by allowing students to directly observe
physical quantities such as mass and height.

The developed system consists of integrated hardware and software components. The hardware
includes a load cell sensor for measuring mass, a stepper motor for controlling vertical motion, and
an LCD for displaying real-time data. Meanwhile, the software was designed to process sensor data,
control the movement of the elevator system, and display relevant information, enabling real-time
communication between the system and the user. The operational flow of the system is illustrated in
Figure 2.
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Figure 2. System Operation Flowchart

In the design stage, the Arduino Uno-based elevator learning media was designed to visualize
concepts in mechanical energy. The development process began with constructing the elevator frame
using acrylic material. The main components used in this design include a NEMA 17 stepper motor,
a 5 kg load cell sensor, an Arduino Uno, and a 20x4 [2C LCD. These components were arranged and
integrated into the elevator structure according to the planned system design.

The electronic circuit was developed by connecting the load cell sensor to an HX711 module for mass
data acquisition. In addition, the stepper motor was connected to an A4988 motor driver, which was
controlled by the Arduino to enable vertical movement of the elevator. The 20x4 [2C LCD was
installed to display real-time experimental data, such as mass and system status.

After the hardware assembly, the software was developed using the Arduino IDE. The program was
designed to read data from the load cell sensor, control the stepper motor movement based on user
input from the Up and Down buttons, and display real-time measurement results on the LCD.

An elevator-based learning system was developed using a NEMA 17 stepper motor to move the
elevator cabin vertically through four experimental height levels. The total elevator height was
designed to be 1 meter, consisting of four observation levels with 20 cm intervals, while the
remaining lower section was allocated for load cell placement. Elevator movement was controlled
through push buttons, where each button press corresponded to a specific height level. During the
experiment, students could directly observe the elevator position, object mass, and travel time
displayed in real time through the LCD interface.

To support system operation, the Arduino Uno program controlled the stepper motor movement,
processed load cell sensor data, calculated displacement based on motor steps, and continuously
updated experimental information on the LCD interface. Mass measurements were obtained using a
load cell sensor connected to the HX711 module, while height displacement was generated through
the calibrated rotation of the stepper motor system. However, variations in pulley diameter caused
by rope winding could produce slight inconsistencies in the automatic height displacement system.
Therefore, a measurement scale attached to the elevator frame was used as the primary reference
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for students when recording experimental height data, allowing more accurate observations during
learning activities.

Through this system, students were able to obtain the physical variables required to calculate
mechanical energy, namely mass, height, and travel time. Potential energy was calculated using the
equation:

E, = mgh
while kinetic energy was determined using:
1
Ey = - mv?
k=5 my

(Aliaslafti et al., 2019)

where the velocity value was obtained from the ratio between vertical displacement and travel time.
Mechanical energy was then determined by summing the potential and kinetic energy values. Since
the system utilized gram and centimeter units, students were required to perform unit conversion
into kilograms and meters before calculating the energy values.

Real-time visualization of mass, height, and travel time through the LCD interface enabled students
to immediately observe how changes in variables influenced the resulting mechanical energy
calculations during the experiment. This immediate feedback supported students in controlling
variables, interpreting measurements, testing predictions, and evaluating empirical results during
inquiry-based learning activities (Hsiao et al., 2017).

Based on the flowchart in Figure 2, the system begins with the initialization of all components. The
load cell sensor measures the mass of the load, and the measured value is processed and displayed
on the LCD. When the user presses the Up or Down button, the system responds by activating the
stepper motor to move the elevator accordingly. After the movement, the system updates and
displays the new measurement value on the LCD, indicating continuous interaction between the
sensor, control system, and output display. The physical appearance of the developed learning media
is presented in Figure 3.

/ﬁ“ _ , NEMA17
n Stepper Motor

|

— Elevator Frame

Down Push Button

(Move Down)
LCD Display
On/Off Switch [
L,";-&..‘fg-——b Load Cell Sensor
Up Push Button W
(Move Up) . .

\_Y_l

Power Adapter
(Power Supply)

Figure 3. Arduino Based Elevator Learning Media

To evaluate the performance of the measurement system, load cell testing was conducted using
several variations of mass. The results are presented in Table 6.
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Table 6. Load Cell Accuracy Test Results

No Mass Trials Average Error
(8) 1 2 3 (%)

1 147 149 149 149 149 1.361

2 295 298 298 298 298 1.017

3 443 447 447 447 447 0.903

The results show that the load cell sensor produced consistent measurements across all trials,
indicating good precision. A slight deviation was observed between the measured and actual values,
with differences ranging from 2 to 4 g. The measurement error ranged from 0.90% to 1.36%,
indicating a low level of deviation. Since potential energy is determined by mass, gravitational
acceleration, and height (E;, = mgh) small deviations in mass produced only minor differences in
the calculated energy values. Considering that the maximum deviation was only 2-4 g, the resulting
effect on students’ mechanical energy calculations was relatively small and did not significantly alter
the interpretation of experimental results. Therefore, the load cell measurements were considered
sufficiently accurate for educational purposes, particularly in helping students observe trends in
potential energy and mechanical energy changes during experimentation. These findings suggest
that the developed system provides sufficient measurement accuracy to support experimental-based
learning activities, although minor deviations may still occur due to calibration limitations and
mechanical factors within the system.

Implementation Results

The developed learning media was implemented in classroom learning activities to support students’
understanding of mechanical energy concepts. The learning process was conducted using a guided
inquiry approach, where students were actively involved in observing the system, conducting
experiments by varying mass and height, recording data, and analyzing the relationships between
variables.

These activities allowed students to directly explore the concepts of potential energy, kinetic energy,
and mechanical energy through hands-on experience. The implementation of the developed media
in the learning process is presented in Figure 4.

o

w9

“ L) P
{ llnTrmmrlmmnmm‘i

Figure 4. Student Activities Using the Elevator Learning Media
Feasibility Results

Three knowledgeable validators assessed the developed learning media’s feasibility based on several
aspects, including material feasibility, media design, technical aspects, learning support, and
scientific reasoning support. The results of the feasibility evaluation are presented in Table 7.

Table 7. Feasibility Evaluation Results by Aspect

Aspect Percentage Category
Material Feasibility 94.4% Very Feasible
Media Feasibility 95.8% Very Feasible
Technical Feasibility 95.8% Very Feasible
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Aspect Percentage Category
Learning Support 88.9% Very Feasible
Scientific Reasoning Support 91.7% Very Feasible
General Feasibility 100% Very Feasible

This shows that the developed learning media meets the required standards in terms of content
quality, media design, technical performance, and its ability to support learning and scientific
reasoning. To provide a clearer overview of the consistency among validators, the overall feasibility
scores from each validator are summarized in Table 8.

Table 8. Feasibility Score from Each Validator

Validator Percentage Category
Validator 1 98.44% Very Feasible
Validator 2 85.94% Very Feasible
Validator 3 96.88% Very Feasible
Average 93.75% Very Feasible

The results in Table 8 show that all validators consistently rated the developed learning media in the
“very feasible” category. Although slight variations are observed among validators, the overall scores
indicate a high level of agreement, confirming the reliability of the feasibility evaluation.

The validation process involved assessments of content suitability, media design, technical
functionality, and usability aspects of the developed learning media. Several suggestions provided by
the validators were used to improve the final product before implementation. One important revision
concerned the measurement of elevator height during system operation. Validators noted that
variations in pulley diameter caused by rope winding could affect the consistency of the stepper
motor displacement at different height levels. To improve measurement accuracy during
experiments, a measurement scale was attached directly to the elevator frame and used as the
primary reference for recording height data during learning activities. This revision helped ensure
that students obtained more accurate experimental measurements when calculating mechanical
energy variables.

Instrument Reliability Results

The reliability of the scientific reasoning test was evaluated using Cronbach's alpha to ascertain the
instrument's internal consistency. The test consisted of two indicators, namely control of variables
(CV) and hypothetical-deductive reasoning (HDR), with each indicator represented by four items.
The reliability results for each indicator are presented in Table 9.

Table 9. Instrument Reliability Results

Indicator Items Cronbach’s Alpha Category
Control of Variables (CV) 1-4 0.539 Moderate
Hypothetical-Deductive Reasoning (HDR)  5-8 0.502 Moderate

The results indicate that both indicators achieved moderate reliability levels. Although the
Cronbach’s alpha values were below the commonly recommended threshold of 0.70, these findings
should be interpreted cautiously because each indicator consisted of only four items and was
designed to measure complex scientific reasoning skills through a two-tier multiple-choice format.
In exploratory educational research and small-scale instrument development studies, moderate
reliability values may still provide useful information for evaluating learning outcomes and
identifying students’ reasoning patterns (Taber, 2018). Therefore, the reliability results in this study
indicate moderate internal consistency, while also reflecting limitations related to the small number
of items within each indicator.

Effectiveness Results

The effectiveness of the developed learning media in improving students’ scientific reasoning skills
was analyzed using pretest and posttest data obtained from a two-tier multiple-choice test.
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Table 10. N-Gain by Indicator

Indicator N-Gain Category
Control of Variables (CV) 0.95 High
Hypothetical-Deductive Reasoning (HDR)  0.73 High

The results indicate that both indicators of scientific reasoning skills experienced a high level of
improvement after the use of the developed learning media. The improvement was more pronounced
in the control of variables (CV) indicator compared to hypothetical-deductive reasoning (HDR).

To provide a more detailed overview of students’ learning improvement, descriptive statistical
analysis of the pretest and posttest scores was conducted. The results are presented in Table 11.

Table 11. Descriptive Statistics

Test N Mean SD Min Max
Pretest 26 32.38 13.58 8 58
Posttest 26 88.31 9.56 67 100

Prior to conducting the paired-sample t-test, a normality test was performed on the difference scores
between pretest and posttest using the Shapiro-Wilk test because it is considered more appropriate
for studies involving small sample sizes, particularly fewer than 50 participants (Mishra etal., 2019).
Since this study involved 26 students, the Shapiro-Wilk test was selected to examine the normality
of the difference scores. The results indicated that the difference scores were normally distributed
(p =0.103 > 0.05). Therefore, a paired-sample t-test was conducted to determine the significance of
the difference between students’ pretest and posttest scores. The results of the paired-sample t-test
are presented in Table 12.

Table 12. Paired-Sample t-Test Results

Variable t-value  Degrees Sig. Interpretation
of Freedom (2-tailed)
Pretest-Posttest  19.08 25 <0.001 Significant

The paired-sample t-test results revealed a statistically significant difference between the pretest
and posttest scores (t = 19.08, p < 0.001). This finding indicates a significant increase in students’
scientific reasoning scores following the implementation of the developed Arduino-based interactive
learning media. Consistent with these results, the descriptive statistics presented in Table 11 showed
that the mean pretest score was 32.38 (SD = 13.58), whereas the mean posttest score increased to
88.31 (SD = 9.56). These findings suggest that students demonstrated higher scientific reasoning
performance after participating in the learning activities using the developed media in mechanical
energy learning.

Student Response Results

Students’ responses toward the developed learning media were collected using a Likert-scale
questionnaire covering several aspects, including motivational engagement, instructional usability,
and conceptual understanding and scientific reasoning.

Table 13. Student Response Results

Aspect Percentage Category

Motivational Engagement 94.7% Very Good
Instructional Usability 95.7% Very Good

Conceptual Understanding and Scientific Reasoning 93.5% Very Good
Average 94.6% Very Good

The results indicate that students showed a highly positive response toward the developed learning
media across all evaluated aspects. Overall, the findings suggest that the media is well-received and
supports an engaging and user-friendly learning experience.
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Discussion

The findings of this study indicate that students’ learning experiences in physics are still dominated
by conventional methods, which limits their conceptual understanding. The needs analysis revealed
that lecture-based instruction is still prevalent, making it challenging for students to understand
complex topics. This result is in line with other studies that have shown that the absence of hands-
on activities can hinder students’ conceptual understanding (Liu & Fang, 2023).

In terms of learning facilities, although the availability of learning media is relatively high, it has not
been optimally utilized in classroom activities. This suggests that the issue in physics learning is not
only the availability of tools but also how they are effectively integrated into the learning process, as
highlighted in previous studies on technology integration in education (Hasas et al., 2024).

Students’ difficulties in understanding mechanical energy concepts further confirm that conceptual
learning challenges still exist. These results align with previous findings that limited experimental
activities contribute to low conceptual understanding of energy concepts (Tong et al., 2025).
Similarly, students’ data literacy skills were found to be moderate, indicating that students still
struggle to interpret experimental data such as graphs and tables. This is in line with Rahmawati et
al. (2021), who emphasize that direct involvement in experiments can improve students’ data
interpretation skills.

The limited experience in scientific reasoning activities also indicates that students are rarely
engaged in inquiry-based learning processes. Previous studies highlight that experimental-based
learning plays an important role in developing scientific reasoning skills (Kavitha & Joshith, 2024).

The high demand for interactive learning media suggests that students need more engaging and
experiment-based learning environments. This supports previous research indicating that students’
motivation and conceptual comprehension may be improved by technology-based learning
resources (Halawa, 2024).

In relation to the first research objective, the feasibility results indicate that the developed learning
media is categorized as very feasible across content, media design, and technical aspects. This
demonstrates that the media meets the required standards for classroom implementation and is
suitable for supporting experimental learning activities. Furthermore, the results of the development
stage show that the developed learning media has good accuracy and reliability, making it suitable
for use in experimental learning activities.

In relation to the second research objective, the effectiveness results demonstrate a notable
enhancement in students’ scientific reasoning skills, particularly in terms of control of variables (CV)
and hypothetical-deductive reasoning (HDR). This indicates that hands-on experiments combined
with real-time data can support meaningful learning experiences, as supported by previous studies
showing that technology-integrated learning can enhance students’ understanding and engagement
(Nurqualbiah et al., 2024).

The improvement in hypothetical-deductive reasoning (HDR) can be explained by the learning
activities facilitated through the Arduino-based elevator system. During the experiment, students
were encouraged to formulate predictions about how changes in mass and height would affect
mechanical energy and elevator motion before conducting the experiment. Students then tested
these predictions by directly manipulating variables and observing real-time experimental outcomes
displayed by the system. This process allowed students to compare their initial hypotheses with
empirical evidence, evaluate inconsistencies, and revise their reasoning based on observed results.
Such iterative experimentation and evidence-based evaluation are essential components of
hypothetical-deductive reasoning in physics learning (Thacker, 2023).

The higher N-Gain score in the control of variables (CV) indicator compared to hypothetical-
deductive reasoning (HDR) may be related to the nature of the learning activities conducted during
the experiment. Through the developed elevator system, students were directly involved in
manipulating observable variables such as mass and height while maintaining other variables
constant during experimentation. Repeated hands-on activities, combined with real-time
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visualization of mass, height, and travel time enabled students to immediately observe how changes
in variables influenced the resulting mechanical energy calculations. This immediate feedback helped
students identify relationships between variables more easily and supported the development of
variable control skills.

In contrast, hypothetical-deductive reasoning involves more complex cognitive processes, such as
generating hypotheses, predicting outcomes, and evaluating evidence through deductive thinking
(Kalinowski & Pelakh, 2024). Although the inquiry-based learning activities facilitated these
processes, the limited implementation time may have reduced students’ opportunities to engage in
deeper reflection and hypothesis evaluation. As a result, the learning activities implemented in this
study appeared to provide stronger support for the development of control of variables skills than
hypothetical-deductive reasoning skills.

Overall, these findings confirm that integrating interactive technology with experimental learning
activities can effectively improve both students’ conceptual understanding and scientific reasoning
skills, while also receiving positive responses from students. These results reinforce previous
research findings and highlight the potential of Arduino-based interactive learning media as an
effective tool in physics education.

Implications

The findings of this study imply that the use of Arduino-based interactive learning media can serve
as an effective alternative to conventional physics instruction. The integration of real-time data and
hands-on experimental activities can enhance students’ engagement and support the development
of scientific reasoning skills.

This study also highlights the importance of incorporating inquiry-based learning approaches
supported by technology to create more meaningful and student-centered learning environments,
particularly in abstract topics such as mechanical energy.

Research Contribution

This study contributes to physics education by developing an Arduino-based elevator learning media
that integrates real-time data measurement with experimental activities. Unlike previous studies
that mainly focus on conceptual understanding, this research specifically emphasizes the
improvement of scientific reasoning skills, particularly in the indicators of control of variables (CV)
and hypothetical-deductive reasoning (HDR).

In addition, this study provides empirical evidence that combining interactive media with inquiry-
based learning can effectively enhance students’ scientific reasoning skills in experimental physics
learning.

Limitations

This study has several limitations. First, the research was conducted in a single class, which may limit
the generalizability of the findings. Second, the implementation was carried out within a limited
duration, which may not fully reflect long-term learning outcomes. Third, the developed system still
has minor measurement limitations due to calibration and mechanical factors.

Suggestions

Future research is recommended to involve a larger sample size and a longer implementation period
to obtain more comprehensive results. Further studies may also improve the mechanical design and
sensor calibration to enhance measurement accuracy.

In addition, future development can expand this type of learning media to other physics topics or
integrate it with more advanced technologies to further improve interactivity and learning
effectiveness.

CONCLUSION
This study successfully developed an Arduino-based interactive learning media using an elevator

system for mechanical energy learning. The developed media was categorized as very feasible, with
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an average validation score of 93.75%, indicating that the system met the required standards in
terms of content quality, media design, technical performance, and learning support. The
implementation results showed an increase in students’ scientific reasoning scores following the use
of the developed learning media, as indicated by the increase in the mean score from 32.38 in the
pretest to 88.31 in the posttest, with an overall N-Gain score in the high category. The paired-sample
t-test further confirmed a statistically significant difference between pretest and posttest scores (t =
19.08, p < 0.001).

The improvement in scientific reasoning skills was particularly observed in the indicators of control
of variables (CV) and hypothetical-deductive reasoning (HDR), with the control of variables indicator
showing a higher level of improvement. The integration of hands-on experimentation, real-time data
visualization, and inquiry-based learning activities enabled students to directly manipulate variables,
observe experimental outcomes, and evaluate empirical evidence during the learning process.

In addition, students showed highly positive responses toward the developed learning media, with
an average response percentage of 94.6%, indicating that the media was engaging, useful, and easy
to use in physics learning. These findings suggest that the developed media may serve as an effective
alternative for supporting meaningful and experimental-based physics learning, particularly in
developing students’ scientific reasoning skills in mechanical energy topics.
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