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PREFACE 

 

Dear readers, we are delighted to serve you Volume 08, Issue 01 of International 

Journal of Applied Sciences and Smart Technologies (IJASST), which is managed and 

published by the Faculty of Science and Technology, Universitas Sanata Dharma. IJASST 

is an open-access peer-reviewed journal that mediates the dissemination of research and 

studies conducted by academicians, researchers, and practitioners in science, engineering, 

and technology. Its scope also includes basic sciences which relate to technology, such as 

applied mathematics, physics, and chemistry. 

In this edition, we have sixteen papers authored by researchers from Indonesia, 

Bangladesh, India, Malaysia, and Africa. Submitted papers are reviewed fairly using the 

open journal system (OJS) of IJASST. After the review process, accepted papers of the 

journal are publicly available for free at the website of IJASST. For future issues, we are 

looking forward to your contributions to IJASST. 
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Abstract 
The effective science education requires practical methods that allow students to explore 

complex physics concepts. One promising approach is the use of physics experiment as an 

interactive media. This research focuses on the development of water rocket launcher using 

an Arduino as an innovative physics experiment. Arduino in water rocket launcher is used 

for making the precise control and relevant measurement of variables, such as angle of 

projection, speed of launch, maximum altitude of launch, and air pressure. The research 

process followed the ADDIE instructional design model and involved hardware, software 

prototyping, work testing, and user instruction. The launcher’s performance was tested with 

33 engineering students and assessed by 5 experts. Expert evaluations rated the relevance, 

design, and usability of the kit highly (3.4–4.0 on a 4-point Likert scale). User responses from 

33 students indicated strong agreement on ease of use and engagement (mean scores 3.79–

3.91), with a high reliability (Cronbach’s alpha = .964). Experimental launches, using three 

and four finned rockets, showed maximum height percentage differences between theoretical 

and observed values ranging from 0.0%–52.6% (three fins) and 1.2%–51.8% (four fins); 

range errors were 3.4%–36.8% (three fins) and 2.1%–42.7% (four fins). The findings confirm 

that the Arduino-based water rocket launcher provides effective, interactive learning, though 

further refinement in data accuracy and instructional materials is recommended to maximize 

its classroom impact and is needed for improved accuracy. 

 

Keywords: Arduino, Experiment, Launcher, Water Rocket. 

 

1 Introduction 

Science, Technology, Engineering, and Mathematics (STEM) education is widely 

recognized as a key driver for developing problem-solving ability, creativity, and 21st-

http://creativecommons.org/licenses/by/4.0/
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century skills among students [1], [2], [3]. Project-based and hands-on learning, 

especially in physics, has been found to increase student engagement, conceptual 

understanding, and scientific interest [3], [4]. However, in many educational settings, 

barriers such as limited resources and teacher readiness can restrict the adoption of 

innovative practical activities [5]. 

Integrating microcontroller platforms, such as Arduino, into physics classrooms 

enables students to automate experiments, collect real-time data, and connect abstract 

concepts with tangible projects [6]. Reviews and systematic studies confirm that Arduino-

based activities help bridge theory with practice, enhance computational thinking, and 

support the development of engineering skills [1], [6]. Water rocket experiments, in 

particular, are effective for teaching core topics like Newton’s laws, the action-reaction 

principle, air pressure [7], momentum, and projectile motion, all while enhancing 

motivation and inquiry-based learning [3], [4]. 

Despite these benefits, implementing Arduino-enhanced practical physics projects 

on a broad scale requires consideration of curriculum integration, teacher training, and 

equitable access to technology [5].  To answer that problem, the research needs to 

consider the technical aspects of developing a water rocket launcher, including optimal 

hardware and software design. In addition, the research should also determine whether 

the water rocket launcher is properly made by comparing the launch data with theoretical 

data. Thus, this study aims to design, build, and evaluate an Arduino-based water rocket 

launcher as an engaging physics teaching tool, assessing its impact on student 

understanding and motivation in physics learning. 

1.1 Principles of STEM and Project-Based Learning 

STEM education is grounded in the integration of science, technology, engineering, 

and mathematics, aiming to equip students with skills for problem-solving, inquiry, and 

innovation [1], [2]. Project-based learning (PBL), a cornerstone of effective STEM 

teaching, encourages students to engage deeply with content by designing, constructing, 

and evaluating tangible products or solutions [4]. Research shows that PBL promotes 

higher-order thinking and increases students’ motivation for learning science concepts 

[3]. 
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The successful implementation of technological tools like Arduino within STEM 

education demands not only adequate resources but also teacher readiness and effective 

curriculum integration [5]. Professional development and support help educators design 

learning experiences where technology is not an add-on but an essential part of the 

investigation and discovery process. 

1.2 Physics of Water Rocket 

Water rocket experiments are an accessible means to teach principles of mechanics, 

specifically Newton’s laws of motion, conservation of momentum, and projectile motion. 

When the rocket is launched, expelling water downwards due to the pressurized air 

creates an upward thrust as described by Newton’s third law. The motion of the rocket 

after launch demonstrates projectile motion, where the range and maximum height can be 

mathematically described using classical equations: 

𝑅 =
𝑣0

2 sin 2𝜃

𝑔
 

 

(1) 

where R is the range, v0 is the initial velocity, θ is the launch angle, and g is the 

acceleration due to gravity [4]. 

1.3 Water Rocket Launcher 

Project-based physics learning allows students to research, plan, design and reflect 

on the creation of their technology projects. This type of learning not only stimulates 

student creativity but also requires different assessments. Projects will provide 

information about students' understanding and knowledge of the learning process, their 

ability to apply knowledge, and their ability to communicate information. Recent research 

in this field has shown that the use of Arduino-based water rocket launchers can improve 

students' understanding of physics concepts. In addition, the use of this technology also 

stimulates students' interest in science and technology. This is particularly relevant in the 

face of modern educational challenges where students often struggle to understand 

abstract physics concepts [22]. 
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Figure 1. Development of water rocket launcher: (a) Parts of Arduino-based water rocket 

launcher and (b) Back view of the launcher. 

 

The components of the launcher are shown in Fig. 1. The main raw material of the 

kit is hollow aluminum pipe and 3 mm iron plates. Hollow pipe was cut into several 

pieces, then iron plates were cut into 20 × 20 cm size. Researcher also welded the hollow 

pipes into L-shape. After that researcher drills some hole for motor servo installation later, 

then welded iron plates to the hollow pipes and installed ball bearings between the plates. 

After the frame is fixed, researcher installed servo motors and the Arduino. The 

installation documentation is shown in Fig. 2. 

 

Figure 2. Frame assembly and installation 

 

(b) (a) 
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1.4 Arduino Installation and Coding 

Arduino is an open-source microcontroller platform, widely adopted for 

introducing automation, programming, and sensor data acquisition in classroom 

environments. Systematic reviews of classroom Arduino use show that it fosters the 

development of computational thinking, problem-solving, and scientific inquiry [6]. In 

STEM projects, Arduino provides a bridge between theoretical physics and practical 

application by allowing real-time measurement, control of system variables (such as 

launch angle or timing), and digital data logging [6]. 

As technology advances, the use of Arduino in the development of water rocket 

launchers has become increasingly popular. Arduino is an affordable and programmable 

hardware platform that can be used to control a wide variety of experimental tools, 

including water rocket launchers. With Arduino, teachers can program the device to 

measure physics parameters during the rocket launch, such as angular projection, 

velocity, altitude, and air pressure, so that students can see and analyze the experimental 

results directly [8]. 

The servo motor is controlled via Arduino Uno and Bluetooth module HC-05 (Fig. 

3). Researcher used Bluetooth HC-05 module, male to male cable, Arduino Uno, and a 

breadboard. The pins of HC-05 module are connected to the Arduino with the following 

configuration. 

• VCC : 5V 

• GND : GND 

• TXD : RXD 

• RXD : TX 

 

Figure 3. Arduino schemes 
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Then, researcher installed Arduino IDE from https://www.arduino.cc/en/software, 

connected Arduino cable to a laptop, and run the software. The following code is written 

to control the servo motor (Fig. 4). 

After the code is installed, researcher connected their phones to HC-05 module via 

Bluetooth, and control the Arduino using Arduino Controller apps. The rocket launcher 

then tested with two types of rockets, 3-fins rocket and 4-fins rocket as shown in Fig.5.  

 

Figure 4. Arduino codes 

 

 

Figure 5. Three-fins rocket and four-fins rocket 

 

Researchers compile the launch data in Table 1.

https://www.arduino.cc/en/software
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Table 1. Experimental data 

Number 

of fins 

Launch 

Angle 

(o) 

T 

(s) 

Powered 

flight 

time (s) 

Projectile 

flight 

time (s) 

Total 

distance/ 

x total 

(m) 

Air 

pressure 

(kPa) 

Nozzle 

diameter 

(m) 

Initial 

mass 

(kg) 

Final 

mass 

(kg) 

Ejected 

water 

mass 

(kg) 

Max 

height 

(m) 

3 15 0.82 0.01 0.82 7.4 250 0.012 0.52117 0.20777 0.3134 0.3 

3 30 0.92 0.02 0.9 14.35 300 0.014 0.52117 0.18443 0.33674 1.33 

3 45 1.24 0.04 1.2 20.86 250 0.016 0.52117 0.17131 0.34986 2.35 

3 60 1.5 0.05 1.45 13.51 210 0.018 0.52117 0.16988 0.35129 5.23 

3 75 1.69 0.07 1.62 10.34 200 0.02 0.52117 0.15933 0.36184 6.01 

3 90 1.87 0.09 1.78 2.52 150 0.024 0.52117 0.15142 0.36975 9.41 

4 15 0.68 0.01 0.67 10.15 350 0.012 1.00479 0.30036 0.70443 1.67 

4 30 0.77 0.02 0.75 18.13 300 0.014 1.00479 0.34658 0.65821 2.92 

4 45 1.15 0.04 1.11 23.1 250 0.016 1.00479 0.35958 0.64521 4.14 

4 60 1.44 0.06 1.38 15.58 210 0.018 1.00479 0.23772 0.76707 5.84 

4 75 1.66 0.08 1.58 12.96 200 0.02 1.00479 0.20513 0.79966 8.67 

4 90 1.95 0.12 1.83 3.79 150 0.024 1.00479 0.18248 0.82231 10.4 
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2 Material and Methods 

This research utilized the Research and Development (R&D) approach, adopting 

the ADDIE instructional design model, Analysis, Design, Development, Implementation, 

and Evaluation, as proposed by Dick and Carey in 1996 [9] and adapted widely in 

educational technology development [10], [11]. The ADDIE model provides a systematic 

and iterative process well-suited to producing effective educational materials and STEM 

kits [11]. 

To begin, the researchers conducted open-ended interviews with physics teachers 

to identify challenges and needs in conducting water rocket activities. The feedback 

highlighted practical difficulties in assembling launchers and the need for better 

alignment with learning objectives. As suggested by prior studies, gathering user input in 

the early stages supports relevant and effective instructional design [12]. Consequently, 

this research was undertaken to create an Arduino-based water rocket launcher so that 

teachers can focus more in the physical concepts rather than the launcher assembly itself. 

During the Design stage, the water rocket launcher was designed using 3D 

modelling software. Particular attention was paid to selecting low-cost, locally available 

components, ensuring affordability and ease of replication, an important consideration in 

educational kit design [13]. All parts were chosen based on quality, durability, and their 

suitability for educational use. Then in the Develop stage, a prototype of the kit was 

assembled. 

During the Implement stage, the prototype was pilot tested with 30 engineering 

students at Universitas Trisakti, Jakarta, Indonesia. Data collected for each launch angle 

(repeated 10 times) included air time, maximum distance, maximum height, air pressure, 

rocket nozzle diameter, initial rocket mass, and final rocket mass. Experiments were 

conducted using both three- and four-finned rockets to examine stability and 

performance, consistent with methodologies used in practical physics research [4]. 

In the final evaluation stage, experimental results were compared with theoretical 

calculations to assess the kit's effectiveness in demonstrating physics concepts and to 

identify discrepancies for further improvement. Iterative evaluation and refinement are 
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essential aspects of the ADDIE approach and are supported by best practices in 

instructional design [11], [12]. 

2.1 Development of Research Instrument 

Two self-developed questionnaires were used as primary research instruments. The 

first questionnaire was designed for expert assessment, aiming to evaluate the content 

accuracy, clarity, and alignment of the Arduino-based water rocket launcher with 

educational objectives. The second questionnaire targeted end-users (students), focusing 

on their attitudes and satisfaction with the kit's usability and learning value. Both 

questionnaires employed twelve statements rated on a four-point Likert scale, ranging 

from "strongly disagree" to "strongly agree," allowing participants to express their level 

of agreement with each item [14]. 

2.2 Validity and Reliability 

Content validity was established through expert review: two lecturers in science 

education and two experienced physics teachers examined the questionnaire drafts for 

completeness, accuracy, and item clarity. Their feedback was used to revise ambiguous 

or redundant items, following established guidance for instrument validation [15]. 

Cronbach’s alpha was utilized to assess internal consistency as a measure of 

reliability. The experts’ questionnaire yielded a Cronbach’s alpha of .513, indicating 

weak internal consistency and suggesting that items may assess somewhat different 

constructs or lack coherence [16]. This result should be interpreted with caution; further 

item refinement or expansion may be warranted. In contrast, the user attitude 

questionnaire demonstrated excellent reliability with a Cronbach’s alpha of .964, well 

above the commonly accepted threshold of .7, indicating strong internal consistency and 

repeatability among items. Together, these steps help ensure that the research instruments 

are credible for evaluating both expert perspectives and end-user experiences in the 

context of educational kit development. 

 

2.3 Data Collection Procedure 

2.3.1 Target Respondents 

To ensure participants were appropriately qualified to address the research 

objectives, the expert questionnaire was distributed to university lecturers in Indonesia 



 

    
 

 

 
 
 

 
248 

 

  

Putri et.al., IJASST, Volume 08, Issue 01, 2026 

who specialize in fundamental physics and mechanical engineering, particularly those 

involved with experimental topics such as water rocket investigations. These experts were 

selected from departments known to support and engage with the Arduino-based water 

rocket launcher, ensuring the feedback was grounded in relevant technical and 

pedagogical experience [17]. The user questionnaire was administered to students 

enrolled in fundamental physics courses within the mechanical engineering department 

at the same university. These students had recent hands-on experience with the Arduino-

based water rocket launcher developed for this research. 

2.3.2 Instrument Delivery and Collection 

For the user survey, the procedure was as follows: Researchers collaborated with 

faculty within the engineering faculty to identify relevant departments and courses where 

fundamental physics experiments are taught. Course lecturers were briefed about the 

developed water rocket launcher and its intended educational use. The demonstration of 

the tool was conducted as part of a laboratory experiment. After participating in the 

experiment, students were invited to complete the user questionnaire. For the expert 

evaluation, five lecturers across different subject areas relating to tool development and 

mechanical engineering were individually contacted and invited to review and test the 

educational kit. They then completed the expert questionnaire provided by the research 

team. 

2.3.3 Responding Rate 

A total of 5 expert questionnaires and 35 user questionnaires were distributed. All 

5 experts responded (100% response rate), and 33 out of 35 students completed the user 

questionnaire, resulting in a response rate of approximately 94%. These response rates 

are considered high and support the credibility of the dataset [18]. 

2.3.4 Respondents’ Professional Background 

The five expert respondents were experienced lecturers teaching subjects associated 

with industrial automation, materials engineering, machine construction, applied physics, 

and fluid mechanics. The 33 student participants were undergraduates enrolled in a 

fundamental physics course within the mechanical engineering department, ensuring 

familiarity with both the subject matter and the experimental apparatus. 
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2.3.5 Statistical Analysis 

All responses were analyzed using IBM SPSS Statistics version 22.0. Cronbach’s 

alpha was first calculated to assess the internal consistency of the instruments. Descriptive 

statistics (means and standard deviations) were then computed to summarize participant 

perceptions of the Arduino-based water rocket launcher and to identify strengths and 

areas for improvement. Where appropriate, inferential tests such as independent-samples 

t-tests were used to examine group differences in perception or satisfaction, following 

standard practice in educational evaluation research [19]. 

 

3 Results and Discussions 

Expert Evaluation of Arduino-based Water Rocket Launcher 

Experts provided high ratings for the launcher kit across multiple dimensions, with 

mean scores ranging from 3.80 to 4.00 out of 4.00 (Table 2). All respondents agreed that 

the kit aligns well with key physics concepts, supports project-based learning, and can be 

safely and effectively utilized in the classroom with minimal teacher supervision. 

Each item was rated by experts on a four-point Likert scale:  

4 = Strongly agree, 3 = Agree, 2 = Disagree, 1 = Strongly disagree. 

 

Table 2. Expert evaluation of arduino-based water rocket launcher 

No Factors 
Mean 

Score 

1 The launcher kit aligns well with physics concepts (e.g., Newton’s 

Laws, projectile motion). 

4.00 

2 The launcher kit content is appropriate for the intended educational 

level. 

3.80 

3 The experiment reflects real-world physics principles accurately. 3.80 

4 The design and materials of the launcher are appropriate for school 

use. 

4.00 

5 The Arduino programming is relevant and effectively supports the 

experiment. 

4.00 
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No Factors 
Mean 

Score 

6 The Bluetooth control system operates reliably and enhances 

interactivity. 

4.00 

7 The launcher kit helps students understand complex concepts in a 

simple and engaging way. 

4.00 

8 The launcher kit supports student-centered, project-based learning 

methods. 

3.80 

9 The launcher kit encourages students’ curiosity and scientific 

thinking. 

4.00 

10 The launcher kit is safe for classroom/laboratory use with minimal 

risk. 

3.40 

11 Instructions for assembling and operating the launcher kit are clear 

and easy to follow. 

4.00 

12 The launcher kit can be used with minimal teacher supervision. 4.00 

 

User Evaluation on Arduino-based Water Rocket Launcher 

As shown in Table 3, user ratings for the Arduino-based water rocket launcher were 

consistently high across all measured factors, with mean scores generally above 3.8 (on a 

4-point Likert scale). Respondents agreed that the kit was easy to use, enhanced 

engagement through Bluetooth control, and helped clarify important physics concepts 

such as the relationship between launch angle, pressure, and projectile motion. Most 

participants indicated that the activity fostered critical thinking, made lessons feel more 

"real" and hands-on, and increased their interest in physics and technology.  

 

Each item was rated by experts on a four-point Likert scale: 

4 = Strongly agree, 3 = Agree, 2 = Disagree, 1 = Strongly disagree. 
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Table 3. User evaluation on arduino-based water rocket launcher 

No. Factors 
Mean 

Score 

1 The launcher kit is easy to set up and operate. 3.85 

2 The Bluetooth control makes launching the rocket more engaging. 3.85 

3 I am able to control the launcher’s angle and timing easily. 3.79 

4 The instructions are easy to understand. 3.85 

5 The activity helps me understand physics concepts better. 3.91 

6 Using the launcher kit makes the physics lesson more enjoyable. 3.91 

7 I now have a better understanding of how angle and pressure 

affect projectile motion. 
3.79 

8 This activity encourages me to think critically and experiment 

more. 
3.82 

9 I enjoy learning physics using this launcher kit. 3.85 

10 I would recommend this activity to others learning physics. 3.82 

11 This experiment makes me more interested in physics and 

technology. 
3.85 

12 The launcher kit makes the lesson feel more real and hands-on. 3.88 

 

3.1 Discussions 

Experts Recommendations 

Expert evaluations highlighted that the utilization of Arduino as the primary 

controller was appropriate for facilitating interactive physics experiments, as it simplifies 

measurement and allows for reproducible trials, an advantage well documented in 

literature on technology-enhanced science learning [6]. However, experts emphasized the 

need to further enhance data accuracy through well-defined sensor calibration procedures, 

particularly for the pressure and angle sensors. Incorporating calibration steps and 

validating measurements against standardized reference instruments, such as a certified 

manometer, are essential to ensuring the reliability of experimental data [20]. 

In addition, experts recommended explicit documentation of safety operating 

procedures (SOP), including the use of personal protective equipment (PPE), maintaining 
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a safe distance, and installing protective barriers during launches. Refining the launcher’s 

structural stability, through a stronger support base or reinforced framework, was also 

suggested to improve operational safety and consistency. 

Enhancements in user experience and data management were among the 

suggestions, specifically the development of a simple graphical user interface (GUI) using 

platforms such as Processing or web-based dashboards to monitor real-time parameters 

like pressure and angle. Automated data storage to SD cards or cloud-based systems was 

recommended to facilitate subsequent data analysis and reporting. 

Documentation emerged as a priority; experts urged the inclusion of comprehensive 

Arduino schematic diagrams, complete source code, and a detailed component list in 

supplemental materials. Providing an accessible user manual would also allow for the 

tool’s replication and wider adoption in other educational settings [13]. 

To further strengthen the instructional value, experts recommended a more rigorous 

theoretical framework, utilizing equations of projectile motion and fluid dynamics to 

model the rocket’s behavior. Direct comparison of experimental outcomes with 

theoretical predictions would offer students deeper insight into the physical principles at 

play and promote higher-order analytical skills. 

User Feedback 

User responses were overwhelmingly positive. Students consistently reported that 

the Arduino-based water rocket launcher was engaging, easy to operate, and effective in 

clarifying physics concepts through hands-on investigation. Many respondents expressed 

increased motivation and interest in physics and technology and viewed the tool as highly 

beneficial for active learning in engineering education. Several users suggested 

maintaining or expanding the deployment of this tool, with some proposing commercial 

development for broader educational access. 

Direct comments highlighted that the activity made abstract physics concepts feel 

more tangible and enjoyable, and that the launcher contributed positively to both their 

learning and classroom experience. No significant negative feedback or suggestions for 

major improvements were recorded, indicating a strong alignment of the tool with student 

expectations and educational needs. 
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Launch Result and Comparison with Theoretical Value 

To evaluate the performance of the Arduino-based launcher and analyze its 

educational effectiveness, researchers compared empirical launch data with theoretical 

predictions. Due to the brevity of the rocket’s powered flight phase, a simplified model 

was employed: the mass flow rate (ṁ) was first calculated using the nozzle area, the 

water density, and the internal bottle pressure, following Sutton & Biblarz [20]: 

ṁ = CdA√2ρP (2) 

where: 

ṁ is the mass flow rate (kg/s) 

Cd is the discharge coefficient (average is 0.7) 

A is the cross-sectional area of the nozzle (m²) 

𝜌 is the density of water (approximately 1000 kg/m³) 

P is the pressure inside the bottle (Pa) 

The exhaust velocity of the water leaving the rocket nozzle was approximated using 

Bernoulli's equation: 

ve = √
2(Pin × Pout)

ρ
 

 

(3) 

where: 

Pin is the pressure inside the bottle 

Pout is the pressure of air outside the bottle 

ρ is the density of water. 

Total thrust (T) is then calculated as: 

T = ṁve (4) 

where: 

ṁ is the mass flow rate. 

ve is the exhaust velocity. 

The initial velocity v0 is derived using the thrust and the duration of the powered flight. 

v0 =
T × tpowered

mi
 (5) 

where: 
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T is the thrust. 

tpowered is the powered flight time 

mi is the initial mass of the rocket. 

For the ballistic (unpowered) phase, standard projectile motion equations give maximum 

height (hmax) and range (R) [21]: 

Hmax = Hpowered +
v0

 2 sin2(θ)

2g
 

 

 (6) 

R = Dpowered +
v0

 2 sin(2θ)

g
 

 

(7) 

Given the short-powered flight time, the rocket's initial velocity and subsequent 

projectile motion can be approximated without detailed integration. According to the 

mentioned equations, the theoretical value compared to the experimental value of 

maximum height and total distance are as following. 

For maximum height, the percentage difference between experimental and 

theoretical values for the three-finned rocket ranged from 0.0% to 52.6%, whereas for the 

four-finned rocket, it ranged from 1.2% to 51.8%. In terms of total distance (range), the 

percentage differences for the three-finned rocket ranged from 3.4% to 36.8%, and for 

the four-finned rocket from 2.1% to 42.7%, excluding cases where the theoretical value 

was zero (vertical launches at 90°, for which the theoretical range is always zero and the 

percentage difference is undefined). 

These variations can be attributed to multiple factors, including experimental 

limitations, air resistance, minor inconsistencies in rocket construction, or deviations in 

the discharge coefficient from assumed values. Researchers use the average value 0.7 for 

discharge coefficient due to the limitations of apparatus, while the actual number may 

vary from 3-fins rocket to 4-fins rockets (Table 4). Another possible cause that causes the 

difference is the flaw in the rocket design itself, with flaws which make it not following 

projectile trajectory. 

Larger discrepancies, exceeding 50% in some height comparisons, often occurred 

at lower or intermediate launch angles, which may reflect measurement errors, 

environmental influences, or instability during flight. Nonetheless, the data generally 

demonstrate reasonable agreement between theoretical models and empirical outcomes, 
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underscoring the kit’s value as a practical, inquiry-based learning tool. The inclusion of 

quantitative error analysis not only deepens students’ understanding of the underlying 

physics but also highlights the importance of critical thinking and iterative improvement 

in experimental science [4], [20]. 

Table 4. Comparison between experimental and theoretical data 

Number 

of Fins 

Launch 

Angle 

(°) 

Experimental Theoretical 

Maximum 

Height  

(m) 

Total 

Distance 

(m) 

Maximum 

Height  

(m) 

Total 

Distance 

(m) 

3 15 0.30 7.40 0.30 5.63 

3 30 1.33 14.35 2.70 22.39 

3 45 2.35 20.86 4.96 23.39 

3 60 5.23 13.51 6.65 17.19 

3 75 6.01 10.34 8.58 10.08 

3 90 9.41 2.52 8.30 0.00 

4 15 1.67 10.15 1.10 17.71 

4 30 2.92 18.13 2.46 23.01 

4 45 4.14 23.10 4.46 21.42 

4 60 5.84 15.56 7.72 22.08 

4 75 8.67 12.96 10.25 13.24 

4 90 10.40 3.79 10.53 0.00 

 

4 Conclusions 

The development and evaluation of an Arduino-based water rocket launcher 

demonstrated both strong feasibility and educational value. Quantitative comparisons 

showed that, while some measurement discrepancies exist due to real-world factors, the 

experimental results broadly align with theoretical predictions, providing a sound basis 

for experiential physics education. Expert assessments confirmed that the tool is 

pedagogically effective, technologically robust, and safe for classroom and laboratory 
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use, while user feedback underscored its positive impact on student engagement, 

motivation, and conceptual understanding. 

In summary, the Arduino-based water rocket launcher offers a replicable, scalable, 

and impactful solution for introducing project-based STEM learning. Continued 

development should focus on enhancing data accuracy, safety, and supporting materials 

to maximize its educational potential. Broader implementation may contribute to 

improved science learning outcomes and increased student interest in physics and 

engineering disciplines. 
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Reviewer #A 

No. Komentar Tanggapan 

1. Abstrak: 
 
Silakan nyatakan tujuan penelitian 
dalam Abstrak. 
 
 
 

Kami telah merevisi abstrak untuk 
memastikan bahwa abstrak tersebut 
mencakup semua elemen yang diperlukan 
dan melengkapinya dengan manyatakan 
tujuan dalam penelitian. 
 
Berikut narasinya: 
The effective science education requires 
practical methods that allow students to 
explore complex physics concepts. One 
promising approach is the use of physics 
experiment as an interactive media. This 
research focuses on the development of 
water rocket launcher using an Arduino as an 
innovative physics experiment. The purpose 
of this study is to develop and test an 
Arduino-based automated water rocket 
launcher with optimized angle control and 
improved measurement accuracy for physics 
learning. Arduino in water rocket launcher is 
used for making the precise control and 
relevant measurement of variables, such as 
angle of projection, speed of launch, 
maximum altitude of launch, and air 
pressure. The research process followed the 
ADDIE instructional design model and 
involved hardware, software prototyping, 
work testing, and user instruction. The 
launcher’s performance was tested with 33 
engineering students and assessed by 5 
experts. Expert evaluations rated the 
relevance, design, and usability of the kit 
highly (3.4–4.0 on a 4-point Likert scale). 
User responses from 33 students indicated 
strong agreement on ease of use and 
engagement (mean scores 3.79–3.91), with a 
high reliability (Cronbach’s alpha = .964). 
Experimental launches, using three and four 
finned rockets, showed maximum height 



percentage differences between theoretical 
and observed values ranging from 0.0%–
52.6% (three fins) and 1.2%–51.8% (four 
fins); range errors were 3.4%–36.8% (three 
fins) and 2.1%–42.7% (four fins). The 
findings confirm that the Arduino-based 
water rocket launcher provides effective, 
interactive learning, though further 
refinement in data accuracy and instructional 
materials is recommended to maximize its 
classroom impact and is needed for 
improved accuracy. 
 

2. Pendahuluan: 
 
 
§ Gambar 3, 4, dan 5 harus 

disebutkan secara eksplisit dalam 
teks setidaknya sekali untuk 
masing-masingnya. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Kami juga telah merevisi bagian 
pendahuluan ini dengan menambahkan 
pembahasan yang eksplisit pada masing-
masing Gambar 3, 4 dan 5. 
  
Berikut narasinya pada Gambar 3: 
Figure 3 illustrates the control system circuit 
used in the Arduino-based automatic water 
rocket launcher. This configuration 
integrates an Arduino Uno, an HC-05 
Bluetooth module, and a servo motor 
responsible for adjusting the launch angle 
[24]. In this system, the HC-05 serves as a 
wireless communication interface that 
enables the Arduino to receive commands 
from external devices, such as smartphones, 
with the following pin configuration: 
VCC: 5V 
GND: GND 
TXD: RXD 
RXD: TX 
The components are connected using male-
to-male jumper wires through a breadboard 
to ensure circuit stability. The HC-05 is 
powered through the Arduino’s 5V pin, 
while the GND pin functions as a common 
ground. Serial communication between the 
HC-05 and the Arduino is performed using a 
cross-connection, where the module’s TXD 
pin is connected to the Arduino’s RXD pin, 
and the module’s RXD pin is connected to 
the Arduino’s TXD pin. This signal 
exchange method ensures accurate data 
input and output processes. Through this 
configuration, the Arduino is able to process 
wireless commands and control the servo 
motor with high angular precision. The 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

circuit provides a reliable control 
mechanism suitable for physics experiments 
requiring accurate launch-angle adjustments 
and real-time data processing [23]. 
 
Berikut narasinya pada Gambar 4: 
In Figure 4, the researchers present the main 
control code used to operate two servo 
motors via an Arduino Uno platform. The 
program employs the Servo.h library to 
generate 50 Hz PWM signals required for 
positioning the actuators. In the setup() 
function, each servo is bound to a dedicated 
digital pin, while the serial port is initialized 
at 9600 baud to receive commands from the 
HC-05 bluetooth module [24]. The loop() 
function operates as an interrupt-free 
command parser. The Arduino continuously 
monitors the serial buffer and extracts 
single-character instructions. The characters 
‘u’ and ‘d’ adjust the angle variable of the 
first servo axis, whereas ‘l’ and ‘r’ modify 
the second axis. Angle variations are 
computed incrementally and constrained 
within the 0–90° operational range using the 
constrain() function to prevent mechanical 
overshoot. After boundary validation, the 
write() command transmits the appropriate 
PWM signal to the servos, resulting in the 
corresponding physical rotation [25]. 
This code design provides responsive and 
stable closed loop command execution and 
ensures compatibility with short range 
wireless communication through the HC-05 
module. The approach aligns with best 
practices in embedded system design and 
microcontroller-based actuator control 
commonly implemented in STEM education 
experiments and simple automation devices. 
 
Berikut narasinya pada Gambar 5: 
In figure 5 presents the two rocket 
configurations used during the performance 
evaluation of the automated launcher: a 
three-fin model and a four-fin model. These 
configurations were selected to compare the 
aerodynamic stability resulting from 
different fin counts, as fin geometry 
significantly influences flight behavior, 
including lift generation, drag profile, and 



 
§ Tabel 2 dan 4 harus disebutkan 

secara eksplisit dalam teks 
setidaknya sekali untuk masing-
masingnya. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

passive stability during ascent. The use of 
varied fin designs enables systematic 
observation of launcher performance under 
differing aerodynamic loads, which is 
consistent with prior studies emphasizing the 
role of fin number and layout in improving 
flight stability in small-scale experimental 
rockets [26]. 
 
Kami juga telah merevisi bagian 
pendahuluan ini dengan menambahkan 
pembahasan yang eksplisit pada masing-
masing Tabel 2 dan 4. 
 
Berikut narasinya pada Tabel 2: 
As shown in Table 2 summarizes the expert 
evaluation of the Arduino based water rocket 
launcher using a four point Likert scale. 
Overall, the experts assigned consistently 
high ratings, with mean scores ranging from 
3.80 to 4.00, indicating that the launcher kit 
meets the essential criteria for instructional 
use in physics education. The highest-rated 
aspects include the alignment with core 
physics concepts, the appropriateness of the 
design and materials, the reliability of the 
Arduino programming, and the performance 
of the Bluetooth control system, each 
receiving a perfect score of 4.00. The experts 
also noted that the kit effectively supports 
project-based learning, facilitates the 
understanding of complex concepts, and 
promotes students’ scientific curiosity. The 
lowest rating (3.40) was associated with 
safety considerations for laboratory use, 
suggesting that additional enhancements to 
protective mechanisms and safety 
instructions may further improve its 
classroom readiness. Overall, the experts 
concluded that the launcher kit is safe, 
pedagogically relevant, and can be used 
effectively with minimal teacher 
supervision. 
 
Berikut narasinya pada Tabel 4: 
As outlined in the Table 4 for maximum 
height, the percentage difference between 
experimental and theoretical values for the 
three-finned rocket ranged from 0.0% to 
52.6%, whereas for the four-finned rocket, it 



 
 
 
 
 
 
 
 
 
 

§ Mengenai persamaan (6) dan (7), 
jelaskan apa arti Hpowered dan 
Dpowered. 
 

 
 

ranged from 1.2% to 51.8%. In terms of total 
distance (range), the percentage differences 
for the three-finned rocket ranged from 3.4% 
to 36.8%, and for the four-finned rocket from 
2.1% to 42.7%, excluding cases where the 
theoretical value was zero (vertical launches 
at 90°, for which the theoretical range is 
always zero and the percentage difference is 
undefined). 
These variations can be attributed to multiple 
factors, including experimental limitations, 
air resistance, minor inconsistencies in 
rocket construction, or deviations in the 
discharge coefficient from assumed values. 
Researchers use the average value 0.7 for 
discharge coefficient due to the limitations of 
apparatus, while the actual number may vary 
from 3-fins rocket to 4-fins rockets. Another 
possible cause that causes the difference is 
the flaw in the rocket design itself, with 
flaws which make it not following projectile 
trajectory. 
 
 
Kami juga telah merevisi bagian 
pendahuluan ini dengan menjelaskan apa arti 
Hpowered dan Dpowered pada persamaan 6 
dan 7. 
 
Berikut narasinya: 
where: 
𝐻!"#$%$& is the initial vertical displacement 
generated by the engine thrust/pressure. 
 
𝐷!"#$%$& the initial horizontal displacement 
generated by the engine thrust/pressure. 
 

4. Kesimpulan: 
 
§ Sebutkan batasan penelitian ini 

dalam Kesimpulan. 

Kami telah merevisi naskah dengan 
mencantumkan batasan penelitian pada 
section kesimpulan. 
 
Berikut narasinya:  
However, this study has several limitations. 
The accuracy of the sensors was still 
influenced by vibrations and pressure 
fluctuations that were difficult to control, 
and the field measurement conditions 
introduced variations in the results that were 
not fully replicable. In addition, the physical 
models employed in the analysis relied on 



idealized assumptions, which do not entirely 
capture the complexity of fluid dynamics 
and aerodynamics in real-scale water 
rockets. 
 

5. SANGAT PENTING: 
 
Beberapa bagian tulisan terdeteksi 
sebagai tulisan AI. Periksa file 
terlampir dan revisi bagian tersebut 
jika diambil dari 
alat AI. 
 

Kami telah merevisi naskah dengan 
mengecek keseluruhan tulisan yang 
dimungkinkan terdeteksi AI 
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No. Komentar Tanggapan 

1. Hasil dan Pembahasan: 
 
Terdapat keterbatasan, terutama 
dalam akurasi data, validasi, dan 
skalabilitas. Diperlukan perbaikan di 
masa depan seperti sensor yang 
dikalibrasi, pencatatan data otomatis, 
dokumentasi yang ditingkatkan, dan 
pengujian yang lebih luas di berbagai 
lingkungan pendidikan. 
 
 
 

Kami telah merevisi naskah dengan 
mencantumkan batasan penelitian pada 
section kesimpulan. 
 
Berikut narasinya:  
However, this study has several limitations. 
The accuracy of the sensors was still 
influenced by vibrations and pressure 
fluctuations that were difficult to control, 
and the field measurement conditions 
introduced variations in the results that were 
not fully replicable. In addition, the physical 
models employed in the analysis relied on 
idealized assumptions, which do not entirely 
capture the complexity of fluid dynamics 
and aerodynamics in real-scale water 
rockets. 
 

2. Daftar Pustaka: 

Disarankan untuk mengutip 
setidaknya satu artikel lagi dari 
IJASST 

Kami telah merevisi naskah dengan 
mensitasi 1 artikel yang berasal dari IJASST. 
 
Berikut narasinya: 
Enhancements in user experience and data 
management were among the suggestions, 
specifically the development of a simple 
graphical user interface (GUI) using 
platforms such as Processing or web-based 
dashboards to monitor real-time parameters 
like pressure and angle. Automated data 
storage to SD cards or cloud-based systems 
was recommended to facilitate subsequent 
data analysis and reporting [27]. 
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Abstract 
The effective science education requires practical methods that allow students to explore 

complex physics concepts. One promising approach is the use of physics experiment as an 

interactive media. This research focuses on the development of water rocket launcher using 

an Arduino as an innovative physics experiment. Arduino in water rocket launcher is used 

for making the precise control and relevant measurement of variables, such as angle of 

projection, speed of launch, maximum altitude of launch, and air pressure. The research 

process followed the ADDIE instructional design model and involved hardware, software 

prototyping, work testing, and user instruction. The launcher’s performance was tested with 

33 engineering students and assessed by 5 experts. Expert evaluations rated the relevance, 

design, and usability of the kit highly (3.4–4.0 on a 4-point Likert scale). User responses from 

33 students indicated strong agreement on ease of use and engagement (mean scores 3.79–

3.91), with a high reliability (Cronbach’s alpha = .964). Experimental launches, using three 

and four finned rockets, showed maximum height percentage differences between theoretical 

and observed values ranging from 0.0%–52.6% (three fins) and 1.2%–51.8% (four fins); 

range errors were 3.4%–36.8% (three fins) and 2.1%–42.7% (four fins). The findings confirm 

that the Arduino-based water rocket launcher provides effective, interactive learning, though 

further refinement in data accuracy and instructional materials is recommended to maximize 

its classroom impact and is needed for improved accuracy. 

 

Keywords: Arduino, Experiment, Launcher, Water Rocket. 

 

1 Introduction 

Science, Technology, Engineering, and Mathematics (STEM) education is widely 

recognized as a key driver for developing problem-solving ability, creativity, and 21st-
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century skills among students [1], [2], [3]. Project-based and hands-on learning, 

especially in physics, has been found to increase student engagement, conceptual 

understanding, and scientific interest [3], [4]. However, in many educational settings, 

barriers such as limited resources and teacher readiness can restrict the adoption of 

innovative practical activities [5]. 

Integrating microcontroller platforms, such as Arduino, into physics classrooms 

enables students to automate experiments, collect real-time data, and connect abstract 

concepts with tangible projects [6]. Reviews and systematic studies confirm that Arduino-

based activities help bridge theory with practice, enhance computational thinking, and 

support the development of engineering skills [1], [6]. Water rocket experiments, in 

particular, are effective for teaching core topics like Newton’s laws, the action-reaction 

principle, air pressure [7], momentum, and projectile motion, all while enhancing 

motivation and inquiry-based learning [3], [4]. 

Despite these benefits, implementing Arduino-enhanced practical physics projects 

on a broad scale requires consideration of curriculum integration, teacher training, and 

equitable access to technology [5].  To answer that problem, the research needs to 

consider the technical aspects of developing a water rocket launcher, including optimal 

hardware and software design. In addition, the research should also determine whether 

the water rocket launcher is properly made by comparing the launch data with theoretical 

data. Thus, this study aims to design, build, and evaluate an Arduino-based water rocket 

launcher as an engaging physics teaching tool, assessing its impact on student 

understanding and motivation in physics learning. 

1.1 Principles of STEM and Project-Based Learning 

STEM education is grounded in the integration of science, technology, engineering, 

and mathematics, aiming to equip students with skills for problem-solving, inquiry, and 

innovation [1], [2]. Project-based learning (PBL), a cornerstone of effective STEM 

teaching, encourages students to engage deeply with content by designing, constructing, 

and evaluating tangible products or solutions [4]. Research shows that PBL promotes 

higher-order thinking and increases students’ motivation for learning science concepts 

[3]. 

10

29

30

32

Page 7 of 27 - Integrity Submission Submission ID trn:oid:::3618:149594481

Page 7 of 27 - Integrity Submission Submission ID trn:oid:::3618:149594481



 

    
 

 

 
 
 

 
241 

 

  

Putri et.al., IJASST, Volume 08, Issue 01, 2026 

The successful implementation of technological tools like Arduino within STEM 

education demands not only adequate resources but also teacher readiness and effective 

curriculum integration [5]. Professional development and support help educators design 

learning experiences where technology is not an add-on but an essential part of the 

investigation and discovery process. 

1.2 Physics of Water Rocket 

Water rocket experiments are an accessible means to teach principles of mechanics, 

specifically Newton’s laws of motion, conservation of momentum, and projectile motion. 

When the rocket is launched, expelling water downwards due to the pressurized air 

creates an upward thrust as described by Newton’s third law. The motion of the rocket 

after launch demonstrates projectile motion, where the range and maximum height can be 

mathematically described using classical equations: 

𝑅 =
𝑣0

2 sin 2𝜃

𝑔
 

 

(1) 

where R is the range, v0 is the initial velocity, θ is the launch angle, and g is the 

acceleration due to gravity [4]. 

1.3 Water Rocket Launcher 

Project-based physics learning allows students to research, plan, design and reflect 

on the creation of their technology projects. This type of learning not only stimulates 

student creativity but also requires different assessments. Projects will provide 

information about students' understanding and knowledge of the learning process, their 

ability to apply knowledge, and their ability to communicate information. Recent research 

in this field has shown that the use of Arduino-based water rocket launchers can improve 

students' understanding of physics concepts. In addition, the use of this technology also 

stimulates students' interest in science and technology. This is particularly relevant in the 

face of modern educational challenges where students often struggle to understand 

abstract physics concepts [22]. 

14
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Figure 1. Development of water rocket launcher: (a) Parts of Arduino-based water rocket 

launcher and (b) Back view of the launcher. 

 

The components of the launcher are shown in Fig. 1. The main raw material of the 

kit is hollow aluminum pipe and 3 mm iron plates. Hollow pipe was cut into several 

pieces, then iron plates were cut into 20 × 20 cm size. Researcher also welded the hollow 

pipes into L-shape. After that researcher drills some hole for motor servo installation later, 

then welded iron plates to the hollow pipes and installed ball bearings between the plates. 

After the frame is fixed, researcher installed servo motors and the Arduino. The 

installation documentation is shown in Fig. 2. 

 

Figure 2. Frame assembly and installation 

 

(b) (a) 
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1.4 Arduino Installation and Coding 

Arduino is an open-source microcontroller platform, widely adopted for 

introducing automation, programming, and sensor data acquisition in classroom 

environments. Systematic reviews of classroom Arduino use show that it fosters the 

development of computational thinking, problem-solving, and scientific inquiry [6]. In 

STEM projects, Arduino provides a bridge between theoretical physics and practical 

application by allowing real-time measurement, control of system variables (such as 

launch angle or timing), and digital data logging [6]. 

As technology advances, the use of Arduino in the development of water rocket 

launchers has become increasingly popular. Arduino is an affordable and programmable 

hardware platform that can be used to control a wide variety of experimental tools, 

including water rocket launchers. With Arduino, teachers can program the device to 

measure physics parameters during the rocket launch, such as angular projection, 

velocity, altitude, and air pressure, so that students can see and analyze the experimental 

results directly [8]. 

The servo motor is controlled via Arduino Uno and Bluetooth module HC-05 (Fig. 

3). Researcher used Bluetooth HC-05 module, male to male cable, Arduino Uno, and a 

breadboard. The pins of HC-05 module are connected to the Arduino with the following 

configuration. 

• VCC : 5V 

• GND : GND 

• TXD : RXD 

• RXD : TX 

 

Figure 3. Arduino schemes 

6
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Then, researcher installed Arduino IDE from https://www.arduino.cc/en/software, 

connected Arduino cable to a laptop, and run the software. The following code is written 

to control the servo motor (Fig. 4). 

After the code is installed, researcher connected their phones to HC-05 module via 

Bluetooth, and control the Arduino using Arduino Controller apps. The rocket launcher 

then tested with two types of rockets, 3-fins rocket and 4-fins rocket as shown in Fig.5.  

 

Figure 4. Arduino codes 

 

 

Figure 5. Three-fins rocket and four-fins rocket 

 

Researchers compile the launch data in Table 1.

15
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Table 1. Experimental data 

Number 

of fins 

Launch 

Angle 

(o) 

T 

(s) 

Powered 

flight 

time (s) 

Projectile 

flight 

time (s) 

Total 

distance/ 

x total 

(m) 

Air 

pressure 

(kPa) 

Nozzle 

diameter 

(m) 

Initial 

mass 

(kg) 

Final 

mass 

(kg) 

Ejected 

water 

mass 

(kg) 

Max 

height 

(m) 

3 15 0.82 0.01 0.82 7.4 250 0.012 0.52117 0.20777 0.3134 0.3 

3 30 0.92 0.02 0.9 14.35 300 0.014 0.52117 0.18443 0.33674 1.33 

3 45 1.24 0.04 1.2 20.86 250 0.016 0.52117 0.17131 0.34986 2.35 

3 60 1.5 0.05 1.45 13.51 210 0.018 0.52117 0.16988 0.35129 5.23 

3 75 1.69 0.07 1.62 10.34 200 0.02 0.52117 0.15933 0.36184 6.01 

3 90 1.87 0.09 1.78 2.52 150 0.024 0.52117 0.15142 0.36975 9.41 

4 15 0.68 0.01 0.67 10.15 350 0.012 1.00479 0.30036 0.70443 1.67 

4 30 0.77 0.02 0.75 18.13 300 0.014 1.00479 0.34658 0.65821 2.92 

4 45 1.15 0.04 1.11 23.1 250 0.016 1.00479 0.35958 0.64521 4.14 

4 60 1.44 0.06 1.38 15.58 210 0.018 1.00479 0.23772 0.76707 5.84 

4 75 1.66 0.08 1.58 12.96 200 0.02 1.00479 0.20513 0.79966 8.67 

4 90 1.95 0.12 1.83 3.79 150 0.024 1.00479 0.18248 0.82231 10.4 

22

28
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2 Material and Methods 

This research utilized the Research and Development (R&D) approach, adopting 

the ADDIE instructional design model, Analysis, Design, Development, Implementation, 

and Evaluation, as proposed by Dick and Carey in 1996 [9] and adapted widely in 

educational technology development [10], [11]. The ADDIE model provides a systematic 

and iterative process well-suited to producing effective educational materials and STEM 

kits [11]. 

To begin, the researchers conducted open-ended interviews with physics teachers 

to identify challenges and needs in conducting water rocket activities. The feedback 

highlighted practical difficulties in assembling launchers and the need for better 

alignment with learning objectives. As suggested by prior studies, gathering user input in 

the early stages supports relevant and effective instructional design [12]. Consequently, 

this research was undertaken to create an Arduino-based water rocket launcher so that 

teachers can focus more in the physical concepts rather than the launcher assembly itself. 

During the Design stage, the water rocket launcher was designed using 3D 

modelling software. Particular attention was paid to selecting low-cost, locally available 

components, ensuring affordability and ease of replication, an important consideration in 

educational kit design [13]. All parts were chosen based on quality, durability, and their 

suitability for educational use. Then in the Develop stage, a prototype of the kit was 

assembled. 

During the Implement stage, the prototype was pilot tested with 30 engineering 

students at Universitas Trisakti, Jakarta, Indonesia. Data collected for each launch angle 

(repeated 10 times) included air time, maximum distance, maximum height, air pressure, 

rocket nozzle diameter, initial rocket mass, and final rocket mass. Experiments were 

conducted using both three- and four-finned rockets to examine stability and 

performance, consistent with methodologies used in practical physics research [4]. 

In the final evaluation stage, experimental results were compared with theoretical 

calculations to assess the kit's effectiveness in demonstrating physics concepts and to 

identify discrepancies for further improvement. Iterative evaluation and refinement are 

18
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essential aspects of the ADDIE approach and are supported by best practices in 

instructional design [11], [12]. 

2.1 Development of Research Instrument 

Two self-developed questionnaires were used as primary research instruments. The 

first questionnaire was designed for expert assessment, aiming to evaluate the content 

accuracy, clarity, and alignment of the Arduino-based water rocket launcher with 

educational objectives. The second questionnaire targeted end-users (students), focusing 

on their attitudes and satisfaction with the kit's usability and learning value. Both 

questionnaires employed twelve statements rated on a four-point Likert scale, ranging 

from "strongly disagree" to "strongly agree," allowing participants to express their level 

of agreement with each item [14]. 

2.2 Validity and Reliability 

Content validity was established through expert review: two lecturers in science 

education and two experienced physics teachers examined the questionnaire drafts for 

completeness, accuracy, and item clarity. Their feedback was used to revise ambiguous 

or redundant items, following established guidance for instrument validation [15]. 

Cronbach’s alpha was utilized to assess internal consistency as a measure of 

reliability. The experts’ questionnaire yielded a Cronbach’s alpha of .513, indicating 

weak internal consistency and suggesting that items may assess somewhat different 

constructs or lack coherence [16]. This result should be interpreted with caution; further 

item refinement or expansion may be warranted. In contrast, the user attitude 

questionnaire demonstrated excellent reliability with a Cronbach’s alpha of .964, well 

above the commonly accepted threshold of .7, indicating strong internal consistency and 

repeatability among items. Together, these steps help ensure that the research instruments 

are credible for evaluating both expert perspectives and end-user experiences in the 

context of educational kit development. 

 

2.3 Data Collection Procedure 

2.3.1 Target Respondents 

To ensure participants were appropriately qualified to address the research 

objectives, the expert questionnaire was distributed to university lecturers in Indonesia 

4
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who specialize in fundamental physics and mechanical engineering, particularly those 

involved with experimental topics such as water rocket investigations. These experts were 

selected from departments known to support and engage with the Arduino-based water 

rocket launcher, ensuring the feedback was grounded in relevant technical and 

pedagogical experience [17]. The user questionnaire was administered to students 

enrolled in fundamental physics courses within the mechanical engineering department 

at the same university. These students had recent hands-on experience with the Arduino-

based water rocket launcher developed for this research. 

2.3.2 Instrument Delivery and Collection 

For the user survey, the procedure was as follows: Researchers collaborated with 

faculty within the engineering faculty to identify relevant departments and courses where 

fundamental physics experiments are taught. Course lecturers were briefed about the 

developed water rocket launcher and its intended educational use. The demonstration of 

the tool was conducted as part of a laboratory experiment. After participating in the 

experiment, students were invited to complete the user questionnaire. For the expert 

evaluation, five lecturers across different subject areas relating to tool development and 

mechanical engineering were individually contacted and invited to review and test the 

educational kit. They then completed the expert questionnaire provided by the research 

team. 

2.3.3 Responding Rate 

A total of 5 expert questionnaires and 35 user questionnaires were distributed. All 

5 experts responded (100% response rate), and 33 out of 35 students completed the user 

questionnaire, resulting in a response rate of approximately 94%. These response rates 

are considered high and support the credibility of the dataset [18]. 

2.3.4 Respondents’ Professional Background 

The five expert respondents were experienced lecturers teaching subjects associated 

with industrial automation, materials engineering, machine construction, applied physics, 

and fluid mechanics. The 33 student participants were undergraduates enrolled in a 

fundamental physics course within the mechanical engineering department, ensuring 

familiarity with both the subject matter and the experimental apparatus. 
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2.3.5 Statistical Analysis 

All responses were analyzed using IBM SPSS Statistics version 22.0. Cronbach’s 

alpha was first calculated to assess the internal consistency of the instruments. Descriptive 

statistics (means and standard deviations) were then computed to summarize participant 

perceptions of the Arduino-based water rocket launcher and to identify strengths and 

areas for improvement. Where appropriate, inferential tests such as independent-samples 

t-tests were used to examine group differences in perception or satisfaction, following 

standard practice in educational evaluation research [19]. 

 

3 Results and Discussions 

Expert Evaluation of Arduino-based Water Rocket Launcher 

Experts provided high ratings for the launcher kit across multiple dimensions, with 

mean scores ranging from 3.80 to 4.00 out of 4.00 (Table 2). All respondents agreed that 

the kit aligns well with key physics concepts, supports project-based learning, and can be 

safely and effectively utilized in the classroom with minimal teacher supervision. 

Each item was rated by experts on a four-point Likert scale:  

4 = Strongly agree, 3 = Agree, 2 = Disagree, 1 = Strongly disagree. 

 

Table 2. Expert evaluation of arduino-based water rocket launcher 

No Factors 
Mean 

Score 

1 The launcher kit aligns well with physics concepts (e.g., Newton’s 

Laws, projectile motion). 

4.00 

2 The launcher kit content is appropriate for the intended educational 

level. 

3.80 

3 The experiment reflects real-world physics principles accurately. 3.80 

4 The design and materials of the launcher are appropriate for school 

use. 

4.00 

5 The Arduino programming is relevant and effectively supports the 

experiment. 

4.00 

3
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No Factors 
Mean 

Score 

6 The Bluetooth control system operates reliably and enhances 

interactivity. 

4.00 

7 The launcher kit helps students understand complex concepts in a 

simple and engaging way. 

4.00 

8 The launcher kit supports student-centered, project-based learning 

methods. 

3.80 

9 The launcher kit encourages students’ curiosity and scientific 

thinking. 

4.00 

10 The launcher kit is safe for classroom/laboratory use with minimal 

risk. 

3.40 

11 Instructions for assembling and operating the launcher kit are clear 

and easy to follow. 

4.00 

12 The launcher kit can be used with minimal teacher supervision. 4.00 

 

User Evaluation on Arduino-based Water Rocket Launcher 

As shown in Table 3, user ratings for the Arduino-based water rocket launcher were 

consistently high across all measured factors, with mean scores generally above 3.8 (on a 

4-point Likert scale). Respondents agreed that the kit was easy to use, enhanced 

engagement through Bluetooth control, and helped clarify important physics concepts 

such as the relationship between launch angle, pressure, and projectile motion. Most 

participants indicated that the activity fostered critical thinking, made lessons feel more 

"real" and hands-on, and increased their interest in physics and technology.  

 

Each item was rated by experts on a four-point Likert scale: 

4 = Strongly agree, 3 = Agree, 2 = Disagree, 1 = Strongly disagree. 
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Table 3. User evaluation on arduino-based water rocket launcher 

No. Factors 
Mean 

Score 

1 The launcher kit is easy to set up and operate. 3.85 

2 The Bluetooth control makes launching the rocket more engaging. 3.85 

3 I am able to control the launcher’s angle and timing easily. 3.79 

4 The instructions are easy to understand. 3.85 

5 The activity helps me understand physics concepts better. 3.91 

6 Using the launcher kit makes the physics lesson more enjoyable. 3.91 

7 I now have a better understanding of how angle and pressure 

affect projectile motion. 
3.79 

8 This activity encourages me to think critically and experiment 

more. 
3.82 

9 I enjoy learning physics using this launcher kit. 3.85 

10 I would recommend this activity to others learning physics. 3.82 

11 This experiment makes me more interested in physics and 

technology. 
3.85 

12 The launcher kit makes the lesson feel more real and hands-on. 3.88 

 

3.1 Discussions 

Experts Recommendations 

Expert evaluations highlighted that the utilization of Arduino as the primary 

controller was appropriate for facilitating interactive physics experiments, as it simplifies 

measurement and allows for reproducible trials, an advantage well documented in 

literature on technology-enhanced science learning [6]. However, experts emphasized the 

need to further enhance data accuracy through well-defined sensor calibration procedures, 

particularly for the pressure and angle sensors. Incorporating calibration steps and 

validating measurements against standardized reference instruments, such as a certified 

manometer, are essential to ensuring the reliability of experimental data [20]. 

In addition, experts recommended explicit documentation of safety operating 

procedures (SOP), including the use of personal protective equipment (PPE), maintaining 8
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a safe distance, and installing protective barriers during launches. Refining the launcher’s 

structural stability, through a stronger support base or reinforced framework, was also 

suggested to improve operational safety and consistency. 

Enhancements in user experience and data management were among the 

suggestions, specifically the development of a simple graphical user interface (GUI) using 

platforms such as Processing or web-based dashboards to monitor real-time parameters 

like pressure and angle. Automated data storage to SD cards or cloud-based systems was 

recommended to facilitate subsequent data analysis and reporting. 

Documentation emerged as a priority; experts urged the inclusion of comprehensive 

Arduino schematic diagrams, complete source code, and a detailed component list in 

supplemental materials. Providing an accessible user manual would also allow for the 

tool’s replication and wider adoption in other educational settings [13]. 

To further strengthen the instructional value, experts recommended a more rigorous 

theoretical framework, utilizing equations of projectile motion and fluid dynamics to 

model the rocket’s behavior. Direct comparison of experimental outcomes with 

theoretical predictions would offer students deeper insight into the physical principles at 

play and promote higher-order analytical skills. 

User Feedback 

User responses were overwhelmingly positive. Students consistently reported that 

the Arduino-based water rocket launcher was engaging, easy to operate, and effective in 

clarifying physics concepts through hands-on investigation. Many respondents expressed 

increased motivation and interest in physics and technology and viewed the tool as highly 

beneficial for active learning in engineering education. Several users suggested 

maintaining or expanding the deployment of this tool, with some proposing commercial 

development for broader educational access. 

Direct comments highlighted that the activity made abstract physics concepts feel 

more tangible and enjoyable, and that the launcher contributed positively to both their 

learning and classroom experience. No significant negative feedback or suggestions for 

major improvements were recorded, indicating a strong alignment of the tool with student 

expectations and educational needs. 
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Launch Result and Comparison with Theoretical Value 

To evaluate the performance of the Arduino-based launcher and analyze its 

educational effectiveness, researchers compared empirical launch data with theoretical 

predictions. Due to the brevity of the rocket’s powered flight phase, a simplified model 

was employed: the mass flow rate (ṁ) was first calculated using the nozzle area, the 

water density, and the internal bottle pressure, following Sutton & Biblarz [20]: 

ṁ = CdA√2ρP (2) 

where: 

ṁ is the mass flow rate (kg/s) 

Cd is the discharge coefficient (average is 0.7) 

A is the cross-sectional area of the nozzle (m²) 

𝜌 is the density of water (approximately 1000 kg/m³) 

P is the pressure inside the bottle (Pa) 

The exhaust velocity of the water leaving the rocket nozzle was approximated using 

Bernoulli's equation: 

ve = √
2(Pin × Pout)

ρ
 

 

(3) 

where: 

Pin is the pressure inside the bottle 

Pout is the pressure of air outside the bottle 

ρ is the density of water. 

Total thrust (T) is then calculated as: 

T = ṁve (4) 

where: 

ṁ is the mass flow rate. 

ve is the exhaust velocity. 

The initial velocity v0 is derived using the thrust and the duration of the powered flight. 

v0 =
T × tpowered

mi
 (5) 

where: 

7

7
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T is the thrust. 

tpowered is the powered flight time 

mi is the initial mass of the rocket. 

For the ballistic (unpowered) phase, standard projectile motion equations give maximum 

height (hmax) and range (R) [21]: 

Hmax = Hpowered +
v0

 2 sin2(θ)

2g
 

 

 (6) 

R = Dpowered +
v0

 2 sin(2θ)

g
 

 

(7) 

Given the short-powered flight time, the rocket's initial velocity and subsequent 

projectile motion can be approximated without detailed integration. According to the 

mentioned equations, the theoretical value compared to the experimental value of 

maximum height and total distance are as following. 

For maximum height, the percentage difference between experimental and 

theoretical values for the three-finned rocket ranged from 0.0% to 52.6%, whereas for the 

four-finned rocket, it ranged from 1.2% to 51.8%. In terms of total distance (range), the 

percentage differences for the three-finned rocket ranged from 3.4% to 36.8%, and for 

the four-finned rocket from 2.1% to 42.7%, excluding cases where the theoretical value 

was zero (vertical launches at 90°, for which the theoretical range is always zero and the 

percentage difference is undefined). 

These variations can be attributed to multiple factors, including experimental 

limitations, air resistance, minor inconsistencies in rocket construction, or deviations in 

the discharge coefficient from assumed values. Researchers use the average value 0.7 for 

discharge coefficient due to the limitations of apparatus, while the actual number may 

vary from 3-fins rocket to 4-fins rockets (Table 4). Another possible cause that causes the 

difference is the flaw in the rocket design itself, with flaws which make it not following 

projectile trajectory. 

Larger discrepancies, exceeding 50% in some height comparisons, often occurred 

at lower or intermediate launch angles, which may reflect measurement errors, 

environmental influences, or instability during flight. Nonetheless, the data generally 

demonstrate reasonable agreement between theoretical models and empirical outcomes, 

1

1
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underscoring the kit’s value as a practical, inquiry-based learning tool. The inclusion of 

quantitative error analysis not only deepens students’ understanding of the underlying 

physics but also highlights the importance of critical thinking and iterative improvement 

in experimental science [4], [20]. 

Table 4. Comparison between experimental and theoretical data 

Number 

of Fins 

Launch 

Angle 

(°) 

Experimental Theoretical 

Maximum 

Height  

(m) 

Total 

Distance 

(m) 

Maximum 

Height  

(m) 

Total 

Distance 

(m) 

3 15 0.30 7.40 0.30 5.63 

3 30 1.33 14.35 2.70 22.39 

3 45 2.35 20.86 4.96 23.39 

3 60 5.23 13.51 6.65 17.19 

3 75 6.01 10.34 8.58 10.08 

3 90 9.41 2.52 8.30 0.00 

4 15 1.67 10.15 1.10 17.71 

4 30 2.92 18.13 2.46 23.01 

4 45 4.14 23.10 4.46 21.42 

4 60 5.84 15.56 7.72 22.08 

4 75 8.67 12.96 10.25 13.24 

4 90 10.40 3.79 10.53 0.00 

 

4 Conclusions 

The development and evaluation of an Arduino-based water rocket launcher 

demonstrated both strong feasibility and educational value. Quantitative comparisons 

showed that, while some measurement discrepancies exist due to real-world factors, the 

experimental results broadly align with theoretical predictions, providing a sound basis 

for experiential physics education. Expert assessments confirmed that the tool is 

pedagogically effective, technologically robust, and safe for classroom and laboratory 

13
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use, while user feedback underscored its positive impact on student engagement, 

motivation, and conceptual understanding. 

In summary, the Arduino-based water rocket launcher offers a replicable, scalable, 

and impactful solution for introducing project-based STEM learning. Continued 

development should focus on enhancing data accuracy, safety, and supporting materials 

to maximize its educational potential. Broader implementation may contribute to 

improved science learning outcomes and increased student interest in physics and 

engineering disciplines. 
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