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Abstract: A robotic-based training aid for forehand strokes in table tennis that utilizes a smartphone as a control medium has not yet been found. This research aims to understand the process of reconstructing a dynamic robot-based table tennis ball launcher as a training aid for forehand stroke accuracy. This type of research uses the ADDIE development method (analyze, design, development, implementation, evaluation). The analysis phase identifies user needs and characteristics, the design phase creates a 3D prototype design, the development phase creates and tests the product, the implementation phase tests the product on UKM members, and the evaluation phase is conducted at each product development stage. The subjects in this study included 1 media expert, 1 material expert, and 21 members of the STKIP Pasundan Table Tennis UKM, with instruments used to measure product quality in the form of questionnaires and surveys. The results of this study indicate that the dynamic robot-based table tennis ball launcher is deemed very feasible (86.65%) with a validity value of (0.510) and a reliability value of (0.518).Therefore, it can be stated that this dynamic robot-based table tennis ball launcher is "very feasible" to be used as an alternative training medium. Consequently, this tool can be recommended for use in technical training processes to enhance focus.
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INTRODUCTION

Table tennis is a sport that can be played individually or in pairs using a ball made of celluloid and paddles made of wood covered with rubber on both sides (Kasanrawali 2020). The game is played on a table divided by a net and is more commonly known to the public as "ping pong," which is generally played indoors (Sukma 2016). In table tennis, there are various basic techniques that players need to master, such as drive, chop, service, push, and block (Rihtiana dan Tomoliyus 2014). One important technique is the forehand stroke, which is said to be effective if the ball is fast and accurately directed to the right or left corner of the opponent's table (indrawan 2020). To achieve accuracy and speed in the forehand stroke, consistent and continuous practice is required, supported by effective training methods and programs (Suherman 2009).
Based on the observations at the UKM Table Tennis at STKIP Pasundan, the forehand stroke training method is still conducted manually, where the coach throws the ball one by one, making it less efficient, especially when the number of athletes being trained is large. This results in training being less effective and complicates the evaluation process of the athletes' stroke movements. With the advancement of science and technology (IPTEK), various innovations in sports equipment have developed to enhance training effectiveness and support athletes' achievements (Erlangga et al. 2022) The use of technology media applications is currently widely utilized in the learning process (Dhani Agusni Zakaria et al. 2023).
Several previous studies have attempted to develop training aids for table tennis, including "The creation of a low-budget table tennis ball launcher to improve the competence of table tennis athletes in Blora Regency" where the researchers designed and created a low-cost table tennis ball launcher (Yudha, Riyanta, dan Susetyorini 2022), "the development of a multifunctional ball launcher" where the researchers designed, created, and developed a multifunctional ball launcher that can adjust the speed, direction, and variation of the ball (Bimantara dan Khomariah 2021), and "the development of a learning tool for ball launching in table tennis" where the researchers designed, created, and developed a ball launcher as a learning medium for table tennis, then tested it to help improve the basic skills of students or athletes through more effective and varied training (Kes, M & Murniati 2020). One way an innovation can grow is through the use of technology (Juditya 2022). However, none have used a smartphone as a control tool; therefore, the aim of this research is to develop a model design of a tool or media based on a smartphone that provides convenience and efficiency in time and effort for athletes, UKM members, students, coaches, and lecturers.
Based on the description above, this research aims to determine how the reconstruction process of a dynamic robot-based table tennis ball launcher as a training aid for forehand shot accuracy with a smartphone as its control tool, as a new innovation that provides convenience, effectiveness, and efficiency in forehand shot training. With this research, it is hoped to become a new innovation since there has not been a table tennis launcher that uses smartphone-based media as its control tool; therefore, the aim of this research is regarding "The reconstruction of a dynamic robot-based table tennis ball launcher as a training aid for forehand shots."




[bookmark: _heading=h.pzsa8cbau5ox]MATERIAL AND METHODS

The research method used is the ADDIE development method (Robert Maribe Branch 2009). The ADDIE development model consists of Analysis, Design, Development, Implementation, and Evaluation (Sugiyono 2020). In this research and development, the focus is on producing a dynamic robot-based table tennis ball launcher as a training aid for forehand shots. In the analysis phase, the identification of needs and user characteristics is conducted through observations and interviews with the head of the UKM. The design includes a design overview and 3D prototype animation of part of the tool, followed by Development, which is divided into two: the construction of the tool according to the design approved by experts and feasibility testing by experts, and testing. Implementation occurs after the tool is declared feasible, with field trials conducted on UKM members. The final stage, Evaluation, is conducted to assess the effectiveness of the tool, with data analyzed from questionnaires and areas requiring further improvement (Da et al. 2024), (Aprial. M et al. 2023).
The sampling technique used in this research is saturated sampling (Sugiyono 2019). The population in this study consists of all table tennis members training at the UKM Table Tennis STKIP Pasundan, totaling 21 members and 2 experts, resulting in a total population of 23 individuals. The instrument used in this research is a questionnaire structured using a Likert scale. The questionnaire was given to media experts, academics, learning coaches, and athletes (Irrawan, Ade bagus and S.Pd., M.Pd, Dr. Palmizal. A and S.Pd., M.Pd 2020). The questionnaire focuses on the performance of the produced product. The questionnaire for experts consists of questions that need to be assessed for their feasibility (Sari et al. 2020). The results of the validation assessment are then calculated for their validity and reliability percentages. The data analysis technique in this research is divided into feasibility analysis and effectiveness of the developed training aid product. The data analysis technique used is descriptive percentage analysis in the form of assessments using numbers.

RESULTS

Analysis
In this stage, the researchers sought to identify existing problems through observations and interviews. The results indicated that the UKM Table Tennis STKIP Pasundan needs technology-based training aids, such as a ball launcher, to make training more effective, especially for beginners. Unfortunately, the price of such tools is quite high, making them difficult to purchase. From the perspective of UKM members, especially beginners, many are still learning the basics of table tennis. The ability to coordinate hand and eye, reflexes, and shot accuracy still needs to be trained. The shot technique is also not stable, with balls often missing or going too high. These findings serve as the basis for designing a training aid that meets the needs.

Design
At this stage, the researchers created two prototype designs. First, an initial prototype was made to be submitted to experts for feedback. Second, the prototype was refined based on those suggestions. One important improvement was the addition of a fan to the electronic box to prevent the device from overheating. Evaluation results showed that the addition of the fan improved the device's performance and made the internal components safer from the risk of damage due to excessive heat.


Development
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Figure 1. The results of the table tennis ball launcher after revision
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Figure 2. View of the table tennis ball launcher after revision.
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Figure 3. Front view of the table tennis ball launcher after revision.

In the development stage, validation of the table tennis launcher was conducted in three phases: validation by design experts, material experts, and validation by users. The aim was to identify deficiencies and improvements needed before the device was tested on UKM members. Experts were asked to assess the design so that the strengths and weaknesses of the device could be identified. The results of the validation instrument assessment and the questionnaire obtained from media experts, material experts, and UKM members are presented in the table below:

Table 1. Results of the validation assessment by design experts, material experts, and UKM members
	Respondent
	Maximum score
	Score given
	Percentage Score

	Media expert
	116
	106
	91,38%

	Material expert
	50
	41
	82%

	Members of the UKM Table Tennis at STKIP Pasundan
	1.050
	909
	86,57%

	Average number from the three respondents
	86,65%



 
Implementation
Next, the researchers conducted a validity test to determine the validity of the data in this study, specifically the forehand drive stroke data (Ruky et al 2018). The results of the validity test calculations for the forehand drive strokes of the members of the UKM Table Tennis at STKIP Pasundan are presented as follows

Table 2. Results of the Validity Test
	Item
	Validity 
	Description

	
	Rxy
	R – Table 
	

	1
	0,510
	0,433
	Valid



Then the researchers conducted a reliability test to determine the reliability of a tool developed (Suharsimi 2006). By giving a test to the same group at two different times. The results of the reliability test calculations for the forehand drive strokes of the UKM Table Tennis members at STKIP Pasundan can be presented in the following table. 

Table 3. Results of the Reliability Test
	Item
	Reliability
	Description

	
	Rxy
	R – Table
	

	1
	0,518
	0,433
	Reliabel


Based on the reliability results, a value of 0.518 was obtained, which is greater than the r-table value of 0.433, thus it is declared reliable. Based on the validity results, a value of 0.510 was obtained, which is greater than the r-table of 0.433, thus it is declared valid.
Evaluation
The evaluation includes an analysis of the implementation process, participant responses, and the results achieved to ensure that the objectives are met optimally. Feedback from media experts suggested using a power supply with a higher capacity and an additional cooling fan. Material experts recommended that the launcher be placed outside the table. Meanwhile, respondents proposed that the tool be modified to be more attractive, not heat up quickly, and be more challenging. They also suggested the development of artificial intelligence so that the tool could adapt to various playing styles and enhance interactivity. These suggestions serve as a basis for the development of better tools in the future.

 DISCUSSION

In this study, the results of the testing data from media experts, material experts, and members of the UKM Table Tennis as end users were established based on the questionnaires that had been distributed. The validation results showed that the table tennis ball launcher has a very high feasibility level. The feasibility results from media experts, the data from the feasibility test of the table tennis ball launcher obtained from media experts were processed into percentage feasibility data using Microsoft Excel software. From the media experts, a percentage of 91.38% was obtained; when categorized according to the product feasibility table, the feasibility result from media experts falls into the very feasible category. The feasibility results from material experts, the data from the feasibility test of the table tennis ball launcher obtained from media experts were processed into percentage feasibility data using Microsoft Excel software. From the media experts, a percentage of 82% was obtained; when categorized according to the product feasibility table, the feasibility result from media experts falls into the very feasible category.The feasibility results from the members of the UKM Table Tennis, the data from the feasibility test of the table tennis ball launcher were obtained through questionnaires filled out by 21 members of the UKM Table Tennis at STKIP Pasundan. The data was processed into percentage feasibility data using Microsoft Excel software; after calculation, the data from the 21 members of the UKM Table Tennis obtained a feasibility percentage of 86.57%. When categorized according to the product feasibility table, the feasibility result from the members of the UKM Table Tennis falls into the very feasible category. From the perspective of research validity, it is known that the r-table score for 21 subjects at a 5% confidence level is 0.433. This result indicates that the Rxy score = 0.510 is greater than the r-table = 0.433, thus the table tennis ball launcher is declared valid. Additionally, the reliability test calculation yielded an r-count of 0.518 while the r-table value is 0.433, thus it can be declared reliable.
The development of technology today has entered various aspects of life in different sectors. The use of technology greatly influences performance in achieving goals (Triansyah, Atmaja, dan Sepdanius 2023). The table tennis ball launcher can be used as a training aid to efficiently save time and energy for coaches, allowing them to focus on evaluating forehand strokes. The feasibility of this table tennis launcher can be explained through a motor approach and skill training. According to motor learning theory (Mustafa dan Sugiharto 2020), movement skills are greatly influenced by varied, random training stimuli that resemble real match situations (Kertamanah 2003). This tool allows users to practice movement, reflexes, and visual concentration, thus optimizing movement adaptation. The accuracy in determining the method can influence the achievement level of training objectives (Furkon 2019). In addition to training methods, one factor that affects drive strokes is reaction time and accuracy. According to (Alamsyah dan Tomoliyus 2021), reaction time is a determining factor for success in almost all sports.Reaction time is needed to hit the ball to the opponent's area and to place the ball so that it does not always go out but is always directed to a specific spot on the table that is difficult for the opponent to reach. The dosage of training greatly determines the volume (frequency, repetitions, and sets) and intensity of the training. This tool also incorporates technology principles in sports training. By using an electronic control system and programming the launch speed, this tool supports the principles of smart training tools as explained by (Pesce et al. 2016), which are interactive tools that provide immediate feedback and can adjust stimuli according to user needs.
With high validation results, strong validity and reliability, and supporting theoretical foundations, it can be concluded that this technology-based table tennis ball launcher is suitable for use as an alternative training medium. Therefore, this tool can be recommended for use in technical training processes to enhance focus.

 CONCLUSION

The reconstruction process of the table tennis ball launcher was carried out using the ADDIE development model (Analysis, Design, Development, Implementation, Evaluation), which involved designing the tool with smartphone-based control, adjusting electronic devices, and testing on users. The validation results and trials showed that this launcher has a very high feasibility level of (86.65%) with the category of "Very Good." Based on the calculations presented in Chapter 4, the researchers conclude that the dynamic robotic-based table tennis ball launcher is declared "very feasible" based on the assessments from 3 experts. Additionally, based on the validity and reliability calculations, it is known that this tool is declared valid (0.510%) and reliable (0.518%). Thus, the instrument is declared valid and reliable for measuring the effectiveness of forehand shot accuracy training. The benefits of this launcher can save coaches' time and provide more consistent training, especially for beginners.
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