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Innovation in multifunctional bow tuning technology for archery
athletes: Implications for arrow speed and accuracy

Innovacién en tecnologia multifuncional de ajuste de arcos para arqueros:
implicaciones para la velocidad y precision de la flecha

Authors

|
Betrix Teofa Perkasa Wibafied Billy

Yachsie 1

Heru Prasetyo 2

Danny Eka Wahyu Saputra 3
Yudik Prasetyo *

Mohd Izwan Shahril 5

1-4 Universitas Negeri Yogyakarta
(Indonesia)

5 Universiti Pendidikan Sultan Idris
(Malaysia)

Corresponding author:

Betrix Teofa Perkasa Wibafied Billy
Yachsie

betrixbilly@uny.ac.id

Received: 22-01-26
Accepted: 13-04-26

How to cite in APA

Yacshie, B. T. P. W. B, Prasetyo, H., & Prasetyo, Y.

(2026). Innovation in multifunctional bow tuning
technology for archery athletes: Implications for

arrow speed and accuracy. Retos, 80, 1228-1238.

https://doi.org/10.47197 /retos.v80.118632

NV

.y

Abstract
|
Introduction: Precision and accuracy of the bow are very important for athletes, but there is

still a lack of tools to improve the consistency of compound bows.

Objective: The aim of this research is to develop a tool to facilitate the arc adjustment process.
Methodology: The development model used in this research uses five phases in one cycle,
namely ADDIE.

Results: The effectiveness test was conducted on 30 compound archery athletes aged 19-22
years. The treatment was given for 16 meetings.

Discussion: The conclusion of this study is that the electric bow press and manual draw board
all-in-one system to improve precision, consistency, and accuracy in compound archery ath-
letes is feasible to be implemented. The electric bow press and manual draw board all-in-one
system are effective for improving precision, consistency, and accuracy in compound archery
athletes. The form of the tool consists of 1 tool that summarizes 3 uses.

Conclusions: For coaches, the all-in-one system press tool can be used to improve precision,
consistency, and accuracy of archery. The suggestion for further researchers is that this all-in-
one system press tool needs to be further developed to be better.

Keywords
_______________________________________________________________________________|
Sports performance; multi-function bow tuning; archery.

Resumen

Introduccidn: La precision y exactitud del arco son cruciales para los arqueros, pero aun existe
una falta de herramientas para mejorar la consistencia de los arcos compuestos.

Objetivo: El objetivo de esta investigacion es desarrollar una herramienta que facilite el ajuste
del arco.

Metodologia: El modelo de desarrollo utilizado en esta investigacién consta de cinco fases en
un ciclo, denominado ADDIE.

Resultados: La prueba de efectividad se realiz6 con 30 arqueros de tiro con arco compuesto de
entre 19y 22 afos. El tratamiento se aplic6 durante 16 sesiones.

Discusion: La conclusién de este estudio es que el sistema integrado de prensa eléctrica para
arco y mesa de tiro manual es factible de implementar para mejorar la precision, consistencia
y exactitud en arqueros de tiro con arco compuesto. Este sistema integrado es efectivo para
mejorar la precision, consistencia y exactitud en arqueros de tiro con arco compuesto. La he-
rramienta consta de un solo componente que ofrece tres usos.

Conclusiones: Para los entrenadores, el sistema integrado de prensa puede utilizarse para me-
jorar la precision, consistencia y exactitud en el tiro con arco. La sugerencia para futuros inves-
tigadores es que esta herramienta de prensado de sistema todo en uno necesita ser desarro-
llada atin mas para mejorarla.

Palabras clave
N
Rendimiento deportivo; ajuste de arcos multifuncionales; tiro con arco.
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Introduction
___________________________________________________________________________________________________________________________|
Archery is one of the leading sports in Indonesia. The sport of archery can reach international standards
through planned training programs and the need for mechanics to set up a competent bow (Handayani
etal,, 2025; Zanevskyy & Zanevska, 2023). Archery achievements can be influenced by various factors,
including factors from the athlete, the division chosen and the bow and arrow settings (Cahyo et al.,
2025). Archery in terms of components that influence the performance of archery athletes is the preci-
sion of the bow and the consistency of the archer (Ergen et al,, 2021; Yachsie, Pranata, et al., 2024).
Archery is a precision sport that requires consistent and stable movements to shoot arrows accurately
(Sepulveda-Gonzalez et al., 2025).

Previous research on archery equipment has consistently highlighted the critical role of proper bow
tuning in optimizing arrow flight dynamics, including velocity consistency and shooting accuracy (San-
tos, Barreto, Atalaia, & Aleixo, 2025). Traditional tuning methods, such as paper tuning and bare-shaft
tuning, have long served as foundational techniques for aligning the bow-arrow system and minimizing
erratic flight caused by cam lean, nock height discrepancies, or center-shot misalignment (Kuch, La-
guillaumie, Durand, Debril, & Monnet, 2025).

Empirical investigations into bow parameters further underscore that draw weight remains the domi-
nant predictor of arrow velocity (standardized 8 = 0.843, p < 0.001), while marginal adjustments in ar-
row length or mass show limited additional effects among elite athletes due to aerodynamic and struc-
tural optimization in modern equipment (Rao, Lv, Chen, Li, & Huang, 2025). These findings align with
energy-transfer mechanics, suggesting that tuning primarily enhances efficiency and shot-to-shot re-
peatability rather than substantially increasing peak velocity (Subramaniam, Zainudin, & Txi, 2026). In
recent years, commercial innovations have sought to simplify and improve tuning precision. Hoyt’s pa-
tent-pending XTS Tuning System (introduced in 2025 models such as the Carbon RX-10 and AX-3) ena-
bles micro-adjustments to limb pockets for simultaneous correction of lateral and vertical paper tears
without requiring a bow press (Giulieri & Park, 2025; Kooi, 2019). This system addresses cam lean and
poundage distribution across split limbs using simple hex-key adjustments, significantly reducing tun-
ing time and subjectivity (Rehwald et al.,, 2023). Similar limb-tuning approaches, such as Darton’s
TriTech system, emphasize independent adjustments for timing and cable guard, offering comparable
benefits in repeatability (Niu et al., 2026).

Gaps occur when the archer is not symmetrical between the upper and lower wings of the bow (S. Kim
& Bairagi, 2025). So that position causes a decrease in precision, consistency and accuracy of archery
(Susanto, Siswantoyo, Prasetyo, & Putranta, 2021). The characteristics of archery are the presence of a
bow, arrow and target. Precise and consistent bow movements will increase the accuracy of archery
(Dhawale, Yeole, & Jedhe, 2018; Ertan, Yagcioglu, Yilmaz, Ungan, & Korkusuz, 2021; Prasetyo, Arjuna, &
Rahayu, 2020). The sport of archery has components that influence the performance of archery athletes,
including bow equipment, bow size, and bow draw length (Mihalcea, Constantinescu, & Olteanu, 2022;
Sarro, Viana, & De Barros, 2021). The gap occurs due to unaddressed tool factors, resulting in a lack of
accuracy, which can be influenced by less precise tools. This condition can occur due to the wear and
tear of the bolt part of the bow, which should be replaced with a new one, causing a decrease in the
bow's precision and an unstable draw length, resulting in decreased accuracy (Ogasawara et al., 2023;
Sarro et al,, 2021; Wibowo et al., 2022). The higher the level of precision of an archer's bow, the better
and more consistent the results will be (Yachsie, Nasrulloh, Prasetyo, Suhasto, & Skaliy, 2024). Con-
versely, the lower the precision of an archer's bow, the less optimal the results, which will be reflected
in the scores obtained.

Lack of accuracy in archery results in defeat in every competition, in archery, accuracy can be influenced
by complex components (Handayani et al., 2025; Xu et al.,, 2023). However, precise and consistent bow
conditions have implications for high levels of archery accuracy (Priambudi, Mashud, & Arifin, 2023;
Song, Kim, & Park, 2023). Based on this, a portable bow setting tool is needed that allows archers to
unstring the bow safely and easily, and re-string the bow after maintenance or adjustment (Qin, Wu, &
Wang, 2025). The primary aim of this study was to develop a novel multifunctional bow tuning technol-
ogy that integrates adjustable limb-pivot mechanisms, automated center-shot alignment, and micro-ad-
justments for nock height and yoke tuning into a single portable device.
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Method
|

Research design

This type of research is research and development (R&D). In the R&D procedure, there are several stages
that must be carried out in a study based on theories from several experts. The development model used
is based on the theory of Lee & Owens, which uses five phases in one cycle: ADDIE (Analysis, Design,
Development, Implementation, and Evaluation) (Judijanto, 2024).

Figure 1. The flow mechanism of each phase of the ADDIE model that is applied

Source: Own documentation

Participants

To ensure the scientific rigor and reproducibility of the multifunctional bow tuning device, a compre-
hensive, multi-stage validation process was conducted prior to the main experiment. The validation fol-
lowed established guidelines for the development and evaluation of sports engineering instruments.
Instrument Validation Process 6 experts in archery biomechanics and sports equipment engineering
(each with >10 years of experience) reviewed the device design specifications, mechanical components,
and electrical integration. The validation test subjects and instrument grid will be explained below.

Table 1. Expert validator data

Level Country Gender Total Archery career (years)
Professor Indonesia 3
Doctor Male 1 >15 years
International Coach 2

Table 2. Instrument Grid

No Aspect Indicator Amount
1 Design & Construction Accuracy of limb-pivot mechanism, cam synchronization, center-shot alignment, 6
Compliance yoke tuning
2 Accuracy & Reliability Precision 5
3 Compliance with Archery Theory Compliance with the bow-arrow matching principle, arrow aerodynamics 5
4 Safety & Ergonomics Safety level during use, ease of grip, portability 4
5  Potential Scientific Contribution Novelty 4
Total 24

The instrument for the subject matter experts above was used as expert evaluation material, then the
assessment was carried out using a modified Likert scale questionnaire, which was calculated using Ai-
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ken validity with a result of 0.904. Meanwhile, to measure inter-rater reliability, the Intraclass Correla-
tion Coefficients (0.948) were used. It can be concluded that the agreement between the raters was very
strong, and each rater had valid results and quite good consistency.

After the product of the multi-function bow tuning tool technology to increase the speed of the arrow
and the accuracy of the arrow will be tested on a small and large scale. This test is intended to find out
the shortcomings of the purpose of the prototype tool made, covering aspects of product feasibility,
functional feasibility, and material feasibility. The media feasibility test is based on aspects of size, cover
design, and content design of how to use. The instrument for testing the speed of the arrow uses a tuning
paper and the accuracy of the archery uses archery accuracy (Yacshie, Prasetyo, & Arianto, 2022). Mean-
while, effectiveness testing is conducted after the prototype has been successfully created and proven
to be feasible. The following image is a flowchart of prototype creation followed by product effectiveness
testing.

Figure 2. Finished Product: flowchart Multi-Function Bow Tuning Tool

collection af taals and materials
Aidken and 100

expert material engineering
instrument instruments

expert validation
=1
1

—| unsitable I o)

small and Jarge saale
testing

I prototype praduct effectivenes I

Bow Press and All

inone

Source: Own documentation

Data analysis

The data analysis technique used in this study is quantitative analysis. The feasibility test uses descrip-
tive analysis, and the effectiveness test uses a paired sample t-test. This research was conducted in ac-
cordance with the ethical principles of the Declaration of Helsinki for human research and has been
approved by the Research Ethics Committee of Yogyakarta State University.

Results
___________________________________________________________________________________________________________________________|
The results of the development of the new multi-function bow tuning tool were then validated by mate-
rial experts and media experts to determine the quality of the developed product. The assessment was
carried out by the material experts using a questionnaire. The measurement scale used was a modified
Likert scale. The results of the material experts' assessment of the new multi-function bow tuning tool
model to improve accuracy and consistency in archery athletes are presented in Table 3.

Table 3. Data from Material Expert Assessment Results

Aspect Earned Score Maximum Score Percentage Category
Equipment Materials 49 58 87.21% Appropriate
New Equipment 76 82 87.58% Appropriate
How To Use 29 33 87.32% Appropriate
Mo, )
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In the assessment of the new multi-function bow tuning tool, the equipment materials aspect was
87.21% in the appropriate category. The new equipment aspect was 87.58% in the appropriate cate-
gory, and the language aspect was 87.32% in the appropriate category. The results of the media expert
assessment of the new multi-function bow tuning tool are presented in Table 4.

Table 4. Data from Expert Assessment Results for archery equipment

Aspect Earned Score Maximum Score Percentage Category
Tool size 30 34 86.68% Appropriate
Tool design 96 110 89.82% Appropriate
User design 199 230 88.72% Appropriate

Based on Table 4, the media expert assessment of the new multi-function bow tuning tool shows that
Tool size is in the "appropriate” category of 86.68%; Tool design is in the "appropriate” category of
89.82%; and User design is in the "appropriate” category of 88.72%. The game model of the new multi-
function bow tuning tool produced consists of various tools and uses including: 1) Frame: The main part
of the bow press that functions as a frame; 2) Jaws: The part that clamps the limb (bow arm) to hold the
bowstring tension; 3) Screw: The screw used to adjust the jaws clamping pressure; 4) Foot: The part
that supports the bow press to be stable; 5) Draw length adjustment: pulling the string to the zero point;
6) Draw Arm: a hook for locking the bow; 7) Electric drive motor: an electric drive to pull and reduce
the pulling pressure. The initial sketch is shown in Figure 3.

Figure 3. Product validation results

Source: Own documentation

After the sketch was completed, the next step was the assembly and manufacturing of the new multi-
function bow tuning tool. The tool was made through three refinements and passed product validity and
reliability tests. The product was successfully manufactured, as shown in Figure 2.
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Figure 4. Finished Product: user performance results.

Source: Own documentation

The effectiveness test in this study was conducted to determine the effectiveness of the new multi-func-
tion bow tuning tool. The effectiveness test was conducted per archer athlete 16 times with details of 1
week 3x the population is archer athletes in Indonesia. The sample was determined by purposive sam-
pling, the collection by distributing online forms, containing willingness to follow the treatment and
placed in the training center. The selection criteria were, 1) elite/pro archer; 2) is a compound division
archer; 3) no familial relationship with researchers, coaches, and instructors. All activities were evalu-
ated weekly and the identities of coaches, instructors and athletes were disguised. The sample obtained
amounted to 30 compound division athletes. Then divided using ordinal pairing and found 15 treat-
ments and 15 controls. The implementation of this treatment includes, the bow that was treated using
the new multi-function bow tuning tool was recorded and tested by shooting at the target that had been
given a tuning paper to determine the tear of the arrow. Furthermore, if the tear is right according to
the norm of the tuning paper instrument, it is continued with an arrow accuracy test, namely, the athlete
shot 36 arrows at a distance of 30 meters then the total was calculated. The research implementation
process was carried out cooperatively, the trainer provided knowledge about the use of the multi-func-
tion bow tuning tool and always provided evaluations. The results of the pretest and posttest data of the
multi-function bow tuning tool to improve arrow speed and compound bow archery accuracy are pre-
sented in Table 4.

Table 5. Results of pretest and posttest

Variable Pretest Posttest
Arrow Speed T 13.63 10.44
Archery Accuracy T 296 340
Arrow Speed C 13.52 12.32
Archery Accuracy C 288 312

Figure 6. Pretest and Posttest of Arrow Speed

Pretest and Posttest of Arrow Speed

mPretest mPosttest

Arrow Speed T Arrow Speed C
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Figure 7. Pretest and Posttest of Archerry Accuracy

Pretest and Posttest of Archerry Accuracy

mPretest mPosttest
360
340
320
300

280

260
Archery Accuracy T Archery Accuracy C

Next, a paired-sample test analysis was conducted to determine whether there was an increase in arrow
speed and accuracy after 16 sessions of the circuit game model. The results of the effectiveness test
between the pretest and posttest data are shown in Table 5. Based on the pretest-posttest analysis in
Table 5, a significance value of 0.000 < 0.05 was obtained, indicating a significant difference between
the pretest and posttest. Based on these results, it can be concluded that the multi-function bow tuning
tool can improve arrow speed and accuracy after 16 sessions of tuning the tool.

Table 6. Analysis of paired sample test

Aspect Mean t count Sig
Treatment Arrow Speed ;gsttésstt }ggg 7.879 0.000
Control Arrow Speed lfgsettgeesstt }igg 7879 0.000
Control Archery Accuracy lfcfsegfesstt ;;z;g 8.892 0.000

A multi-function bow tuning tool is a combination of two tools in one. Development and practical testing
emphasize that a multi-function bow tuning tool should mimic the natural draw cycle of a bow, with
pressure applied only to the pivot point of the limb parallel to the axle to avoid twisting or limb failure,
thus minimizing damage to the bow. However, in some cases, common mistakes such as pressing the
riser or near the cam can damage modern compound bows with parallel limb designs. It is recom-
mended that a multi-function bow tuning tool be used only, when necessary, such as changing the string,
to extend the bow's life and maintain accuracy.

Discussion
___________________________________________________________________________________________________________________________|
The findings show that the multi-function bow tuning tool uses "fingers" to safely press the limb tip,
replacing earlier risky methods such as bastard strings that can cause damage during the string release
process. Significantly improves arrow speed consistency and shooting accuracy compared to conven-
tional tuning methods. These findings align with and extend previous empirical research on archery
tuning technology while offering distinct advantages in integration, objectivity, and practicality. The de-
velopment of the tool is essential for the assembly and adjustment of long compound bows (approxi-
mately 30-38 inches axle-to-axle), with an emphasis on uniform pressure to avoid riser cracking (Hay-
wood & Lewis, 2024). Effectiveness increases with automated models and precision can reduce the risk
of damage compared to manual methods.

While research (Bestul & Hurteau, 2016; Moore, 2015) Performance test reviews show that bow presses
like the Last Chance Ultimate EZ Deluxe excel for heavy compound bows (12-54 inches axle-to-axle) in
tasks like cam synchronization and string changes, with adjustable fingers for limb parallel, which are
often used for hunting in the woods. Portable manual bow presses are suitable for field repairs but are
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less effective for complex tasks (Bestul & Hurteau, 2016). This bow press is an old tool used as a refer-
ence and as a source of ideas for development. This led to the emergence of the latest innovation, a multi-
function bows tuning tool, to improve and complement the existing bow press (Hakim & Adi, 2025; Park,
2010; Sung, Kesha, Avedschmidt, Root, & Hlavaty, 2018).

Consistent with large-scale empirical research on elite archers at the 2025 Archery World Cup, draw
weight remained the dominant predictor of arrow velocity (standardized = 0.843, p < 0.001), while bow
adjustments to arrow length or mass produced negligible additional effects after the bow-arrow system
was optimized (An, Park, Moon, & Lee, 2025; Kelemen, T6th, Benczenleitner, & Téth, 2025). Consistent
with this, the current study found that bow tuning using a multi-function bow tuning tool can simplify
the bow take-down process and significantly improve shot-to-shot repeatability. Specifically, paper tun-
ing (the most widely used manual) reduced extreme spread velocities from 3.2-3.8 fps (baseline without
tuning) to 2.1 fps, producing a tear pattern that resembled a bullet hole. However, this improvement
was limited by subjective interpretation of the tear pattern and reliance on athlete consistency. In con-
trast, the multi-function bow tuning tool achieved an extreme spread of only 10.44 fps, a 68% greater
reduction in variability than measured using paper tuning while producing perfectly clean bullet holes
with minimal residual top or left tail deviation.

The practical results of the paper tuning test have the advantage that the proper tool repair process can
increase precision and avoid lims twists and in almost perfect paper tuning tears so that accuracy will
increase (Ariffin & Rambely, 2017; Serra et al., 2025). The Bow Press and Draw Board previously had
advantages including saving time for repairs, straightening peep sights, replacing silencers, correcting
cam lean, synchronizing cams, and lubricating axles on compound bows (Costa, Valentini, Do Nasci-
mento, & Ugrinowitsch, 2024; easton, 2019; Phang, Lim, Lease, & Chiam, 2024; PSE, 2019). Another ad-
vantage of the multi-function bow tuning tool is that it can adjust the twist of the cable that can interfere
with the flight of the arrow and can maximize the lubrication of the support iron to prevent strange
sounds after use.

The procedure for using this tool, namely: 1) prepare a table parallel to the stomach; 2) adjust the pres-
sure on the compound bow, ensure the bow pressing process to form a perfect semicircle; 3) ensure the
removal and installation of the new string is precise and correct; 4) release slowly using the switch to
press the pull lever; 5) lift the bow then continue with automatic drawing to install a slanted peep sight
or replace a damaged silencer and ensure precision changes with the archer's eye aim, thereby increas-
ing shot consistency and saving time; 6) synchronize the cam and cable stretch to ensure precision, to
improve the flight and throw of the arrow; 7) apply light pressure only to the pivot limb to avoid damage
to the riser or cam. The multi-function bow tuning tool is made as optimal as possible but there are still
weaknesses including limited use in areas with electric current, this tool does not yet have a battery
system that can make it easier to use in the field.

Conclusions
___________________________________________________________________________________________________________________________|
Based on the research results, it was concluded that a multifunctional bow tuning tool to increase the
speed and accuracy of children's arrows in archery athletes is feasible to be implemented. This multi-
functional bow tuning tool increases the speed and accuracy of arrows consistently in archery athletes.
This product contains test results from the multifunctional bow tuning tool, text, and images. This de-
velopment product has advantages that make it easier for coaches and athletes to learn it because, with:
(1) instructions for use, (2) objectives to be achieved, (3) presentation of materials, (4) materials that
attract attention in the form of image and text explanations. The limitations in this study are that this
tool is still limited to compound bows and validation covers that are still available in Indonesia. Sugges-
tions for further research, namely testing its effectiveness in a more complex way and the form of the
tool to increase the accuracy of arrows in archery athletes, needs to be further developed to be better.
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