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Abstract 
Introduction: Agility is essential in volleyball. Accurate measurement helps identify talent, improve 
training, and reduce injury risk. However, common methods such as the T-agility test have limits in 
accuracy and practicality. Therefore, sensor-based technologies are developed to provide more 
objective and precise results. Objective: This study aims to create a low-cost and practical sensor 
system to measure volleyball agility. It focuses on developing a laser-based timing gate and evaluating 
its validity and reliability within a single session. Methodology: The participants were 25 collegiate 
volleyball players (age: 19.0 ± 0.88 years; height: 161.9 ± 7.19 cm; weight: 53.6 ± 9.15 kg). Each 
participant performed the T-test twice, and the average score was used for analysis. Intra-session 
reliability was assessed using the Intraclass Correlation Coefficient (ICC). Results: The laser timing 
system showed slightly faster results than the stopwatch in the first trial, slower results in the second, 
and overall faster average times across trials. Discussion: A low-cost laser-based agility system was 
successfully developed and tested against a manual stopwatch. The findings indicate acceptable validity 
and reliability. Faster times from the laser system are likely due to the removal of human reaction delays. 
This system is affordable, simple to use, and suitable as an alternative to expensive commercial timing 
devices, allowing wider access to objective performance measurement. Conclusions: The laser timing 
gate is a reliable and economical tool for assessing agility in volleyball players and is useful for research 
and training purposes. 
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A. Introduction  
Agility is the foundation of volleyball 

performance, enabling quick changes of 
direction, explosive movements, and 
effective responses to unexpected game 
situations. In volleyball, agility is one of the 
most important skills to possess (Muchlisin 
& Pasaribu, 2025). Accurate agility 
measurements are essential for identifying 
talent, optimizing training, and preventing 
injuries. The shift from traditional field 
tests to advanced computerized and sensor-
based systems reflects the growing demand 
in sports for objective, reliable, and 
actionable data (Matkarimov et al., 
2024)(Pocek et al., 2020)(Ye et al., 2025). 
However, challenges remain in ensuring 
that these methods are accessible, valid 
across various populations, and integrated 
with physiological and biomechanical 
insights. Measurements of agility in 
volleyball players encompass a variety of 
methodologies, ranging from traditional 
running and shuttle tests to advanced 
computerized systems that utilize sensors 
and real-time feedback devices. The Agility 
T-test is a widely used measure of agility in 
volleyball players, particularly for male 
athletes (Pramono et al., 2023), and female 
athletes as well (Bassa et al., 2024). 
Previous research (Mejía et al., 2024) 
Measuring agility using the T-test still 
traditionally relies on a stopwatch. 
However, this traditional method of 
measurement using a stopwatch is highly 
prone to producing low accuracy and 
consistency (Arief et al., 2023). Other 
studies have used timing-gate technology to 
prevent this (Erol et al., 2025)(Gandouzi et 
al., 2025). The results of the study indicate 
that instruments with a high level of validity 
are capable of producing more accurate and 
consistent data (Candra et al., 2025). 
Although this system offers objectivity, 
reliability, and a wealth of data, there are 
still challenges regarding accessibility, 
cost, and validation for adult professional 
athletes and athletes with disabilities (Li & 
Ji, 2021)(Lima et al., 2021)(Rebelo, 
2022)(Steff et al., 2024). 

Ongoing research and innovation are 
needed to bridge the gaps in test validation 
and the accessibility of laser gate 
technology. We aim to develop a low-cost, 
scalable sensor-based system to ensure 
broader accessibility. This initiative aims to 
ensure that agility measurements support 
the development and performance 
optimization of volleyball athletes at all 
levels and across all populations. Therefore, 
this study aims to: (i) develop and validate 
a laser-based timing gate to improve 
ecological validity, (ii) determine criterion 
validity by establishing the relationship 
between laser gate scores and traditional 
measurements, and (iii) test the absolute 
and relative intra-session reliability of the 
laser gate. 
 
B. Methods  

Participants 
Twenty-five (11 males and 14 females) 

students from the Health and Recreation 
Physical Education program volunteered to 
participate (Table 1). The inclusion criteria 
for students were: 1) not currently 
experiencing injury or major pathology in 
the ankle, knee, or hip; 2) playing volleyball 
for more than three hours per week; and 3) 
currently physically active. Participants 
were asked to learn the T-test agility 
procedure and perform the trial at least 
twice before data collection. Once they 
understood the procedure for the agility T-
test, each participant wore athletic shoes 
during data collection. Ethical approval for 
this study regarding the procedures and 
equipment was obtained from the review 
boards of STOK Bina Guna and 
Muhammadiyah University of Bangka 
Belitung, and all participants understood 
and verbally agreed that data collection was 
conducted for research purposes. 
 
Laser gate system 

The sensor hardware consists of two 
laser transmitter sensors (Figure 1a) and a 
laser receiver (Figure 1b) that function as a 
start/stop timer. The developed 
technological components are integrated 
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into the sensor hardware design. After the 
basic principles were studied, the 
implementation of a Bluetooth-enabled 
display (Figure 1c) facilitates 
communication between the sensor device 
and the display. Predictions regarding the 
capabilities of the technological elements 
have been validated through modeling and 
simulation. Laboratory experiments have 
confirmed the feasibility of the laser gate 

device. All devices have been approved by 
the institutional review boards of STOK 
Bina Guna and Muhammadiyah University 
of Bangka Belitung and labeled as devices 
with insignificant risk. 

 
 

 

 
Figure 1. Manufacturing of laser gate devices. 

 
Experimental environment 

The device was tested in the 
auditorium of Muhammadiyah University 
of Bangka Belitung (Figure 2). The ‘T’-
shaped pattern from the agility T-test used 
in a previous study was employed in this 
study (Steff et al., 2024). Laser gate 
sensors, mounted approximately 0.83 m 

above the ground, are positioned on either 
side of the start/finish line, 3 m apart. 
Examiners are stationed on the start/finish 
line. 
 
 
 

 
Figure 2. The experimental setup includes the layout of the laser gate apparatus. 

 
 

Agility T-test protocol 
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The protocol for conducting the agility 
T-test, as described by (Ho et al., 
2019)(Steff et al., 2024)(Gandouzi et al., 
2025), The subject traveled a total of 36.56 
m during the change of running direction. 
The subject faced forward throughout the 
entire run. As shown in Figure 2, the subject 
started at the first cone (A), ran forward 
9.14 m, and touched the second cone (B) 
with their right hand. Then, they 
sidestepped 4.57 m to the left to the third 
cone (C) and touched it with their left hand. 
From the third cone, the subject sidestepped 
9.14 m to the right to the fourth cone (D), 
touched it with their right hand, and then 
sidestepped 4.57 m back to the second cone 
(B) and touched it with their left hand. 
Finally, the subject runs backward to the 
starting position (A). The total time for the 
four-directional change of direction 
(CODS) is recorded by a laser gate device 
and a stopwatch operated by an experienced 
examiner. In this study, each subject 
performed two trials, and the average of the 
two trials was taken as the result. 
 
Data análisis 

Jamovi software (version 2.6.23.0) 
was used for all statistical analyses. Means 
and standard deviations were calculated 
after verifying the normality of the 
distribution using the Shapiro-Wilk 
statistic. Effect size estimates (ES), mean 
differences, and 95% confidence intervals 

(CI) were calculated. Criterion-related 
validity analysis was conducted by 
calculating the Pearson correlation (r) 
between the test scores. A paired t-test was 
used to evaluate the equivalence of the 
final results from the two trials. Intra-
session relative reliability was determined 
by calculating the Intraclass Correlation 
Coefficient (ICC). Absolute intra-session 
reliability was examined using a Bland-
Altman plot, and systematic bias ± random 
error was assessed using 95% limits of 
agreement (LOA). Significance for all 
statistical tests was set at p < 0.05. 
 
C. Result and Discussion  

Result 
All sets of measurement data obtained 

using the laser gate and stopwatch in each 
trial were normally distributed (p = 0.073–
0.666). The mean measurement results for 
the first trial using the laser gate were faster 
than those obtained using the stopwatch 
(14.5 ± 1.80 vs. 14.9 ± 1.71). The mean 
measurement result in the second trial using 
the laser gate was slower than that using a 
stopwatch (13.8 ± 1.71 vs 13.7 ± 1.51). The 
mean total measurement result from the 
first and second trials using the laser gate 
was faster than that using a stopwatch (14.2 
± 1.58 vs 14.3 ± 1.53). The results of this 
analysis are presented in Table 1. 

Table 1. Descriptive statistics and normality assessment 
   95% CI  Shapiro-Wilk 
 M SD Lower Upper SE W p 
TG1 14.5 1.800 13.8 15.3 0.360 0.927 0.073 
TG2 13.8 1.710 13.1 14.5 0.342 0.956 0.335 
TGA 14.2 1.584 13.5 14.8 0.317 0.935 0.115 
S1 14.9 1.710 14.2 15.6 0.342 0.971 0.666 
S2 13.7 1.518 13.1 14.4 0.304 0.969 0.617 
SA 14.3 1.537 13.7 14.9 0.307 0.964 0.495 
Age 19.0 0.889 18.6 19.3 0.178 0.759 <.001 
Height 161.9 7.193 159.0 164.9 1.439 0.931 0.093 
Weight 53.6 9.152 49.8 57.3 1.830 0.864 0.003 

Note. CI = Confidence Interval; M = Mean; S1 = Stopwatch trial 1; S2 = Stopwatch trial 2; SA = Stopwatch 
total; SE = Std. Error of Mean; SD = Std. Deviation; TG1 = Timming gate trial 1; TG2 = Timming gate trial 2; 
TGA = Timming gate total 
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Pearson’s correlation coefficients 

were calculated to analyze criterion 
validity (Table 2) between the tests 
administered, laser gate timing versus 
stopwatch timing for each trial and the 
total, as well as between the trial times of 
each test and the laser gate and stopwatch 
timing. The results showed “strong” to 
“very strong” significant correlations. The 
criterion validity correlations revealed very 
strong relationships between the two 
measurement methods for each trial as well 

as the total measurement results. 
Specifically, TG1 with S1 (r = 0.956), TG2 
with S2 (r = 0.746), and TGA with SA (r = 
0.922), supporting construct validity. Very 
strong correlations were also found 
between trials using laser gate timing: 
between TG1 and TG2 (r = 0.631), TG1 
and TGA (r = 0.908), and TG2 and TGA (r 
= 0.898). Similarly, strong correlations 
were found between trials in stopwatch 
measurements: between S1 and S2 (r = 
0.816), S1 and SA (r = 0.959), and S2 and 
SA (r = 0.947).

 
Table 2. Analysis of the correlation between the test trial

 
 TG1 TG2 TGA S1 S2 SA 
TG1 —           

TG2 0.631*** —         
TGA 0.908*** 0.898*** —       
S1 0.965*** 0.617** 0.881*** —     
S2 0.833*** 0.746*** 0.876*** 0.816*** —   
SA 0.947*** 0.711*** 0.922*** 0.959*** 0.947*** — 

Note. * p < .05; ** p < .01; *** p < .001. 
 
The absolute and relative inter-trial 
reliability indices are presented in Table 3. 
Reliability assessment followed a 
hierarchical evaluation: relative reliability 
(ICC) determines the degree of consistency. 
An ICC value ≥ 0.70 indicates acceptable 
reliability. A paired t-test evaluating the 

equivalence of the final results from two 
agility trials showed no significant 
difference (p = 0.252). A Bland-Altman plot 
(Figure 3) was constructed, with ±95% 
LOA, for inter-rater reliability within each 
session and mean test-retest reliability.

 
Table 3. Inter-trial reliability and equivalence analysis. 

 ICC (95%) Agreement t p Effect Size 
TG1-S1 0.964 (0.916-0.985) 0.946 -3.70 0.001 -0.741 
TG2-S2 0.741 (0.580-0.943) 0.748 0.260 0.797 0.052 
TGA-SA  0.921 (0.863-0.988) 0.920 -1.17 0.252 -0235 
TG1-TG2 0.630 (0.419-0.781) 0.590 1.38 0.026 0.475 
S1-S2 0.810 (0.482-0.834) 0.656 5.66 <.001 1.13 
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Figure 3. Bland-Altman plots inter-raters each sessions and mean test-retest. 

 

Discussion 
This study aimed to develop and 

validate a low-cost sensor-based agility 
measurement system using a laser timing 
gate and to examine the criterion validity 
and intra-session reliability compared to a 
conventional stopwatch during the T-agility 
test in college volleyball players. The 
findings indicate that the laser-based timing 
system produced measurement results that 
differed slightly from the manual stopwatch 
across all trials, with faster times recorded 
in the first trial and the overall average, and 
slower times observed in the second trial. 
Sensor-based measurements tend to offer 
higher accuracy and reliability compared to 
traditional stopwatch methods in various 
applications, including walking speed, 
running speed, reading speed, and athletic 
performance. However, the choice of 
measurement tools must consider the 
specific context and the required precision. 

The observed discrepancy between 
laser gate measurements and stopwatch 
readings is consistent with previous 
research highlighting the inherent 
limitations of manual timing methods 
(Bricker et al., 2016)(Dewanti & 
Hermawan, 2022)(Cleland et al., 2023). 

Stopwatch-based measurements rely 
heavily on human reaction times, which can 
introduce systematic and random errors, 
particularly in short-duration, high-
intensity tasks such as agility tests. In 
contrast, laser-based timing systems 
automatically start and stop the timing upon 
beam interruption, thereby reducing 
human-related variability and enhancing 
measurement objectivity. The faster 
average times recorded by the laser gate in 
the first trial and across all trials may reflect 
the elimination of delayed manual 
triggering typically associated with 
stopwatch use. Interestingly, the second 
trial yielded slower measurements with the 
laser gate compared to the stopwatch. This 
variation may be due to factors such as 
movement initiation strategies, body 
position relative to the laser beam, or minor 
inconsistencies that constitute potential 
inaccuracies in manual measurements 
(Radner et al., 2017). These findings 
underscore the sensitivity of sensor-based 
systems to precise movement mechanics, 
which, while potentially improving 
measurement accuracy, may also amplify 
inconsistent performance variations that 
can be captured by manual timing 
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measurements. The consistency of laser 
gate measurements across repeated trials 
demonstrates satisfactory intra-session 
reliability, reinforcing its suitability for 
repeated performance monitoring. Accurate 
agility assessments help in adjusting 
training loads to optimize performance and 
prevent injuries (Rebelo et al., 2025; 
Timoteo et al., 2025). Reliable 
measurements are crucial in the context of 
volleyball, where agility performance is 
often assessed to inform adjustments to 
training loads, talent identification, and 
injury prevention strategies.  

This study demonstrates that the 
development of low-cost, scalable sensor-
based solutions is entirely feasible. High-
end commercial timing systems are often 
prohibitively expensive and out of reach for 
many educational institutions and sports 
programs, particularly in developing 
regions. The proposed laser-based system 
offers a practical alternative that balances 
affordability with acceptable measurement 
accuracy and reliability, thereby expanding 
access to objective performance assessment 
technology. Nevertheless, this study has 
several limitations. The study’s sample size 
is relatively small and limited to college 
volleyball players, which may restrict the 
generalizability of the findings to other 
populations or sports. Furthermore, this 
study focused solely on the T-agility test; 
future research should examine the 
system’s application across various agility 
protocols and movement patterns. Further 
validation against gold-standard motion 
capture systems or high-speed camera 
systems would also strengthen the evidence 
of measurement accuracy. 

 
D. Conclusion  

The findings of this study indicate that 
the laser-based timing gate system 
developed provides an objective, reliable, 
and cost-effective method for assessing 
agility performance in volleyball players. 
Although there were slight differences 
compared to stopwatch measurements, the 
overall results support the criterion validity 

and practical utility of the system. The 
adoption of such sensor-based systems can 
enhance the quality of performance 
assessment in sports science research and 
applied training settings. 
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