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Abstract

Background. Agility, defined as the physical attribute that enables individuals to swiftly alter their direction, is
assessed through various tests, including body type assessments and sport-specific evaluations. It encompasses
rapid alterations in the entire body, movements, and limb orientation. Agility plays a pivotal role in sports such as
basketball, soccer, and racquetball, where prompt directional changes and precise body control are indispensable.
Notably, the 505 test stands as the most reliable agility test, exhibiting a correlation with acceleration but not with
speed. It monitors both speed and agility development. However, the prohibitive cost and accessibility challenges
associated with the timing gate technology in Indonesia restrict its widespread application. Consequently, local sports
practitioners continue to employ conventional stopwatches for their assessments.

Objectives. The objective of this study was to develop a low-cost timing gate prototype that will be validated and
approved by local users in Indonesia. The study evaluated the agreement between the 505 Agility Test measures,
which utilize a stopwatch and a timing gate device that was constructed by the authors of the present study.
Materials and Methods. The test protocol was administered to 40 fifth-semester students (9 females and 31 males)

from the physical education study program in Indonesia.

Results. The timing gate prototype was 0.19 seconds faster than the stopwatch measurement results (p <0.05). The
prototype has also demonstrated excellent reliability. The Intraclass Correlation Coefficient (ICC) was found to be
0.920, with a 95% Confidence Interval (CI) of 0.848-0.958. Bland-Altman plots revealed a good level of agreement

with the prototype.

Conclusions. The findings indicate that the timing gate prototype is a potential replacement with a low cost for
measuring timing results from conventional 505 agility tests using a stopwatch.

Keywords: 505 agility test, agility, timing gate, prototype.

Introduction

The physical ability to quickly change direction is
known as agility (Lockie et al., 2003; Lockie et al., 2017;
Spencer et al., 2005). Several types of tests can be used to
measure the agility of an athlete, including a variety of body
types and sport-specific tests (Firdausi & Simbolon, 2021).
Agility was traditionally defined as the ability to change
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direction quickly and accurately, but some authors have
defined agility as a change in the direction of the entire body
as well as rapid movements and changes in the direction of
the limbs (Sheppard & Young, 2006). Agility is the ability
to change the position and direction of the body quickly
and efficiently (Hoeger, 2008). Agility is a rapid change in
the direction or speed of the whole body in response to an
activity that requires a stimulus (Dawes & Roozen, 2012).
Agility is one of the most commonly measured variables
during athlete performance testing (Miranda et al., 2016).
Agility is important in sports such as basketball, soccer,
and racquetball, where participants must change direction

1450



Chaeroni, A., Huda, A., Sombolon, M. E. M., Firdausi, D. K. A., Pebriandani, C., & Andristi, G. (2025). The Development and Validation
of a Low-Cost Timing Gate Prototype as an Alternative to a Stopwatch in Agility Testing

quickly and also maintain proper body control (Hoeger,
2008). The 505 test is the most valid agility test because it
produces the highest correlation with acceleration in the
reverse phase of the test; however, this test is not highly
correlated with speed (Sheppard & Young, 2006). The
purpose of this test is to monitor the development of the
athlete’s speed and agility (Mackenzie, 2008).

The procedure for implementing the 505 agility test
requires assistance in operating a stopwatch (Mackenzie,
2008). The innovation called the timing gate basically
already exists, but this technology is still difficult for
people in Indonesia to reach. The electronic timing gates
(Witty Timer, Bolzano, Italy) for 2,012.4 pounds sterling
was employed in earlier research (Balsalobre-Fernandez et
al., 2019; Stojanovi¢ et al., 2019). An electronic timing gate
(PR1aW, Alge-Timing GmbH, Austria) with an accuracy
of one hundredth of a second used in previous studies,
costs 482.5 euros only for one part photocell (Htlka et
al., 2018). Another study measured agility using a Brower
timing system (Brower Timing System, Salt Lake City, UT,
USA) costing USD 1,358 (Spasic et al., 2013). The purchase
price of this technology is expensive and must be imported
from abroad, so sports practitioners still take conventional
measurements using a stopwatch.

Although infrared distance measuring technology has
been widely employed in a variety of scientific sectors, it
is currently underutilized in the field of sports testing and
assessments. Infrared sensors are currently being employed
in the construction of measuring devices on a national scale
(Pribadi & Haryono, 2011). The leg power measurement
gadget that uses infrared technology has a high validity value
and a very high reliability value, according to statistical cal-
culations (Haryono & Pribadi, 2012). This demonstrates how
infrared technology may be used and developed in sports
testing and monitoring. The aim of this research is to cre-
ate a low-cost timing gate product. So that this timing gate
product can be accepted by local users, we tested its validity.

Materials and Methods

Study Participants

The sample consisted of 40 fifth-semester students (9
female and 31 male) from the physical education study
program at in Indonesia. Ethical approval has been obtained
from the review board of the research and community service
institutions of Padang State University and Muhammadiyah
University of Bangka Belitung. With number 02.01/KEPK-
UNP/IL. The sample understands well the procedures for
carrying out the 505 agility test.

Test Protocol

The 505 agility test is used to assess an athlete’s speed
and agility when performing a 180-degree turn (Mackenzie,
2008). The following (Figure 1) is the procedure for
performing the 505 agility test with the timing gate system:
(1) Athletes line up 10 meters from the laser timing system
sensor device at the starting line; (2) Athletes sprint from
the starting line to the 10-meter line (using a laser timing
system) (at this distance the athlete increases speed); (3)
The timer will begin automatically when the athlete passes

Start and Stop
timing gate
@ 0)

Fig. 1. The track of 505 agility test

the laser on the 10-meter line; (4) The athlete runs to the
15-meter line (turn line), then circles back to the starting
line; (5) The timer will automatically stop when the athlete
passes the laser on the 10-meter line again; and (6) The time
is recorded as a result of the 505 agility test. Meanwhile,
measurements are carried out with a stopwatch operated by
an experienced tester.

Data Collection and Analysis

We evaluated the agreement between the 505 Agility
Test measures using a stopwatch that we utilized and a timing
gate device that we constructed. Reliability between timing
gate and stopwatch product readings based on the intraclass
correlation coefficient (ICC) (Manson et al., 2014; Peebles
et al., 2018). If the ICC value between measurements was
greater than 0.50, the tested measuring device was considered
to have appropriate stability; if it was greater than or equal
0.80, it was considered to have high stability (Rusdiana et
al,, 2021). A 0.9 ICC rating was considered excellent, a 0.9
to 0.75 value was considered good, a 0.75 to 0.5 value was
considered moderate, and a value less than 0.5 was considered
poor (Koo & Li, 2016; Peebles et al., 2018; Rusdiana et al.,
2021). The paired t-test was performed to identify the two
differences measurements mean performance (Parente et al.,
2019; Perrotta et al., 2023; Rusdiana et al., 2021). A statistical
tool called the Bland-Altman plot is used to compare two
measurement methods (Alzahrani et al., 2015; Bravi et al.,
2023; Hui et al., 2018). A Bland-Altman Plot can be used for
this assessment (Bian et al., 2022). Bland-Altman analysis
shows systematic error (bias) of the measurement results
(Bruzzo et al., 2020; Gupta et al., 2009; Maeda et al., 2023;
Stitt et al., 2021). SPSS (Version 26) was used for all statistical
analysis, with significance set at 0.05.

Results

The laser-assisted 505 agility test instrument product
is made according to the initial planning and design. The
product is made up of several parts, including a laser
transmitter and receiver (Figure 2), and a smartphone
application (Figure 3).

The Transmission Control Protocol/Internet Protocol
(TCP/IP) facilitates communication between sensor de-
vices and applications on smartphones. The Transmission
Control Protocol/Internet Protocol (TCP/IP) suite is a fun-
damental set of communication protocols that underpin
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Fig. 2. Laser Receiver (a) and Transmitter (b)

the Internet and private networks, including intranets and
extranets (Feng et al., 2025). It consists of multiple layers,
each with its own set of protocols, such as Wi-Fi, IP, TCP,
and HTTP, which work together to facilitate data trans-
mission (Alsahli et al., 2024). TCP/IP is designed to en-
sure reliable, ordered, and error-free data delivery between
client and server (Moradiya & Popat, 2024). The signal is
transmitted from the smartphone application to the sensor
through the server, indicating that the sensor is prepared
for operation. Upon the testee’s commencement of jogging
and upon crossing the ten-meter mark, the sensor transmits
a signal to initiate timing via the server to the smartphone
application. Similarly, when completing a 180-degree turn at
the 15-meter mark and passing the sensor at the ten-meter
mark, the sensor transmits a signal through the server to the
smartphone application to halt and log the testee’s time. The
smartphone application presents time in milliseconds, sec-
onds, and minutes. So that the outcomes of the testee’s travel
throughout the 505-agility test may be objectively assessed.

00:00:00

Fig. 3. The app display on smart phone

Table 1. The 505 agility test data description

505 Agility Test
Stopwatch The Prototype
(Test 1) (Test 2)
n 40 40
Mean 3.15 2.96
Median 3.05 3.02
Mode 3.04 3.01
Standard Deviation 0.73086 0.55472
Range 2.97 1.99
Minimum 2.05 2.05
Maximum 5.02 4.04
Sum 126 118.64

Table 2 shown the timing gates product has excellent
reliability (ICC = 0.920) on average measures with 95%
Confidence Interval (CI = 0.848 - 0.958). Meanwhile, in
single measures with 95% Confidence Interval (CI = 0.736
- 0.918) the timing gates product has strong correlation
(ICC = 0.851). values between 0.75 and 0.9 indicate strong
correlation or good reliability (Kerdaoui et al., 2021;
Moradiya & Popat, 2024).

Table 2. The intraclass correlation coeflicient

Tt redles 95% Confidence Interval
Correlation [ ywer Bound Upper Bound
Single Measures .851 0.736 0.918
Average Measures 920 0.848 0.958

Based on the findings of the investigation utilizing the
paired t-test (Table 3), there is a significant difference (p
<0.05) between the measurement results using timing gates
product and stopwatch.

Table 3. The paired samples test

Paired Differences

Mean -0.18400
Std. Deviation 0.35386
Std. Error Mean 0.05595
95% Confidence [ gyer -0.29717
Interval of the
Difference Upper -0.07083
t -3.289
df 39
Sig. (2-tailed) 0.002

Figure 4 shows Bland-Altman plots with bias of differ-
ence (mean diff = 0.184), upper limit (+1.96 SD = 1.750),
and lower limit (-1.96 SD = -1.382). The Bland-Altman test
results show good agreement between measurements. Inter-
observer agreement tests on measurements of 40 samples
between the prototype and stopwatch for 505 agility tests
showed that there were differences in mean differences.
However, a difference of >95% means it is still within that
area (mean + 1.96 SD). These results indicate that the use of
timing gates prototype has a high level of stability.

Deferrence (Test 1 and Test2)

200 250 300 350 400 450

Mean (Test 1 and Test 2)

Fig. 4. The Bland-Altman Plots of 505 Agility Test Using
Stopwatch (Test 1) and Timing Gate Prototype (Test 2)

1452



Chaeroni, A., Huda, A., Sombolon, M. E. M., Firdausi, D. K. A., Pebriandani, C., & Andristi, G. (2025). The Development and Validation
of a Low-Cost Timing Gate Prototype as an Alternative to a Stopwatch in Agility Testing

Discussion

Based on the results of the paired t-test, differences were
found between the measurement results using a stopwatch
and the timing gate prototype. The timing gate prototype is
0.19 seconds faster than the stopwatch measurement results.
We determined that a human mistake during the stopwatch
operation during the 505 agility test was the cause of this.
When compared between measurements using a timing
gate and a stopwatch, it shows that measurements using a
stopwatch have an average error of 0.17 seconds (Hribernik
et al.,, 2021). The average measurement result using the
prototype timing gate is 2.96 seconds. According to other
studies, the average 505 agility test score was 2.7 seconds
(Sonesson et al., 2020). The results of other studies show an
average test result of 4.32 seconds (Stojanovi¢ et al., 2019).
Differences in subjects influence differences in 505 agility
test results, the criteria for agility measurement results must
be adjusted to the characteristics of each subject.

The timing gates prototype has excellent reliability (ICC
= 0.920), these results are in accordance with several previous
studies. In 505 agility test measurements, prior research em-
ploying a timing gate (Browser TC Timing System, Biederitz,
Germany) established an ICC = 0.85 (Kadlubowski et al.,
2020). After assessing 505 agility tests using an electronic tim-
ing system (Microgate, Bolzano, Italy) and a test-retest meth-
od, it was discovered that ICC = 0.80 (Kerdaoui et al., 2021).
Similarly, reported ICC of 0.92, 0.82, and 0.88 (Bakaldr et al.,
2020; Hopper et al., 2017; Sonesson et al., 2020). Lastly, there is
a great degree of stability when using a timing gate prototype.
The Bland-Altman test results provide good agreement across
measurements, and the mean discrepancies between the pro-
totype and stopwatch for the 505 agility tests are shown in the
inter-observer agreement tests, suggesting strong stability.

Conclusions

A potential alternative for assessing the results of time
records from the 505 agility test is the timing gate prototype.
The timing gate prototype exhibited a time difference of
0.19 seconds, illustrating the capacity of the measurement
data to generate more objective outcomes. Furthermore, the
utilization of local manufacture and components confers a
cost advantage to the prototype in development.
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ABTOpCHKIMIT BKIAM: A — FU3aiH KOCTiIKeHHsT; B — 36ip ganux; C - crarananis; D - migrotoska pykomucy; E - 36ip xomTis

Pegepar. Crartst: 6 c., 3 Tab., 4 puc., 39 mxeper.

Icropia nutanus. CIpUTHICTD, 110 BU3HAYAETHCA K (PisMYHA BIaCTUBICTD, 3aB/AKY SAKill JIFO/{HA MOXKe IIBUIKO 3MiHIOBATH
HAIPSIMOK PYXY, OLIHIOETHCSI 32 IONOMOTOI0 PI3HMX TeCTiB, BK/IIOYAIOYM aHA/I3 TUITY CTATYPYU Ta BUSHAYEHHS CIeNMITHIUX It
BUJY CIIOPTY IIOKa3HMKiB. BoHa nepen6auae MBMUIKY 3MiHY IOJIOKEHHA BCbOTO Tia, PyXiB Ta opieHTyBaHHA KiHIiBOoK. Criput-
HICTB Bifjirpa€e K/II090BY POJIb y TAKMX BUJIAX CIIOPTY, AK 6ackeT6071, HyTOO/ Ta pakeTOOI, ie HeoOXifHI MBU/KI 3MiHY HATIPSMKY
PYXy Ta TOYHMIT KOHTPO/b MOAOKeHHA Tina. Cuif sasHaunT, mwo TecT 505 € HallHAIHINIMM TeCTOM Ha CIIPUTHICTD, AKUI Jie-
MOHCTPY€E KOPeJIALilo 3 IPUCKOPEHHAM, a He 3i IIBU/IKICTIO. BiH KOHTPOJIIOE PO3BUTOK AK IIBUIKOCTI, TaK i cipuTHOCTI. OffHaK
BIICOKA BapTiCTb Ta Mpob/ieMaTiKa JOCTYIHOCT], 0B sI3aHi 3 TEXHO/IOTI€I0 YaCOBOTO CelleKTOpa B IH/IOHE3i1, 0OMeXyIoTh IMpokKe
3aCTOCYBaHHA 3a3HaYeHol MeTofauK. SIK HacmifjoK, MicieBi (axiBIii y ramysi copTy IpofOBXYIOTh BUKOPUCTOBYBATH 3BUYAlTHI
CEKYHJOMipH JI/Is IPOBEJIeHHS aHali3y.

Merta gocimKeHH:A. MeTolo IIbOro JOCTIPKeHH: 6Y/I0 po3po6/IeHHA 6I0/KeTHOTO IPOTOTUITY YaCOBOTO CEIeKTOPa, 110 IIPO-
XOOUTHUME BaJTifjaIfiro Ta BI/IHpO6OByBaHHH MicueBMMM KOpUCTyBadaMu B [H710He3ii. Y mocimKkeHHI IpoBeieHO OLiHKY y3romKe-
HOCTi MK IOKasHMKaMM TecTy 505 Ha CIIPUTHICTD, [/I AKOTO BUKOPUCTOBYIOTHCA CEKYHOMIP i PUCTPIiil 4aCOBOTO CENEKTOPa,
CKOHCTPYJOBaHMI1 aBTOPaMM IIP€J,CTAB/I€HOTO JOCIi/[KEHHS.

Marepianu Ta MeTomu. IIpOTOKO/ TeCTyBaHH:A 3aCTOCOBAHO J10 40 CTYAEHTIB II'siToro ceMecTpy (9 ocib >xiHouoi crari Ta 31
0co6a 40/10Biu0i CTaTi), SIKi HABYA/INCS 32 IPOrPaMoro (i3NIHOr0 BUXOBAHHS B [H/[OHE3I.

Pesynbratu. IIpotorumn yacoBoro cenexropa 0ys Ha 0.19 ceKyHIM IIBMAIINM 32 pe3y/IbTaTU BUMipIOBaHHA CEKYHIOMIpOM
(p <0.05). IIpoToTHII TAKOX IIPOIEMOHCTPYBaB BUCOKY HafliltHicTh. KoedilienT BHyTpimHboKTacoBoi kopenanii (ICC) cranoBus
0.920, 3 goBipunm intepsanom (JJI) 95% Big 0.848 mo 0.958. Jliarpamu Braxpga- AnbTMaHa IIOKa3a XOPOUINIT PiBEHb y3ro/pKe-
HOCTI 3 IIPOTOTUIIOM.

BucnoBku. Pesynbratu OCiKeHH CBiYaTh, 1[0 IIPOTOTHUII YaCOBOTO CEJIEKTOPA € HOTEHIIITHIM 6I0/>)KETHUM 3aMiHHIKOM
IJ1A BUMiPIOBaHHA Pe3Y/IbTaTiB YaCOBMX IIOKA3HMKIB Y CTAaHJAPTHUX TecTax 505 Ha CIPUTHICTD i3 BUKOPUCTaHHAM CEKYHOMIpa.

Knrouosi cmoBa: Tect 505 Ha CIPUTHICTD, CIIPUTHICTD, YACOBUIA CE/IEKTOP, TPOTOTMUIL
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