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Abstract 
Study purpose. This research aims to evaluate and analyze the Final Time (FT), Split Time (ST), and Reaction Time 
(RT) records of 100-meter butterfly swimmers in four Olympic events in order to provide benchmarks and standards 
for the development of swimming training.
Materials and methods. This research combines quantitative and qualitative approaches. This study utilized a sample 
of 32 athletes ranked first through eighth who competed in the 100-meter butterfly at four Olympics: the 2008 Beijing 
Olympics, 2012 London Olympics, 2016 Rio Olympics, and 2021 Tokyo Olympics. It utilizes secondary data in which 
all time results are obtained from the website (http://www.fina.org). The descriptive statistics of mean and standard 
deviation were utilized for statistical analysis in this study. The Kolmogorov-Smirnov test was used to determine 
data normality. For comparing data between Olympiads, a one-way multi-comparison ANOVA was used to verify 
interactions between RT, ST, and FT across Olympiads. To determine the effect of RT and ST on FT, one-way linear 
regression was used with a significance level of p<0.05 as a standard. SPSS Inc., Chicago, IL, USA, was utilized for all 
analyses.
Results. ST and RT were found to influence the achievement of FT in the 100-meter butterfly stroke, and RT had an 
effect of 0,712 (51%), for both male and female swimmers, on the achievement of the time in the first 50 meters.
Conclusions. The conclusion is that both athletes and coaches are required to optimize the achievement of RT and 
ST in short-distance swimming because these two indicators play a crucial role in achieving the travel time of short-
distance swimmers.
Keywords: reaction time, final time, split time, swimming.
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Introduction

In every European, world and Olympic swimming 
championship, there is always a record-breaking swimming 
time for all events (Marinho et al., 2020). This is inseparable 
from the ingenuity of the coach in maximising every movement 
of the swimmers. Swimming movements have high complexity, 
such as when starting and turning, dolphin and hand pull 
(Morais, Marinho, et al., 2019; Tourny-Chollet et al., 2010). 

Hand drag kinematics is another essential element of 
the results of butterfly stroke swimming (Strzała et al., 2017). 

In addition, adjustments to match distances (short, medium 
and long distances) are also a separate consideration 
for a coach in determining appropriate movements and 
techniques as well as pace time for each event (McGibbon et 
al., 2018; Menting et al., 2019; K. G. Thompson et al., 2000). 

In swimming, small motion errors will cause 
hydrodynamic resistance  (Washino et al., 2019), so coaches 
must pay attention to the movements' details and the energy 
athletes use. Coaches must use match data such as RT, ST, 
and FT combined with video recordings to analyse swimmer 
performance (Gonjo & Olstad, 2021). 

A 100-meter butterfly stroke is a fast number or short 
distance that must be supported by several indicators such 
as reaction time (RT), force technique, low resistance when 
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entering the water, underwater glide, and underwater 
propulsion (Bishop et al., 2013; Potdevin et al., 2011). A 
coach must pay attention to long jump performance in 
swimming athletes to positively impact achieving reaction 
time(Rebutini et al., 2016). 

Swimming speed can be defined as the speed at which a 
swimmer completes a distance and is an important variable 
to monitor to get better performance (Gordon et al., 2015; G. 
K. Thompson, 2014). Therefore, proper swimming speed is 
essential to avoid unwanted sudden onset of fatigue, leading to 
loss of strength, coordination and stroke speed (Mauger et al., 
2012; Taylor et al., 2016; G. K. Thompson, 2014). Competitive 
and elite swimmers can constantly repeat swimming speeds 
under different conditions (Skorski et al., 2013, 2014). 

This research aims to evaluate and analyse records of 
final travel time, ST, and reaction time to determine the 
performance developments of athletes swimming in the 
100-meter butterfly at the four Olympics. The urgency in 
this study is that the evaluation of FT, ST and RT is critical 
to be applied to swimming training even though. Currently, 
swimming coaches do not understand the standards of 
swimmer success as measured by these three indicators.

Materials and methods

Study participants

In this study, the type of research used is a combination 
of quantitative and qualitative with descriptive methods. 
There were 32 athletes ranked 1-8 participating in this study. 
They participated in the 100-meter butterfly swimming 
competition at four Olympics: the 2008 Beijing Olympics, 
the 2012 London Olympics, the 2016 Rio Olympics, and the 
2021 Tokyo Olympics.

Study design

The data source in this study uses secondary data where 
all travel time results, such as speed of 100 meters, every 50 
meters, and RT, is taken from the website (www.fina.org, 
2022) This study did not use the consent form as a sample 
because the data taken is secondary data validated through 
the official website for every Olympics.

Statistical analysis

Descriptive statistics are presented as mean and 
standard deviation. Data normality was performed using 
the Kolmogorov-Smirnov test. For comparing data between 
Olympiads, one-way multi-comparison ANOVA was used 
to verify the interaction between the different Olympiads’ 
reaction time (RT) and final time (FT). To see the effect of 
RT with FT using one-way linear regression. The adopted 
significance level is p <0,05. All analyzes were performed 
using statistics for the Social Sciences software (SPSS Inc., 
Chicago, IL, USA).

Results

Fig. 1 describes the two normally distributed data with 
a probability value of more than 0.05. Furthermore, the 
respective averages of the reaction time for each Olympic 
event for both male and female athletes were stated to be 
different from the sig. < than 0.05 (Table 1).

Table 2 describes the average first and second ST 
achievements of swimmers at the Olympics in the 100-meter 
butterfly for both men and women. It can be seen in table 3 
that the best first and second splits were during the Tokyo 
Olympics (men’s 23.763/26.882 seconds and women’s 
26.255/29.886 seconds)

Table 1. Profile of the 8 Best Swimmers at Each Olympic Event

Rank Sex Beijing 
2008

age 
(Years)

Height 
(cm)

London 
2012

age 
(Years)

Height 
(cm)

Rio
2016

age 
(Years)

Height 
(cm)

Tokyo 
2021

age 
(Years)

Height 
(cm)

1
Pa MP 23 193 MP 27 193 JS 21 184 CD 24 191
Pi LT 23 167 DV 24 185 SS 22 182 MM 21 169

2
Pa MC 24 197 CLC 20 189 MP 31 193 KM 21 190
Pi CM 22 185 LY 23 175 PO 16 186 YZ 23 176

3
Pa AL 21 186 YK 29 197 C£ 24 189 NP 20 192
Pi JS 21 170 AC 24 176 DV 28 185 EM 27 180

4
Pa 1С 25 193 MC 28 197 LC 30 188 AM 19 187
Pi ZY 24 SS 18 182 YL 27 175 TH 18 173

5
Pa JD 21 183 SD 25 186 ZL 17 183 JM 20
Pi TL 18 160 IB 22 170 RK 16 170 LH 24 187

6
Pa TF 23 184 JV 24 ISO MM 24 191 MT 22
Pi JL 18 171 JO 24 178 EM 22 180 MW 24 180

7
Pa AS 25 188 TM 24 180 TS 25 193 LCM 25 183
Pi GS 19 166 CD 23 170 JO 28 178 SS 27 182

8
Pa RP 26 196 КС 23 195 AS 19 JM 18
Pi ID 22 183 EG 20 170 XC 18 178 AS 18 182
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Table 2. Details of Mean ST Records in the Four Olympics 
Men’s and Women’s Athletes

Olympic n
Split Time 1st Split Time 2nd

Mean
(second) S.Dev Mean 

(second) S.Dev

Male
Beijing 2008 8 23.911 0.340 27.319 0.456
London 2012 8 24.077 0.299 27.545 0.517
Rio 2016 8 24.058 0.199 27.218 0.344
Tokyo 2021 8 23.763 0.377 26.882 0.444
Female
Beijing 2008 8 27.123 0.428 30.661 0.366
London 2012 8 26.602 0.250 30.402 0.518
Rio 2016 8 26.421 0.319 30.208 0.496
Tokyo 2021 8 26.255 0.384 29.886 0.437

Table 3. Details of ST Records in the Four Men’s Athlete 
Olympiads

No Split Time N Normality F Sig

Male
1 Split Time 1st 

32
0.536 1.764 0.177

2 Split Time 2nd 0.547 3.061 0.044
Female
1 Split Time 1st 

32
0.007 1.190 0.331

2 Split Time 2nd 0.007 1.080 0.374

Table 4. The results Olympics on the 100-meter butterfly event

Uji statistic Olympiad N
Subset for alpha = 0,05

1 
(second)

2 
(second)

Male

Tukey HSD

Tokyo 2021 8 50.65
Beijing 2008 8 51.23 51.23
Rio 2016 8 51.28 51.28
London 2012 8 51.68
Sig. 0.078

Female

Tukey HSD

Tokyo 2021 8 56.14
Rio 2016 8 57.05 57.05
London 2012 8 57.10 57.10
Beijing 2008 8 57.70
Sig. 0.111

Fig. 2. The average travel time of 100 meters butterfly at each 
Olympics

Table 3 describes only ST in male athletes normally 
distributed with a probability value of more than 0.05. 
Furthermore, only the second ST of the male athlete was 
stated to be different from sig. < than 0.05.

Fig. 2 explains that both data are normally distributed 
with a probability value of more than 0.05. Furthermore, the 
average travel time for each Olympic event in the 100-meter 
butterfly for both male and female athletes is stated to be 
different from the sig. < than 0.05.

Table 4 explains that in the 4 Olympics held in the 
100-meter butterfly event, only the London and Tokyo 
Olympics had different average travel times for male athletes. 
In comparison, the female athletes at the Beijing 2008 and 
Tokyo 2021 Olympics had other has an average travel time 
of 100 meters in different butterfly strokes. These two groups 
show that the Tokyo 2021 Olympics is the best organizer on 
the average travel time indicator for the 100-meter butterfly.

Table 5. The similarity of Average Reaction Time in the 
Swimming Olympics Number 100 Butterfly Stroke

Uji statistic Kejuaraan N
Subset for alpha = 0,05
1 (m/s) 2 (m/s)

Male

Tukey HSD

Tokyo 2021 8 0.632
Rio 2016 8 0.68 0.68
London 2012 8 0.70
Beijing 2008 8 0.73
Sig. 0.128 0.069

Female

Tukey HSD

Tokyo 2021 8 0.67
London 2012 8 0.71 0.71
Rio 2016 8 0.73 0.73
Beijing 2008 8 0.76
Sig. 0.135

Fig. 1. Average RT 100 meters butterfly at each Olympics
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Table 6. The effect of ST, RT on FT in all Olympic events

R Square F Sig.
Male
ST 1st vs FT Male 0.328 14.657 0.001
ST 2nd vs FT Male 0.713 74.565 0.000
RT vs FT (Male) 0.160 2.389 0.023
Female
ST 1st vs FT Female 0.996 7806.906 0.000
ST 2nd vs FT Female 0.997 10973.351 0.000
RT vs FT (Female) 0.876 2.215 0.000

Table 7. Effect of RT on First ST

R Square F Sig.
Male and Female
RT vs Split 1st 0.712 153.013 0.000

Table 5 explains that the reaction time for the men’s 
swimmers in the 2008 Beijing 2008, London 2012 and Tokyo 
2021 Olympics was significantly different. The reaction time 
for the 2021 Tokyo Olympics is the fastest reaction time from 
the 2 previous Olympics. For female athletes, the difference 
in reaction time only occurred in the 2008 Beijing and 2021 
Tokyo Olympics.

Table 6 explains that the two indicators, ST and RT, 
influence the achievement of FT in the 100-meter butterfly 
stroke.

Table 7 explains that the RT ability of male and female 
swimmers has an effect of 0.712 (51%) on achieving the first 
50 meters in the 100 meters butterfly event.

Discussion

This study aims to provide benchmarks and standards in 
the development of swimming sports training, especially in 
the 100-meter butterfly stroke. This analysis is based on the 
two categories of ST and RT in swimmers who entered the 
final round at the Olympics from 2008 to 2021.

The findings in this study are that the ST travel time in 
the last 50 meters has differences in each Olympics. This 
is in accordance with the results of research (Robertson et 
al., 2009), which found that ST management will affect the 
achievement of travel time at the end of the race. The last ST 
50 meters is a critical travel time for swimmers. In all Olympic 
events, there is a slowdown in the stroke. This causes a delay 
in the ST travel time due to physiological limitations of the 
body in supporting performance to increase speed in the last 
50 meters (Morais, Barbosa, et al., 2019; Tucker et al., 2006). 

The first ST speed is caused by optimal starting support, 
where starting ability is also supported by high leg muscle 
strength (Keiner et al., 2021; Thng et al., 2020). Furthermore, 
the body's physiological ability to maximize the energy 
released will also help optimize performance in maximizing 
all swimming movements (Barbosa et al., 2008; Nordsborg 
et al., 2014). Breaststroke and butterfly stroke have a higher 
energy expenditure value than freestyle and backstroke 
(Barbosa et al., 2006; Strzała et al., 2012, 2017). 

This study also found that RT (RT) in every Olympics, 
both male and female, had different travel times. This 
difference indicates that every coach and athlete has set the 
same strategy for improving their performance when starting 
a swimming competition. RT achievements also relate to 
the final performance of swimming athletes (Everett, 2015; 
Lima, 2016; Seifert et al., 2011). 

Previous research stated that final travel time was strongly 
influenced by net swimming speed, shot reaction time at the 
start, stroke frequency and stroke length (Markovic et al., 
2014). This speed of reaction is also supported by the athlete's 
ability to start (Cuenca-Fernández et al., 2015; Marinho et 
al., 2021). Support for the quality of athletic starts is also an 
indicator of promoting an athlete's swimming performance 
(Garcia-Hermoso et al., 2013). These facts suggest that 
coaches should apply all the kinematic elements of the 
training season and try to identify optimal swimming speed 
(ratio of stroke speed to long stroke) for swimmers (Vasic et 
al., 2021).

This study also found that RT influenced the target 
travel time at the first ST. This study found that RT can affect 
the first ST by 50%. This is the same as several studies which 
state that optimal RT will provide a path to the swimmer's 
shot timing policy (da Silva et al., 2019). However, other 
variables also affect it, such as the force applied to the block, 
low resistance when entering the water, underwater slides 
and underwater propulsion (Bishop et al., 2013; Potdevin et 
al., 2011; Rebutini et al., 2016).

Viewed in this study, it can be interpreted that from 
the Beijing Olympics (2008) to the Tokyo Olympics, there 
has been a change in the reaction time performance policy 
strategy. The findings from this study show RT affects the 
attack time of the 100-meter butterfly stroke, so RT here will 
positively impact swimmer speed (Draheim et al., 2019).

RT itself is influenced by the athlete's ability to capture 
start instructions in audiovisual form. In sports, an athlete's 
swimming ability in receiving stimuli from the committee's 
instructions also determines how fast the RT gets; most of 
these stimuli are in the form of audiovisual. Like runners, 
swimmers are very good at capturing audiovisual stimuli, 
which will later be continued in the form of RT (Nuri et al., 
2013).

Conclusions

This study concludes that the implementation of each 
Olympics in swimming in the 100-meter butterfly event 
has a different average of FT and RT in each event. Every 
performance of FT and RT shows changes that are getting 
faster in both. Furthermore, there is the influence of RT on 
the desire for FT; although this effect is minimal, it strongly 
impacts the willingness of the first ST.
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АНАЛІЗ ЗАРЕЄСТРОВАНИХ ПОКАЗНИКІВ ЧАСУ РЕАКЦІЇ, 
ПРОМІЖНОГО ЧАСУ ТА КІНЦЕВОГО ЧАСУ СПОРТСМЕНІВ-
ПЛАВЦІВ НА ОЛІМПІЙСЬКИХ ІГРАХ 2008-2021 РР.

Баю Агун Прамоно1ABCD, Єтті Септьяні Мустар1ABC, Срі Сумартінініcіх2ABC, Імам 
Марсуді1BD, Агус Харіянто1BD, Мухаммад Асрул Сідік1BD, І Дева Маде Арянанда Кусума1BD

1Сурабайський державний університет 
2Семарангський державний університет

Авторський вклад: A – дизайн дослідження; B – збір даних; C – статаналіз; D – підготовка рукопису; E – збір коштів

Реферат. Стаття: 7 с., 7 табл., 2 рис., 39 джерел. 

Мета дослідження. Метою цього дослідження є оцінка та аналіз зареєстрованих показників кінцевого часу (КЧ), 
проміжного часу (ПЧ) та часу реакції (ЧР) плавців батерфляєм на дистанції 100 метрів у чотирьох олімпійських змаган-
нях із метою забезпечення контрольних показників і стандартів для розвитку навчання плавання.

Матеріали та методи. Це дослідження поєднує в собі кількісний і якісний підходи. У цьому дослідженні використову-
вали вибірку з 32 спортсменів з першої по восьму категорії, які змагалися на дистанції 100 метрів батерфляєм на чотирьох 
Олімпійських іграх: Олімпіаді 2008 року в Пекіні, Олімпіаді 2012 року в Лондоні, Олімпіаді 2016 року в Ріо-де-Жанейро 
та Олімпіаді 2021 року в Токіо. У дослідженні використовують вторинні дані, у яких усі часові результати одержані з веб-
сайту (http://www.fina.org). У цьому дослідженні для статистичного аналізу використовували описову статистику серед-
нього та стандартного відхилення. Для визначення нормальності даних використовували тест Колмогорова-Смирнова. 
Для порівняння даних між олімпіадами використовували однофакторний дисперсійний аналіз із критерієм множинного 
порівняння, щоб перевірити взаємодію між ЧР, ПЧ та КЧ на олімпіадах. Для визначення впливу ЧР та ПЧ на КЧ викорис-
товували однофакторну лінійну регресію з рівнем значущості p<0,05 як стандартом. Для всіх аналізів використовували 
ПЗ SPSS Inc., Чикаго, Іллінойс, США.

Результати. Було встановлено, що ПЧ та ЧР впливають на досягнення КЧ на 100-метровій дистанції батерфляєм, а 
ЧР має вплив на рівні 0,712 (51%), для плавців і чоловічої, і жіночої статі, на досягнення цього часу за перші 50 метрів.

Висновки. Висновок полягає в тому, що як спортсмени, так і тренери повинні оптимізувати досягнення показників 
ЧР та ПЧ у плаванні на короткі дистанції, оскільки ці два показники відіграють вирішальну роль у досягненні часу за-
гального руху плавців на короткі дистанції.

Ключові слова: час реакції, кінцевий час, проміжний час, плавання.



352

ISSN 1993-7989. eISSN 1993-7997. ISSN-L 1993-7989. Physical Education Theory and Methodology. Vol. 23, Num. 3

Information about the authors:
Pramono, Bayu Agung: bayupramono@unesa.ac.id; https://orcid.org/0000-0002-9308-1289; Department of Sport Coaching 
Education, Universitas Negeri Surabaya, Jl. Lidah Wetan, Lidah Wetan, Kec. Lakarsantri, Kota SBY, Jawa Timur 60213, Indonesia.
Mustar, Yetty Septiani: yettymustar@unesa.ac.id; https://orcid.org/0000-0003-0079-3795; Department of Health Education 
and Recreation, Universitas Negeri Surabaya, Jl. Lidah Wetan, Lidah Wetan, Kec. Lakarsantri, Kota SBY, Jawa Timur 60213, 
Indonesia.
Sumartiningsih, Sri: sri.sumartiningsih@mail.unnes.ac.id; https://orcid.org/0000-0002-3971-5092; Department of Sports 
Science, Universitas Negeri Semarang, Sekaran, Kec. Gn. Pati, Kota Semarang, Jawa Tengah 50229, Indonesia. 
Marsudi, Imam: imammarsudi@unesa.ac.id; https://orcid.org/0000-0002-1230-1746; Sport Coaching Education, Faculty of 
Sport Science, Universitas Negeri Surabaya, Jl. Lidah Wetan, Lidah Wetan, Kec. Lakarsantri, Kota SBY, Jawa Timur 60213, 
Indonesia
Hariyanto, Agus: agushariyanto@unesa.ac.id; https://orcid.org/0000-0002-7927-8827; Department of Sport Coaching Education, 
Universitas Negeri Surabaya, Jl. Lidah Wetan, Lidah Wetan, Kec. Lakarsantri, Kota SBY, Jawa Timur 60213, Indonesia
Sidik, Muhammad Asrul: muhammadsidik@unesa.ac.id; https://orcid.org/0009-0004-4282-1007; Department of Sport 
Coaching Education, Universitas Negeri Surabaya, Jl. Lidah Wetan, Lidah Wetan, Kec. Lakarsantri, Kota SBY, Jawa Timur 60213, 
Indonesia
Kusuma, I Dewa Made Aryananda Wijaya: dewawijaya@unesa.ac.id; https://orcid.org/0000-0002-4939-7294; Department of 
Sport Coaching Education, Universitas Negeri Surabaya, Jl. Lidah Wetan, Lidah Wetan, Kec. Lakarsantri, Kota SBY, Jawa Timur 
60213, Indonesia

Cite this article as: Pramono, B.A., Mustar, Y.S., Sumartiningsih, S., Marsudi, I., Hariyanto, A., Sidik, M.A., Kusuma, I D.M.A.W. 
(2023). Analysis of Reaction Time, Split Time and Final Time Swimming Athletes in the Olympic Games on 2008-2021. Physical 
Education Theory and Methodology, 23(3), 346-352. https://doi.org/10.17309/tmfv.2023.3.05

Received: 12.01.2023. Accepted: 09.05.2023. Published: 30.06.2023

This work is licensed under a Creative Commons Attribution 4.0 International License (http://creativecommons.org/licenses/by/4.0). 


