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Abstract 

Swimming start has been shown to associate strongly with overall race outcomes. Competing 

in a swimming relay race differs from the individual race, mainly reflected on the starting block. 

Previously, the research of swimming relay starts has addressed the difference of starting 

behaviours between various techniques, the advantages of relay start over the individual start, 

as well as the importance of the particular component in relay start – change-over time. 

However, research limitations still need to be further discussed, such as what is the best 

technique for relay starts, what are the kinematic determinants of relay start performance and 

what are the differences between the individual and relay start. Therefore, the general aim of 

this thesis was to analyse swimming relay start performances both in empirical and competition 

contexts through the appropriate approaches. To achieve the research goals, this thesis can be 

summarised in three sections and five chapters (Chapter 2 to 6).  

The first section aimed to determine the biomechanical and kinematic characteristics among 

various relay start techniques and between relay and individual starts in each sub-phase. 

Chapter 2 compared the kinematic characteristics of different relay start techniques. Eleven 

international youth swimmers performed three relay start techniques and their centre of mass 

kinematics calculated with two-dimensional direct linear transformation (2D-DLT) algorithms. 

Results indicate that differences between techniques were detected in the spatiotemporal 

parameters of the block and aerial start phases and in selected parameters of the underwater 

phase, but no statistical effects were found in performance times nor in horizontal take-off 

velocity. Results suggest that differences between relay techniques could rely more on the 

swimmer’s body posture (angular kinematics) on the block, flight and underwater phases than 

on the centre of mass linear kinematics. Chapter 3 compared relay and individual swimming 

starts and related the kinematic variables to 5 m performance for both starts. Twelve elite-level 

swimmers performed 2 × 25 m with two type of starts randomly. 2D-DLT algorithms were used 
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to calculate swimmers’ centre of mass (CM) kinematics during each subphase. Results show 

faster performance times for relay start than individual start as well as the differences at specific 

parameters, but no differences in take-off horizontal velocity between start techniques. Large 

correlations to performance times were found in block time, horizontal take-off velocity, take-

off velocity and entry angle for individual start, but in changeover time, take-off height and 

entry distance for relay start. Differences on swim start regulations between individual and relay 

events were in line with different key parameters related to start performances in each event. 

This should be considered by swimmers and coaches when addressing the starting 

improvement. 

The second section aimed to investigate whether swimmers’ performances of the starting and 

turning segments were different between individual and relay events in competitions. Chapter 

4 and 5 examined the race performances of swimmers competed in both relays 4 × 100 m finals 

(freestyle, medley and mixed freestyle) and individuals 100 m finals or semi-finals (butterfly, 

breaststroke and freestyle) from LEN European Swimming Championships. The results 

indicated swimmers presented 5 – 7 % faster starts in relay than in the corresponding individual 

events, despite no differences on the flight phase and a lower performance (shorter distances 

and slower velocities) on the underwater start section. Also, 15 m turn times were slower in the 

butterfly relay races although no specific differences on the underwater parameters were 

observed. These results suggest that specific training of the starting and turning segments should 

be performed in relay conditions to optimise pacing and performance on the underwater 

sections. 

The third section aimed to analyse the particular determinant of relay starts – change-over 

times, estimating its meaning for the race outcomes. Chapter 6 replicated a recent study by 

Fischer et al. (2019) with a substantially larger scale dataset of 4 × 100 m freestyle relays from 

World Championships and Olympic Games over the past 20 years (2000 – 2019) and secondly, 
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an analysis of change-over times was conducted accounting for the current race position and 

gender. The results confirm the previous findings of Fischer et al. (2019); further, a 

correspondence was detected between change-over times and gender resp. final race-position 

(medallists vs. non-medallists). However, current race ranking showed no apparent effect on 

change-over time for both genders. It is recommended that coaches and swimmers should not 

only focus on reducing change-over times but also consider the psychological aspects (i.e. loss 

aversion) that could impact the odds of risk-taking change-over behaviour. 

Findings from this PhD thesis could add novel insights into swimming relay starts content for 

the scientific and technical community, providing practical recommendations to sport scientists 

and coaches how swimming relay starts could be addressed for improving swimmers’ 

performances. 

Keywords: swimming, performance analysis, race analysis, biomechanics, kinematics, centre 

of mass, competitions, dive start, underwater, longitudinal data 
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Resumen  

Se ha demostrado que la salida en natación se asocia significativamente con los resultados 

finales de la prueba. Competir en una prueba de relevos de natación difiere de la prueba 

individual principalmente en la fase de salida ya que los nadadores/as puedes realizar 

movimientos preparatorios en el poyete de salida. La investigación previa en las salidas de 

relevos de natación ha abordado las diferencias entre varias técnicas de salida, las ventajas de 

la salida de relevos sobre la salida individual, así como la importancia de un componente 

particular en la salida de relevos: el tiempo de cambio. Sin embargo, todavía hay muchas 

limitaciones de la investigación como para poder determinar la mejor técnica de salida para las 

carreras de relevos, los parámetros clave para las salidas de relevos y las diferencias entre la 

carrera individual y la de relevos. Por lo tanto, el objetivo general de esta tesis fue analizar el 

rendimiento en las salidas de relevos de natación tanto en contextos empíricos como de 

competición a través de distintas aproximaciones. Para alcanzar los objetivos de la 

investigación, esta tesis puede resumirse en tres secciones y cinco capítulos (capítulos 2 a 6).  

La primera sección tuvo como objetivo analizar las características biomecánicas y cinemáticas 

entre diferentes técnicas de salida de relevos y entre las salidas de relevos e individuales. El 

capítulo 2 comparó las características cinemáticas de las diferentes técnicas de salida de relevos. 

Once nadadores internacionales de categoría junior realizaron tres técnicas de salida de relevos 

y la cinemática de su centro de masas fue determinado con algoritmos de transformación lineal 

directa en dos dimensiones (2D-DLT). Los resultados indican que se detectaron diferencias en 

los parámetros espaciotemporales de las diferentes técnicas de salida tanto en la fase aérea como 

subacuátca, pero no se encontraron efectos estadísticos en los tiempos de salida ni en la 

velocidad de despegue horizontal. Los resultados sugieren que las diferencias entre las técnicas 

de relevos podrían depender más de la postura corporal del nadador (cinemática angular) en las 

fases de poyete, vuelo y subacuática . En el capítulo 3 se compararon las técnicas de salidas en 
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pruebas de relevos y en pruebas individuales y se relacionaron las variables cinemáticas con el 

rendimiento en 5 m para ambas salidas. Doce nadadores de nivel de élite realizaron 2 × 25 m 

con dos tipos de salidas en orden aleatorio. Se utilizaron algoritmos 2D-DLT para calcular la 

posición del centro de masas (CM) de los nadadores durante cada sub-fase. Los resultados 

mostraron menores tiempos de salida para la salida individual en comparación con la salida de 

relevos y también diferencias en otros parámetros específicos, pero no se observaron diferencias 

en la velocidad horizontal de despegue entre las técnicas de salida. Los tiempos de salida en 

pruebas individuales se correlacionaron con el tiempo en el poyete, la velocidad horizontal de 

despegue, la velocidad de despegue y el ángulo de entrada mientras que los tiempos de la salida 

de relevos se correlacionaron con el tiempo de cambio, la altura de despegue y la distancia de 

entrada. Las diferencias en el reglamento de la salida de natación entre las pruebas individuales 

y las de relevos fueron en línea con los diferentes parámetros en cada tipo de salida. Estas 

diferencias  deberían ser considerado por los nadadores y entrenadores a la hora de abordar la 

mejora de la salida. 

La segunda sección pretendía investigar si el rendimientode los nadadores en los segmentos de 

salida y viraje fueron diferentes entre las pruebas individuales y de relevos en competición. En 

los capítulos 4 y 5 se examinó el rendimiento de los mismos nadadores tanto en las finales de 

relevos de 4 × 100 m libre y 4x100 estilos y estilos mixto como en las finales o semifinales de 

las pruebas individuales de 100 m (estilo mariposa, estilo pecho y nado libre) del Campeonato 

Europeo Junior LEN 2017. Los resultados indicaron que el tipo de prueba afectó alrendimiento 

en la salida con un 5 – 7 % de mayor velocidad a los 15m  en las pruebas de relevos. Sin 

embargo, no se observaron diferencias en la fase de vuelo y sí un peor rendimiento (menor 

distancia y velocidad más lenta) subacuático en relevos respecto a las pruebas individuales; en 

el segmento del viraje, el tiempo de 15 m fue más lento en las pruebas de relevos de mariposa 

mientras que no se observó ninguna diferencia estadística en el resto de parámetros. Estos 
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resultados indican que se debe realizar un entrenamiento específico en los segmentos de salida 

y viraje en condiciones de relevos para optimizar la velocidad y el rendimiento en la fase 

subacuática. 

La tercera sección tuvo como objetivo analizar una variable en concreto de las salidas de los 

relevos, los tiempos de cambio, para estimar su impacto en los resultados de las pruebas. En el 

capítulo 6 se replicó un estudio reciente de Fischer et al. (2019) a una escala sustancialmente 

mayor con datos de relevos 4 × 100 m estilo libre celebrados durante los Campeonatos del 

Mundo y los Juegos Olímpicos durante los últimos 20 años (2000 – 2019). Además, se llevó a 

cabo el análisis de los tiempos de cambio teniendo en cuenta la posición actual de la carrera y 

el género. Los resultados confirmaron hallazgos anteriores de Fischer et al. (2019) y, además, 

se detectó una relación entre los tiempos de cambio y el género y la posición final en la carrera 

(medallistas frente a no medallistas). Sin embargo, la posición actual de la prueba no mostró 

ningún efecto aparente en el tiempo de cambio para ambos géneros. Se recomienda que los 

entrenadores y los nadadores no sólo se centren en reducir los tiempos de cambio, sino que 

también tengan en cuenta los aspectos psicológicos (es decir, la aversión a la pérdida) que 

podrían influir en las probabilidades de tener un tiempo de cambio demasiado arriesgado. 

Los resultados de esta tesis doctoral aportan nuevos conocimientos sobre el contenido de las 

salidas de los relevos de natación para la comunidad científica y técnica, proporcionando 

recomendaciones prácticas a los científicos del deporte y a los entrenadores sobre cómo abordar 

las salidas de los relevos de natación para mejorar el rendimiento de los nadadores. 

Palabras clave: natación, análisis del rendimiento, análisis de la carrera, biomecánica, 

cinemática, centro de masas, competiciones, salida de cabeza, nado subacuático, datos 

longitudinales  
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Chapter 1 General Introduction 

1.1 Research background 

With the inclusion of the mixed relay events (4 × 100 m mixed medley or 4 × 100 m mixed 

freestyle) in Olympic Games and World Championships by Fédération Internationale de 

Natation (FINA), the total medal statistics has increased for relay races in the major 

international competitions, leading to a growth of the interest of the swimming community in 

the relay events. Competing in relay events differs from individual events. In relay events, 

instead of an acoustic signal, relay swimmers (the second to fourth legs) can initial the starting 

movement any time as long as ensuring at least one foot keep contact with the block before the 

preceding swimmer touches the wall. Aside from differences on the starting block, relay starts 

can be structured similarly with individual starts as in flight, entry, and transition phases (Kibele 

& Fischer, 2018).  

Relay start techniques have evolved during the past two decades, e.g., parallel start with a 

circular arm swing, track start, single-step start or double-step starts (Fischer, 2017; Maglischo, 

2003; McLean et al., 2000; Qiu et al., 2021a). Various researchers have examined differences 

in relay start techniques (Fischer, 2017; Gambrel et al., 1991; McLean et al., 2000; Qiu et al., 

2021a; Takeda et al., 2010). However, the outcomes remain inconclusive as none of these 

techniques has been shown to be superior to the other techniques. For example, McLean et al. 

(2000) found higher horizontal take-off velocity in the double-step technique but no differences 

in 10 m times in different relay start techniques. Dissimilarly, Takeda et al. (2010) did not find 

differences among three type of relay start techniques in take-off horizontal velocity or take-off 

angle. Moreover, the single-step start appears to be the preferred technique used by more than 

half of all relay swimmers in the 2012 London Olympic Games (Fischer, 2017), while a learning 

intervention provided better results for the step-start technique than the parallel start technique 
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(Kibele & Fischer, 2018). Therefore, it is necessary to determine the superior technique in order 

to guide coaches and swimmers how relay start should be performed. 

Although the previous studies have compared different relay start techniques, there is currently 

only a small number of studies comparing individual and relay start techniques (Atkison, 2018; 

Qiu et al., 2021b; Smith, 2018). Relay start should be more effective than individual start due 

to the advantageous mechanics at take-off (Kibele & Fischer, 2018). When controlling the block 

time, no difference observed between the two start types for performance times (Atkison, 2018; 

Smith, 2018) and the less effective entry and underwater segments obtained for relay start 

(Atkison, 2018). Moreover, differences between individual and relay start performances appear 

to be caused by the spatiotemporal difference during the aerial phase rather than take-off 

velocities, and the association between the aerial phase parameters and 5 m time showed 

different for both starts relating the differences on swim start regulations (Qiu et al., 2021b). 

Benefits in start performance times in relay events could even represent a faster race time. 

Swimming race data have been widely analysed in individual events (Mason & Cossor, 2001; 

Morais et al., 2019; Veiga, Mallo, Navandar, & Navarro, 2014), whereas race performances are 

barely analysed for relay events. Available research analysing relay races showed that the time 

difference between individual and relay events could be explained by the block times (Atkison 

& Olson, 2017; Smith, 2014; Skorski, 2016). The large intra- and inter-individual variations in 

relay events indicated that swimmers might execute different tactics in relay events and change 

tactics depending on the race order (Atkison & Olson, 2017). Race analysis provides a 

comprehensive understanding of swimmers’ segment performances during races (Da Silva et 

al., 2020), improving and optimising the influencing factors to the overall race performances 

(Hellard et al., 2008). Therefore, it is essential to investigate the race segment performances in 

relay events to help swimmers maximising their race performances.  

As the particular part of relay start, change-over times have also been examined in previous 
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studies (Fischer, Braun, & Kibele, 2017, 2019; Saavedra et al., 2014; Siders, 2010). It is 

a common belief that reducing change-over times appear to be equivalent to reducing the relay 

race times due to the partial times add up to the overall race times (Kibele & Fischer, 2018). 

However, improving horizontal take-off force may result in better relay start performance than 

improving change-over times for elite-level swimmers (Fischer et al., 2017). Furthermore, the 

meaning of change-over times in relay races remains inconclusive as several errors in analysing 

relay race data and the interpretation in previous findings. On the one hand, top-level swimmers 

can maintain high-level performances and repeatedly participate in international competitions 

over years, hence, previous studies (García-Hermoso et al., 2013; Saavedra et al., 2014) treated 

swimmers’ multiple appearances in competitions as independent may misinterpret the statistical 

results. On the other hand, psychological influences depending on swimmers’ specific 

positioning in a relay team were unconsidered, influencing swimmers change-over and 

swimming performances during races (Hüffmeier & Hertel, 2011; Hüffmeier et al., 2012, 2020; 

Fischer et al., 2019). Additionally, the possible influence of the new OSB11 starting block was 

unconsidered in most of the previous relay studies (Hüffmeier, Kanthak, & Hertel, 2013; 

Hüffmeier et al., 2012; Saavedra et al., 2014). Fischer et al. (2019) concerned relay swimmers’ 

multiple entries in races over years and the individual influence factors (e.g. current race rakings 

or start block model) using linear mixed models, demonstrating the impact of change-over times 

in relay races may be previously overrated. This new insight on relay change-over times needs 

to be further confirmed to provide useful information on change-over strategies for coaches and 

swimmers.  

1.2 State of the problem 

Literature in individual starts has extensively provided practical implications for coaches and 

swimmers, for example, determinant variables for the start performances (Fischer et al., 2016; 

Peterson Silveira et al., 2018; Tor et al., 2015b), ideal underwater trajectories (Tor et al., 2015a), 
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initial positions on the block (Slawson et al., 2013; Takeda et al., 2012), and kinetic 

characteristics at take-off (Takeda et al., 2017). However, the research analysing relay starts is 

minimal in comparison, and the lack of depth in research limits the application of the theory 

into practice scenes in swimming relay starts.  

Firstly, the previous relay starts studies have been conducted with the old OSB9 starting block 

(Gambrel et al., 1991; McLean et al., 2000; Takeda et al., 2010), which is no longer employed 

in current competitions. With the introduction of the new OSB11 block to the international 

competitions in 2008, the new start technique (kick start) has developed in individual events 

and showed to be superior for swimmers compared to the old OSB9 block (Barlow et al., 2014; 

Biel et al., 2010; Honda et al., 2010; Takeda et al., 2012). However, the OSB11 starting block 

may provide additional construction characteristics that have possibly not been fully exploited 

yet for relay starts.  

Secondly, the force profiles have previously assessed in individual starts providing helpful 

information to understand the start motions (Honda et al., 2012; Slawson et al., 2013; Takeda 

et al., 2017; Tor et al., 2015b). However, the kinetic features of the relay start have not been 

assessed yet. Therefore, research is needed to reveal how swimmers generate movement in relay 

starts from a biomechanical perspective.  

Thirdly, the underwater start phase has not been examined between different relay start 

techniques. Researchers have highlighted the importance of the underwater phase in a 

swimming start (Tor et al., 2014, 2015b) as the underwater phase is the fastest race segment 

(Naemi & Sanders, 2008; Thow et al., 2012; Veiga et al., 2014, 2016) comparing with the free-

swimming. Sports scientists and researchers should not neglect the research on the underwater 

phase of relay starts. 

Fourthly, existing relay start studies have not provided information about the key parameters 
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relating directly to the relay start performances (Qiu et al., 2021a). It remains unclear if the key 

parameters related to an overall start performance differing from the previously observed in 

individual starts (Fischer et al., 2016; Peterson Silveira et al., 2018; Tor et al., 2015b). 

Fifthly, there is a lack of information for relay event analysis (Gonjo et al., 2021). For example, 

studies have shown that the starting and turning segments are crucial for good race 

performances (Veiga & Roig, 2016) and the total contribution of these two segments accounted 

for almost a third of 100 m race time (Morais et al., 2019), but no previous study has examined 

the starting and turning segments in relay events. It remains unclear whether swimmers would 

perform differently during these race segments than their performances in individual events.  

Finally, there are several possible errors in the analysis of relay change-over data (Saavedra et 

al., 2014). Previous results remain inconclusive that have not been thoroughly resolved, 

particularly in methodology concerns (Fischer et al., 2019). 

1.3 The aim of the study 

Based on the above discussions, the main aims of the studies contained in this thesis include as 

follows:  

(1) To identify the kinematic differences between various relay start techniques during each 

subphase with the new starting block Omega OSB11 in competitive swimmers. 

(2) To compare the kinematic characteristics of individual and relay starts during each subphase; 

and to relate the kinematic parameters of both start techniques to 5 m performance time. 

(3) To compare the starting and turning performances of elite swimmers between their 

individual and relay races within the same competition (LEN European Junior Swimming 

Championships).  

(4) To confirm and further extend existing knowledge on change-over times in swimming relay 
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races with a larger scale dataset over the past 20 years (2000-2019); to analyse the impact 

of a risk-taking change-over behaviour related to the current race rankings. 

1.4 The structure of the thesis 

This thesis includes five studies (manuscripts/conference paper) for publication in peer-review 

scientific journals that are closely related to the subject of the thesis. Initially, the General 

Introduction (Chapter 1) has presented the research background, the research problems and the 

overall aims of the studies, respectively. The specific studies were comprised of three inter-

linking sections from Chapter 2 to Chapter 6. The first section examined the kinematic 

characteristics among different relay starts and between individual and relay starts in each 

subphase (Chapter 2 and 3). The second section investigated the race performances in starting 

and turning segments for the same competitor swam both in relay and individual events 

(Chapter 4 and 5). The third section evaluated the impact of change-over times for race 

outcomes and the risk-taking change-over behaviours regarding gender and current race ranking 

(Chapter 6). Chapter 7, General Discussion, summarised the main findings, novel perspectives, 

limitations and future directions. Finally, an Overall Conclusion has conducted in Chapter 8. 

The structure of this thesis shown in Figure 1.1. 

For consistency and ease of reference, all citations have been presented in American 

Psychological Association (APA) referencing format using a single bibliography at the end of 

the thesis.  
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Figure 1.1 Overview of the structure of the thesis 
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Chapter 2 A Kinematics Comparison of Different Swimming 

Relay Start Techniques 

2.1 Introduction 

Relay races are part of international swimming events. Since the new mixed relay events were 

included in the Federation Internationale de Natation (FINA) swimming programmes in 2013, 

a total of twenty-four medals are distributed for relay races in the Swimming World 

Championships. 

In swimming relay events, the first swimmer for each team performs a conventional dive start 

after the referee’s signal, just as in the individual events. However, FINA rules permit the 

second, third and fourth relay swimmers to initiate their starting movements at any time as long 

as one or both of their feet are still in contact with the starting block when the incoming 

swimmer touches the wall. Accordingly, the anticipation cues from the incoming swimmers 

could represent a decisive advantage for the relay compared to the individual start, as the 

reaction time (also known as changeover time) and take-off velocity could be better in relays 

(Fischer, Braun, & Kibele, 2017, 2019). Indeed, Saavedra et al. (2014) investigated the 

relationship between changeover times and the corresponding relay race times in international 

swimming competitions across 13 years and concluded that changeover time was a determining 

factor for the overall race performance. More recently, Fischer et al. (2017) found that 1) 

maximizing horizontal peak force rather than minimizing changeover time improved relay start 

performance; and 2) changeover time may have been previously overestimated due to statistical 

bias and misinterpretation (Fischer et al., 2019).  

Owing to the arbitrary movement behaviour on the block, various relay start techniques that 

may maximize time gains versus individual starts have evolved in the past — e.g. parallel start 
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with circular arm swing, track start, single-step start or double-step starts (Fischer & Kibele, 

2017; McLean, Holthe, Vint, Beckett, & Hinrichs, 2000) — but none has been shown to be 

superior to the other techniques. For example, a higher horizontal take-off velocity was detected 

in the double step technique by McLean et al. (2000). In contrast, in a study conducted by 

Takeda, Takagi, and Tsubakimoto (2010), no significant differences were found across different 

relay start techniques in horizontal take-off velocity or in take-off angle. At this point, it remains 

unclear in several ways which start technique competitive swimmers should employ during 

relay races. First of all, previous studies on relay starts (Gambrel, Blanke, Thigpen, & Mellion, 

1991; McLean et al., 2000; Takeda et al., 2010) have not been conducted with the Omega 

OSB11 starting block, which was released in 2008 and which provides further advantages for 

swimmers, with an adjustable rear foot support (Barlow, Halaki, Stuelcken, Greene, & Sinclair, 

2014; Biel et al., 2010; Honda, Sinclair, Mason, & Pease, 2010; Takeda, Takagi, & 

Tsubakimoto, 2012). Secondly, there is a lack of information about the key parameters of a 

swimming start (Fischer & Kibele, 2016; Tor, Pease, & Ball, 2015) when performed in a relay 

event. Thirdly, no previous research has examined the effect of the different relay start 

techniques on the underwater phase, while this is the fastest race segment (Cossor & Mason, 

2001; Naemi & Sanders, 2008; Thow, Naemi, & Sanders, 2012), especially for elite level 

swimmers (Veiga, Cala, Frutos, & Navarro, 2014; Veiga, Roig, & Gómez-Ruano, 2016). Only 

when measuring vertical jump performance, the horizontal approach has been identified as an 

essential influence on jump height (Hsieh & Christiansen, 2010) which could suggest a superior 

potential of relay start step techniques. 

Therefore, the aim of present study was to identify the kinematic differences between various 

relay start techniques with the new starting block Omega OSB11 in competitive swimmers. We 

compared three of the most common relay start techniques (no step start with parallel feet, no 

step start with separated feet, and one-step start) in current competitions (Kibele & Fischer, 
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2018). It was hypothesized that the one-step start would represent an advantage for swimmers 

in terms of faster take-off velocity. 

2.2 Method 

2.2.1 Participants 

Eleven international youth swimmers (5 males and 6 females) 16.0 ± 1.29 yrs, height 1.67 ± 

0.05 m, body mass 56.4 ± 6.88 kg, and FINA points 762 ± 31.03, were recruited as participants 

in the current study. All swimmers were national champions, belonged to the National Training 

Centre Squad and eight of them participated in the 2016 and 2017 European Junior Swimming 

Championships. Inclusion criteria for the experiment comprised a continuous attendance to the 

training sessions (9 in water sessions per week) as well as the absence of a major injury in the 

last three months before the experiment. The testing procedure and protocols used in the present 

study were approved by the local ethics committee and, prior to testing, written informed 

consent was signed by all swimmers. For swimmers under 18 years old, the consent was signed 

by their parents or legal guardians.  

2.2.2 Procedure 

A repeated-measures counterbalanced design was used in which each swimmer was instructed 

to complete three types of relay start technique at freestyle stroke, in a random order and with 

maximum effort to the 25 m mark. During the parallel feet start and the separated feet start 

techniques, swimmers did not perform any leg step before take-off. On the other hand, in the 

one-step start, swimmers performed one leg step with their preferred side to approach the front 

edge of the block before take-off. The three types of technique are shown in Figure 2.1. 

According to the competition situation, in each trial, an incoming swimmer swam from the 25 

m mark to the wall with maximum effort at freestyle stroke to set the initial signal for the relay 
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Figure 2.1 2.2Graphical representation of each relay start technique (PAR: parallel feet; OS: one-step; SEP: separated 

feet). 
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start. All relay start techniques were performed using the Omega OSB11 (Swiss Timing Ltd., 

Switzerland) starting blocks approved by FINA regulations, and with three minutes rest 

between them to avoid fatigue effects (de Jesus et al., 2016; Galbraith, Scurr, Hencken, Wood, 

& Graham-Smith, 2008). Prior to the trials, swimmers conducted a standardised warm-up which 

consisted of 10 minutes of warm-up activities on dry land and 20 minutes (≈ 1.0 Km) in the 

water. In order to obtain the displacement of centre of mass in a more accurate way for the 

further digitization procedure, black joint markers of round shape and made of waterproof 

adhesive tape (diameter 25 mm) were attached to swimmers’ specific body landmarks. 

Swimmers were instructed to begin the relay starts from an initial position where the hands 

were pointing to the water surface, approximately one metre from the starting wall (Figure 2.2). 

Before this experiment, all swimmers participated in training sessions designed for the three 

types of relay start for at least five weeks to ensure familiarisation. After this training period, 

athletes achieved an intra-participant coefficient of variation during relay starts less than 5 % 

of the times to 5 m. This was checked separately for the three relay-start techniques, through 

ten trials on each technique. 

2.2.3 Data acquisition and processing 

Two gen-locked cameras (Casio, EX ZR1200 BK, Japan) operating at 120 Hz and with the 

optical axis perpendicular to the swimmers’ plane of movement were implemented for the 

kinematic analysis. One aerial camera (camera 1) was positioned at the 2 m mark from the 

starting wall, 1.5 m above the water surface and 3.5 m from the swimmers’ plane of movement; 

another underwater camera (camera 2) was positioned on the opposite lateral side of the pool 

at the 7 m mark, approximately 1 m below the water surface and 15 m from the swimmers’ lane 

(Figure 2.3). 

The relay start movements were considered from the first move on the block after the initial 
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Figure 2.2 Example of a swimmer’s initial position on the starting block for the one-step relay start technique. 

position (described above) to the swimmers’ fingers first touch of the water’s surface (block 

and aerial phases), and to the moment of head emersion after the underwater swim (underwater 

phase). In each of the swimmers’ video footage, twenty-one body landmarks (vertex, cervicale, 

HSP intersection, right and left acromion, right and left radiale, right and left stylion, right and 

left 3rd dactylion, right and left iliospinale, right and left tibiale, right and left sphyrion, right 

and left heel, and right and left toe tip) were manually digitized during the block and aerial start 

phases by the same experienced observer using Photo 23D (Cala, Veiga, Garcia, & Navarro, 

2009) to define fourteen segments according to the Zatsiorsky-Seluyanov model, modified by 

De Leva (1996). Considering a two-dimensional analysis of swimming starts was performed, 

the left and right joint motion was assumed symmetrical unless contra-lateral differences clearly 

observed (i.e. the lower limb motions). The accuracy of the digitizing procedure was calculated 

with the Bland and Altman’s 95 % limits of agreement (Bland and Altman, 1986) between two 

repeated digitization of the same trial resulting in 0.0071 m (0.003 to 0.0112) for the centre of 

mass displacement. Two-dimensional position coordinates during block and aerial phases were 

digitally filtered using a low-pass fourth-order Butterworth filter, using 8 Hz as the cut-off 



 

16 

 

Figure 2.3 Camera set-up positions for filming the relay starts. 

frequency. The procedure to decide the cut-off frequency consisted of two steps: firstly, an 

analysis of residuals was performed looking for the cut-off frequency where the residuals began 

to approach an asymptotic value. Then, the RMS of residuals was compared with the standard 

deviation (SD) obtained from repetitive digitisation (30 times) of the 21 anatomical landmarks 

during a start trial. The cut-off frequency where the RMS values were the closest to the SD was 

chosen, following procedure by Bartlett (2007). To avoid distortion at the beginning and the 

end of the data series due to the filtering process, digitised data were extrapolated for 10 points 

around the end points using reflected values as indicated by Smith (1989). These points were 

then removed from the filtered data of each start. In the underwater start phase, the swimmer’s 

head was identified and manually digitized only at specific events to represent the swimmer’s 

position. 

2D direct linear transformation (2D-DLT) based algorithms (Abdel-Aziz, 1971) were used to 

reconstruct and transform the coordinates in pixels to real coordinates in metres. The calibration 

of the swimmers’ plane of movement during the block and aerial phases was done with eight 

control points from a square reference system (2 m high and 2 m wide) located above the water 
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surface in the middle of the pool lane. Additionally, three black markers were placed underwater 

on the bottom of the pool at 5 m, 10 m and 15 m from the starting wall and were used as a 

reference for camera 2. The origin of the reference system was placed on the starting wall of 

the pool at the water surface level (Takeda et al., 2012), with the horizontal and vertical axes 

aligned towards the starting direction and the above water direction, respectively. Error was 

measured by reconstructing the position of ten control points of known coordinates not 

employed for calibration purposes, resulting in a root mean squared error lower than 0.03 m. 

The duration of each relay start filmed by camera 1 (block and aerial phases) was normalized 

to a percentage (0 – 100 %) by linear interpolation. A detailed description of the kinematics and 

biomechanical parameters of the current study can be found in Table 2.1. 

2.2.4 Statistical analyses 

All data were presented as group mean values ± standard deviations, and a 95 % confidence 

interval was selected. Normal distribution was confirmed by the Shapiro-Wilk test. Repeated 

measures analysis of variance was performed to compare the kinematic and biomechanical 

differences between various relay start techniques. Bonferroni adjustments were adopted and 

effect sizes as partial eta square (η²) were calculated to interpret meaningful effects (Knudson, 

2009). The assumption of homogeneity of covariance was tested using the Mauchly test of 

sphericity. Significance was set at p < 0.05. All statistical analyses were performed using IBM 

SPSS Statistics for Windows, version 25. 
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Table 2.1 Description of above-water and underwater spatiotemporal parameters during relay starts of competitive 

swimmers 

Parameters  Description 

Above-water  

Preparation time (s) 
The duration from the first movement of outgoing swimmer to incoming swimmer 

touching the wall. 

% Preparation time Preparation time as a percentage of the total relay start time. 

Changeover time (s) 
The duration from incoming swimmer’s fingers touching the wall to outgoing 

swimmer’s toes leaving the block. 

% Changeover time Changeover time as a percentage of the total relay start time. 

Time in the air (s) 
The duration from outgoing swimmer’s toes leaving the block to their fingers first 

touching the water surface. 

% Time in the air Flight time as a percentage of the total relay start time. 

Initial distance (m) 
The horizontal distance between swimmers' centre of mass and the edge of the pool 

wall at the initial position of the relay start. 

Initial height (m) 
The vertical distance between swimmers' centre of mass and water surface at the 

initial position of the relay start. 

Take-off distance (m) 
The horizontal distance between swimmers' centre of mass and the edge of the pool 

wall at the moment of take-off. 

Take-off height (m) 
The vertical distance between swimmers' centre of mass and the water surface at 

the moment of take-off. 

Take-off horizontal velocity (m/s) The horizontal velocity of swimmers' centre of mass travelled at take-off. 

Take-off vertical velocity (m/s) The vertical velocity of swimmers' centre of mass travelled at take-off. 

Take-off velocity (m/s) The total velocity of swimmers' centre of mass at the moment of take-off. 

Take-off angle (degrees) The direction of the swimmers’ centre of mass displacement at take-off. 

Entry distance (m) 
The horizontal distance between swimmers' centre of mass and the edge of the pool 

wall at water entry. 

Entry height (m) 
The vertical distance between swimmers' centre of mass and water surface when 

swimmer’s fingers make contact with water. 

Entry angle (degrees) The direction of the swimmer’s centre of mass displacement at water entry. 

Underwater  

Submersion time (s) 
The time from the swimmer’s fingers first touching the water surface to the 

swimmer’s body being totally submerged underwater after water entry. 

First kick time (s) 
The time from the swimmer’s fingers first touching the water surface to the 

moment the swimmer completes the first underwater down-kick. 

Max depth time (s) 
The time from the swimmer’s fingers first touching the water surface to the 

moment the swimmer’s head reaches the max depth underwater. 

Emersion time (s) 
The time from the wall contact of incoming swimmer to the head of outgoing 

swimmer breaking the water surface. 

Underwater time (s) The duration from water entry to head emersion. 

% Underwater time Underwater time as a percentage of the total relay start time. 

Submersion distance (m) 
The horizontal distance from the wall to swimmer’s body totally submerged 

underwater. 

First kick distance (m) 
The horizontal distance from the wall to the swimmer’s head when they complete 

the first underwater down-kick.  

Max depth (m) 
The vertical distance from the water surface to swimmer’s head at the max depth 

underwater. 

Max depth distance (m) 
The horizontal distance from the wall to swimmer’s head at the max depth 

underwater. 

Underwater distance (m) The horizontal distance from water entry to head emersion.  

Underwater velocity (m/s) The average velocity during the underwater phase. 

Emersion distance (m) 
The horizontal distance from the wall to the swimmer’s head breaking the water 

surface. 

Emersion velocity (m/s) 
The average velocity from the wall contact of incoming swimmer to the head of 

outgoing swimmer breaking the water surface. 

Time to 5/10/15m (s) 
The time from the incoming swimmer’s fingers touching the wall to the outgoing 

swimmer’s head reaching the 5m, 10m and 15m markers. 

5/10/15m average velocity (m/s) The average velocity during the times to 5m, 10m and 15m, respectively. 
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2.3 Result 

The differences between each spatiotemporal parameter of the three types of relay start 

technique during the aerial and block phases are shown in Table 2.2. To begin with, a main 

effect of the technique was observed in the preparation time (F1.700 = 8.115, p = 0.003, η²: 0.45), 

changeover time (F1.632 = 3.771, p = 0.041, η²: 0.27) and time contribution of changeover time 

(F1.780 = 4.843, p = 0.019, η²: 0.33). When performing a one-step technique start, swimmers 

spent a longer preparation time with smaller time contribution of changeover time compared to 

the parallel feet technique. Additionally, all the spatial parameters (except entry distance) 

showed a main effect of techniques. The swimmers’ centre of mass presented closer distance 

to the starting wall (F2 = 48.364, p = 0.000, η²: 0.83) and lower height (F1.514 = 6.629, p = 0.006, 

η²: 0.40) in the initial position when employing the parallel feet technique than the other 

techniques. Also, a greater take-off distance (F1.788 = 5.119, p = 0.016, η²: 0.34) was observed 

in the parallel versus the separated feet technique and swimmers showed a greater take-off 

height (F1.633 = 15.164, p = 0.000, η²: 0.60) in the separated feet technique compared to the 

remaining techniques. 

In the underwater phase (see Table 2.3), start technique main effects were found in the emersion 

time and distance, underwater time and distance, as well as the time contribution of underwater. 

Swimmers tended to emerge later from under the water (F1.596 = 4.165, p = 0.031, η²: 0.29) and 

spent longer underwater time (F1.527 = 7.512, p = 0.004, η²: 0.43) when they performed a one-

step relay start. Specifically, the relative contribution of underwater time was greater in the one-

step than in the parallel feet start technique. In addition, emersion distance (F1.480 = 7.202, p = 

0.013, η²: 0.42) and underwater distance (F1.467 = 6.644, p = 0.017, η²: 0.40) tended to be longer 

for the one-step start, although no statistical differences were obtained in the post-hoc tests. For 

the start velocities, no differences were observed in velocities at take-off or in the relay start 5 

m, 10 m or 15 m times among the three types of relay start. The trajectory of 
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Table 2.2 Descriptive statistics (mean ± SD), p value, and effect size (η²) for the above-water phase parameters of three types of relay start. 
 PAR SEP OS 

p value η²  mean SD mean SD mean SD 

Preparation time (s) # 0.58  0.12  0.69  0.12  0.76  0.13  0.003**  0.45  

% Preparation time # 15.30 % 4.07 % 17.74 % 4.05 % 18.43 % 5.51 % 0.080  0.22  

Changeover time (s) 0.30  0.12  0.21  0.14  0.20  0.08  0.041*  0.27  

% Changeover time # 7.87 % 3.12 % 5.41 % 3.55 % 4.69 % 2.09 % 0.019*  0.33  

Time in the air (s) 0.32  0.05  0.31  0.05  0.30  0.06  0.891  0.01  

% Time in the air 8.19 % 1.44 % 7.96 % 1.54 % 7.19 % 1.46 % 0.161  0.17  

Initial distance (m) †# -0.21  0.02  -0.27  0.04  -0.29  0.04  0.000**  0.83  

Initial height (m) 1.46  0.07  1.49  0.07  1.49  0.06  0.006**  0.40  

Take-off distance (m) † 0.89  0.04  0.82  0.07  0.88  0.06  0.016*  0.34  

Take-off height (m) †‡ 1.13  0.09  1.22  0.07  1.12  0.09  0.000**  0.60  

Entry distance (m) 2.21  0.22  2.14  0.26  2.16  0.24  0.193  0.15  

Entry height (m) 0.51  0.10  0.57  0.06  0.53  0.06  0.021*  0.32  

Take-off horizontal velocity (m/s) 4.14  0.10  4.10  0.26  4.11  0.13  0.774  0.02  

Take-off vertical velocity (m/s) -0.30  0.36  -0.46  0.42  -0.38  0.52  0.613  0.03  

Take-off velocity (m/s) 4.16  0.11  4.14  0.25  4.16  0.15  0.972  0.00  

Take-off angle (degrees) 184.15  4.94  186.55  5.84  185.18  7.16  0.582  0.04  

Entry angle (degrees) 220.43  2.93  220.04  3.09  219.71  3.20  0.855  0.02  

* p < 0.05, ** p < 0.01; PAR represents no step start with parallel feet; SEP represents no step start with separated feet; OS represents one-step 

start; † significance between PAR and SEP; ‡ significance between SEP and OS; # significance between PAR and OS.
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Table 2.3 Descriptive statistics (mean ± SD), p value, and effect size (η²) for underwater phase parameters of three types of relay start.  

 PAR SEP OS 
p value η²  mean SD mean SD mean SD 

Submersion time (s) 0.34  0.05  0.36  0.03  0.36  0.04  0.234  0.14  

First kick time (s) 0.99  0.25  1.03  0.24  1.06  0.23  0.140  0.18  

Max depth time (s) 0.52  0.08  0.54  0.07  0.55  0.08  0.512  0.07  

Emersion time (s) 3.89  0.62  3.96  0.65  4.28  0.73  0.031* 0.29  

Underwater time (s) 3.24  0.59  3.41  0.67  3.75  0.72  0.004** 0.43  

% Underwater time # 83.07 % 3.50 % 85.77 % 4.45 % 87.32 % 2.31 % 0.004** 0.43  

Submersion distance (m) 3.58  0.30  3.63  0.30  3.66  0.38  0.308  0.11  

First kick distance (m) 5.49  0.48  5.70  0.75  5.67  0.55  0.326  0.11  

Max depth (m) 0.72  0.16  0.79  0.18  0.82  0.21  0.097  0.21  

Max depth distance (m) 4.21  0.33  4.22  0.45  4.28  0.47  0.634  0.05  

Emersion distance (m) 9.73  1.39  9.99  1.65  10.64  1.75  0.013*  0.42  

Underwater distance (m) 7.06  1.38  7.43  1.55  8.00  1.62  0.017*  0.40  

Emersion velocity (m/s)  2.52  0.22  2.53  0.23  2.50  0.20  0.805  0.02  

Underwater velocity (m/s) 2.18  0.19  2.18  0.15  2.14  0.13  0.187  0.15  

5m average velocity (m/s) 4.06  0.56  4.47  0.96  4.53  0.63  0.071  0.23  

10m average velocity (m/s) 2.49  0.23  2.54  0.29  2.56  0.25  0.315  0.11  

15m average velocity (m/s) 2.22  0.19  2.23  0.22  2.24  0.17  0.768  0.02  

Time to 5m (s) 1.25  0.17  1.16  0.24  1.13  0.18  0.065  0.24  

Time to 10m (s) 4.04  0.39  3.99  0.46  3.94  0.40  0.316  0.11  

Time to 15m (s) 6.80  0.59  6.78  0.64  6.73  0.54  0.717  0.02  

* p < 0.05, ** p < 0.01; PAR represents no step start with parallel feet; SEP represents no step start with separated feet; OS represents one-step 

start; † significance between PAR and SEP; ‡ significance between SEP and OS; # significance between PAR and OS. 
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swimmers’ centre of mass during the aerial motions and the velocity curves from swimmers’ 

first move on the block to water entry across the three types of relay start are shown in Figures 

2.4 and 2.5, respectively. 

2.4 Discussion 

The purpose of present study was to detect whether any kinematic differences existed during 

each sub-phase of three types of relay start technique. The results indicate that differences were 

observed in spatiotemporal parameters in the above-water phase and in selected underwater 

parameters (i.e. underwater time and distance). However, these effects did not represent 

advantages in take-off horizontal velocity or the 5 m, 10 m and 15 m start times in any of the 

relay start techniques.  

Competitive swimmers in the present research began their starting movements between 0.6 and 

0.8 seconds before the incoming swimmer touched the wall, which represents slightly shorter 

times than previous observations from the 2012 Olympic Games (Kibele & Fischer, 2018) in 

the parallel foot with arm swing (0.92 ± 0.15 s) and one-step start techniques (0.93 ± 0.15 s). 

Interestingly, these preparation times were longer when swimmers used the one-step technique, 

as they performed a leg step before taking off. Changeover times varied between 0.20 seconds 

and 0.30 seconds — in line with previous data by Fischer et al. (2019) during international 

swimming competitions — being shorter in the one-step start compared to the parallel feet 

technique. This represented an interesting finding as, despite changeover times can be easily 

improved after an intervention period (Smith, 2018), participants in the present research 

practised an equal amount of time for each start technique. Previous research on relay starts 

(Takeda et al., 2010) had not observed changeover time differences in relation to the technique 

employed, although the Omega OSB11 starting block with adjustable rear foot support had not 

been employed. The longer preparation times of the one-step technique presumably helped
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Figure 2.4 Average aerial trajectory of swimmers’ centre of mass for three relay start techniques (OS: one-step; PAR: 

parallel feet; SEP: separated feet). The vertical dotted line indicates the moment of take-off. The shaded area represents 

the 95 % confidence interval. 

swimmers to better synchronize block movements to the incoming swimmer, in a similar way 

to expert high jumpers who perform the run-up movements with moderate instead of maximal 

speed (Alexander, 1990). However, considering the great impact of changeover times on relay 

performance (Saavedra et al., 2014; Siders et al., 2010) this point must be further studied.  

For the spatial parameters, swimmers’ centre of mass was situated approximately 0.85 m higher 

and 0.25 m behind the front edge of the block in the initial relay start position. For the one-step 

technique, this initial position was 0.1 m further back than in the other techniques (Figure 2.4), 

which is in line with the longer preparation times employed by swimmers. At the take-off 

instant, swimmers using the separated feet technique presented higher positions, but closer to 

the front edge of the starting block (Figure 2.4), which probably influenced the higher entry 

positions after the aerial phase. Previous data comparing the track and the parallel feet positions
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Figure 2.5 Centre of mass velocity curves in a hundred percentage normalized time from swimmers’ first move on the 

block to take-off for three relay start techniques (OS: one-step; PAR: parallel feet; SEP: separated feet). The shaded 

area represents the 95 % confidence interval. 

in the individual start (Peterson Silveira et al., 2018) also observed higher hip positions at take-

off and entry moments with track start. Probably, the angular momentum provided by the rear 

foot support (Taladriz, de la Fuente-Caynzos, & Arellano, 2016) helped to elevate the lower 

limbs position relative to the trunk and to correct the body position at hands entry, allowing a 

higher position of the centre of mass.  

Despite differences in specific spatial and temporal parameters between relay start techniques, 

there were no statistical differences in the horizontal take-off velocity or angles between the 

three types of relay start. This indicates that the use of step techniques did not affect the velocity 

characteristics at take-off (Figure 2.5). The range of horizontal velocities at take-off during 

relay starts was similar to those reported (4.09 ± 0.31 to 4.13 ± 0.32 m/s) by Takeda et al. (2010) 

but slightly slower than the observations (4.2 ± 0.3 to 4.4 ± 0.3 m/s) by McLean et al. (2000). 

Horizontal velocity at take-off is one of the key parameters predicting performance in individual 

kick starts (Fischer & Kibele, 2016; Tor et al., 2015), with reported values in the literature 

between 3.98 and 4.85 m/s depending on gender or the swimmer’s level (García-Ramos et al., 
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2015; Slawson, Conway, Cossor, Chakravorti, & West, 2013; Takeda, Sakai, Takagi, Okuno, 

& Tsubakimoto, 2017; Tor, Pease, & Ball, 2014), and it was expected that swimmers’ block 

movements in relays could increase this take-off velocity. Previous studies on volleyball (Hsieh 

& Christiansen, 2010) demonstrated greater jumping heights in the four-step approach jump 

compared to the standing counter-movement jump that were not related to the approach 

horizontal velocity. Also, arm swing was found to increase the height of vertical jumps (Lees 

et al., 2004) by building up kinetic and potential energy early in the jump and transferring it to 

the rest of the body. However, the step movement in the relay starts failed to help swimmers 

gain extra velocity at take-off, which is in agreement with Takeda et al.’s (2010) previous 

conclusions. 

In relation to the underwater start segment, the time contribution observed (between 83 % and 

87 %) was similar to that previously reported (84 %) by Slawson et al. (2013), while underwater 

parameters (underwater distance and average velocity) were similar to those performed by 

international level swimmers in competition starts (Veiga & Roig, 2017; Veiga et al., 2016). 

Swimmers in the present research emerged later (around 0.4 — 0.5 seconds) and travelled 

longer (close to one meter) underwater when performing the one-step technique, compared to 

the parallel feet technique. This was probably explained by the tendency of a higher entry 

position followed by a greater max depth and a longer max depth distance with one-step 

technique, which may enable swimmers to reduce the wave drag resistance. Indeed, depth 

differences around 0.1 m during underwater swimming could represent meaningful changes on 

the contribution of wave drag to the total drag encountered by the swimmer (Vennel et al., 

2006). No previous study had compared the underwater parameters between various relay start 

techniques, but our results may suggest that differences of the swimmers’ posture at entry could 

provide gains on the underwater parameters despite similar entry velocities. Considering the 

importance of the underwater swim for start performance (Tor et al., 2014), these points should 
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not be neglected by swimmers and coaches.  

Finally, but not less importantly, times to 5m, 10m and 15m — slightly slower than previous 

relay start times by male collegiate swimmers (McLean et al., 2000) — did not show statistical 

effects between different relay start techniques, despite a tendency where swimmers employing 

the one-step technique could obtain shorter times than in no-step start techniques. These results 

are in line with the absence of statistical differences observed in the take-off velocities, and 

suggest that differences between relay start techniques (when equally trained) seem to rely more 

on the swimmers’ posture than on the centre of mass linear kinematics. Previous data by 

McLean et al. (2000) had indicated that the step relay starts did not result in faster 10m start 

times, and that the differences between no-step and step starts was close to 0.09 seconds. 

However, at the competitive level, even very small time variations could represent the 

difference between winning or not (García-Ramos et al., 2015), so data in the present research 

show tendencies that coaches could take into consideration. Further understanding of 

differences in the relay start techniques could be provided by future research on the whole-body 

angular momentum during flight as well as kinetic data about forces applied on the block 

(Fischer et al., 2017). 

2.5 Conclusion 

This study has investigated numerous kinematic parameters during above-water and underwater 

start phases to identify differences between various types of relay start when using the Omega 

OSB11 starting block. In summary, differences between the three types of relay start were found 

in some spatiotemporal parameters during the above-water start phase (i.e. preparation time, 

changeover times, percentage changeover time, as well as initial positions and positions at take-

off and water entry) and in selected underwater parameters when the one-step technique was 

employed. However, these changes did not contribute to statistical differences in take-off 
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horizontal velocities or to the 5 m, 10 m and 15m start times, despite there being a tendency 

towards a better relay start performance with the one-step technique. Coaches and swimmers 

should take into consideration the body posture differences between the relay start techniques 

that could affect performance.  
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Chapter 3 Differences in the Key Parameters of the Individual 

versus Relay Swimming Starts 

3.1 Introduction 

In recent years, the importance of relay races has increased in swimming competitions with the 

inclusion of some mixed relay races (4 × 100 m mixed freestyle or 4 × 100 m mixed medley) 

in the World Championships and Olympic Games programmes. Swimming relay performances 

tend to be faster than individual races (Skorski et al., 2016) although differences are mainly 

explained by the different behaviour on the starting block.   

In individual races, swimmers begin their starting movements immediately after the race 

starting signal occurs and leave the starting block around 0.7 s thereafter (Garcia-Hermoso et 

al., 2013). However, in relay races, the second to fourth relay swimmers can begin the starting 

movements before the incoming swimmer touches the finishing wall. At that point, the only 

condition is that at least one of their feet must be in contact with the starting platform. This 

allows the starting swimmer to utilise visual cues from the incoming swimmer ( Fischer, Braun, 

& Kibele, 2017; Ribeiro et al., 2019; Smith, 2018) to predict their optimal take-off timing and 

to reduce the time on the block. Different relay start techniques have evolved during the last 

two decades depending on the swimmer’s position and movements on the block in the so-called 

‘relay change-over’. Typical techniques include: 1) parallel feet placement on the block with 

arm swing movement; 2) the relay track start; and 3) the single-step or double-step start 

techniques (Kibele & Fischer, 2018; McLean et al., 2000).  

Researchers have extensively analysed the kinematic characteristics in individual kick start 

(Peterson Silveira et al., 2018; Tor et al., 2014; Tor et al., 2015) and some parameters have been 

identified as the key factors for overall start performances in competitive swimmers, i.e. block 
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time, flight time, horizontal take-off velocity and time to 10 m (Fischer & Kibele, 2016; 

Peterson Silveira et al., 2018; Tor et al., 2015). In particular, underwater parameters, i.e. 

underwater time, time to maximum depth and underwater velocity, have been directly related 

to starting performances (Fischer & Kibele, 2016; Tor et al., 2015) while race analysis studies 

have described an important evolution of this segment in recent years (Veiga et al., 2014; Veiga 

& Roig, 2016). However, in relay starts, there is a paucity of available data characterising and 

identifying the key features related to better performance. While previous researches have been 

focused on comparing different relay start techniques (McLean et al., 2000; Takeda et al., 2010) 

and the importance of changeover times (Fischer et al., 2019; Saavedra et al., 2014; Siders, 

2010), it remained unclear if the start parameters related to performance differed from the 

previously observed in individual starts.  

Therefore, the purposes of this study were 1) to compare the kinematic characteristics of 

individual and relay swimming starts and 2) to relate the kinematic variables of both starts to 

the 5 m start performance. It was hypothesised that the take-off velocities in relays will be faster 

than in individual starts and, accordingly, the performance times in relays will be faster than in 

individual start. The rationale for this hypothesis would be the preparatory movements on block 

(arm backswing and one-step) that would allow swimmers to reach greater initial velocities. 

3.2 Methods 

3.2.1 Participants 

Twelve elite-level swimmers (age 16.30 ± 1.43 years, height 1.69 ± 0.07 m, body mass 56.60 

± 7.02 kg, and FINA points 767.00 ± 32.43) volunteered to participate in the present study. All 

of the swimmers belonged to the junior national team and presented regular attendance to the 

training program (≈ 9 water sessions and 5 dryland sessions per week) with no major injuries 

in the last three months before the testing procedures. Prior to the measurements, a written 
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informed consent was signed by the swimmers, and for those swimmers aged under 18, the 

consent was signed by their parents or legal guardians. The testing protocol was approved by 

the Technical University of Madrid Ethics Committee and respected the principles of the 

Declaration of Helsinki (WMA, Oct. 2013).  

3.2.2  Testing procedures 

Using a randomised cross-over design, the swimmers were instructed to complete 2 × 25 m 

sprints using the crawl stroke, one with an individual dive and one with a relay start. Trials were 

performed with the Omega OSB11 (Swiss Timing Ltd., Switzerland) starting block and each 

swimmer took a 5-minute rest between each start technique to avoid any effects of fatigue. For 

the relay start trials, an incoming swimmer approached from the 25 m mark to the finishing 

wall in order to replicate the conditions of the race. All relay starts were performed using the 

one-step technique (see Fischer (2017) for more details), as this procedure was practised by the 

training group as a usual part of their weekly training routine. Before the testing, a standardised 

warm-up consisting of 10 minutes of dry-land activities and 20 minutes of swimming in the 

water was carried out, including some specific speed splits before the testing. Subsequently, 

markers in a bold colour were attached to the swimmers’ specific body landmarks to obtain the 

joint positions in a more accurate way during the digitisation procedure.  

Two high-speed cameras (Casio, EX ZR1200 BK, Japan) mounted on tripods (sampling at 120 

Hz, image resolution 640 × 480 pixels) and positioned with the optical axis perpendicular to 

the swimmers’ plane of movement were used for filming. Camera 1 was located at the 2 m mark 

from the starting wall, 1.5 m above the water surface and 3.5 m away from the swimmers’ plane 

of movement. Camera 2 was situated at the 7 m mark, 1 m under the water surface and 15 m 

away from the swimmers’ lane (on the opposite lateral side of the pool). Both cameras were 

synchronised according to the starting swimmer’s fingers first touching the water surface. 
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For each camera view, a calibration frame was employed. It consisted of eight control points 

distributed on a 2 m high and 2 m wide square structure located in the middle of the pool lane. 

The origin of the reference system was placed on the pool wall (Takeda et al., 2012), 

representing the height and distance in the starting direction. Two-dimensional direct linear 

transformation (2D-DLT) based on the algorithms by Abdel-Aziz (1971) was implemented to 

reconstruct and transform the coordinates in pixels to real coordinates in metres. An error 

estimation was conducted by reconstructing the position of ten control points of known 

coordinates not employed for calibration purposes providing a root mean squared error lower 

than 0.03 m for both horizontal and vertical position coordinates. These values were in line to 

previous error estimations when manually digitising swimming start trials (Ikeda et al., 2017). 

During the above-water start phase (from the beginning of the start to the swimmer’s fingers 

first touching the water surface), 21 body landmarks were manually digitised in each frame of 

the swimmer’s footage by the same experienced observer with Photo 23D software (Cala et al., 

2009) to define 14 segments according to the Zatsiorsky-Seluyanov model, modified by De 

Leva (1996). Position coordinates were digitally filtered using a low-pass fourth-order 

Butterworth filter, with 8 Hz as the cut-off frequency. The start times for the block swimmers 

in the relay technique began with the first observable movement of the arm swing from the 

initial position. This initial position consisted of swimmers pointing with their hands at the 

water surface, approximately 2 m from the starting wall, according to previously described 

(Kibele & Fischer, 2018). The duration of each relay start filmed by Camera 1 (block and aerial 

phases) was normalised to a percentage from 0 to 100 % by linear interpolation. In the 

underwater phase (from swimmer’s fingers first touching the water to head breaking the water 

surface), the swimmer’s head vertex was identified and manually digitised at specific events to 

represent the swimmer’s depth. Also, 5 m, 10 m and 15 m distances from the starting wall were 

identified with bold colour markers for Camera 2 to obtain starting times. All kinematic 
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parameters obtained from the aerial and underwater video footage are defined in Table 3.1. 

3.2.3 Statistical analyses 

Data are presented as means and standard deviations (SDs). The distribution of each parameters 

was examined for normality using the Shapiro-Wilks test. Paired t-test was then implemented 

to compare the differences between individual and relay start techniques. In order to interpret 

the meaningfulness of differences, effect size (ES) was determined by standardised Cohen’s d 

and was classified as the following thresholds: 0.2, trivial; 0.6, small; 1.2, moderate; 2.0, large; 

4.0, very large; and ≥ 4.0, extreme large (Hopkins et al., 2009). Pearson’s correlation coefficient 

was employed to interpret the relationships between the variables of the aerial phase and the 5 

m start time in two start types, respectively, with 0.1, 0.3, 0.5, 0.7 and 0.9 being the threshold 

values that represented small, moderate, large, very large and nearly perfect correlations 

(Hopkins et al., 2009). All statistical procedures and data visualisation were conducted using 

the R programming language (Version 3.6.1) with p < 0.05 set as the significance level.  

3.3 Results 

The descriptive statistics and comparison of individual and relay starts in the above-water and 

underwater phases for competitive swimmers are shown in Table 3.2. 

While being on the starting block, relay swimmers spent longer absolute block time and longer 

% block time than in the individual start with a higher initial height of CM. Further, the CM 

height at the instant of take-off was higher in the individual starts. For the aerial phase, 

swimmers’ CM presented a higher entry height in the individual starts but reached a longer 

entry distance during relay starts. The normalised aerial trajectories and velocities of the 

swimmers’ CM both in the individual and relay starts are presented in Figure 3.1 and Figure 

3.2, respectively. 
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Table 3.1 Variable definitions during the aerial and underwater start phases. 

 Variables Definition  

Above water Block Time (s) Time from the start signal to take-off in individual start; time from the first movement on block to take-off in relay start. 

 % Block Time The time percentage of block times in individual and relay starts. 

 Flight time (s) Time from toes taking off to fingers first touching the water surface. 

 % Flight time The time percentage of flight times in individual and relay starts. 

 Initial CM distance (m) The horizontal distance between swimmer’s centre of mass and the edge of the pool wall at the initial position. 

 Initial CM height (m) The vertical distance between swimmer’s centre of mass and water surface at the initial position. 

 CM take-off distance (m) The horizontal distance between swimmer’s centre of mass and the edge of the pool wall at the instant of take-off. 

 CM take-off height (m) The vertical distance between swimmer’s centre of mass and the water surface at the instant of take-off. 

 Entry distance (m) The horizontal distance between swimmer’s centre of mass and the edge of the pool wall when swimmers’ fingers contact the water. 

 Entry height (m) The vertical distance between swimmer’s centre of mass and water surface when swimmers’ fingers contact the water. 

 Take-off horizontal velocity (m/s) The horizontal velocity of swimmer’s centre of mass at the instant of take-off. 

 Take-off vertical velocity (m/s) The vertical velocity of swimmer’s centre of mass at the instance of take-off. 

 Take-off velocity (m/s) The total velocity of swimmer’s centre of mass at the instance of take-off. 

 Entry velocity (m/s) The total velocity of swimmer’s centre of mass at the instance of entry. 

 Take-off angle (degrees) The direction of the swimmer’s centre of mass displacement at take-off. 

 Entry angle (degrees) The direction of the swimmer’s centre of mass displacement at water entry. 

Underwater Submersion time (s) Time from the swimmer’s fingers first touching the water surface to their body being fully submerged underwater. 

 First kick time (s) Time from the swimmer’s fingers first touching the water to the moment they completed the first underwater down kick. 

 Max depth time (s) Time from the swimmer’s fingers first touching the water to the moment their head reaches the max depth underwater. 

 
Emersion time (s) 

Time from the start signal (in individual start) or the wall touch of the incoming swimmer (in relay start) to head resurfacing from 

underwater. 

 Underwater time (s) Time from water entry to head emersion.  

 % Underwater time The time percentage of the time from water entry to head emersion. 

 Submersion distance (m) The horizontal distance between the wall and swimmer’s body totally submerged underwater. 

 First kick distance (m) The horizontal distance between the wall and swimmer’s head when they completed the first underwater down kick. 

 Max depth (m) The vertical distance between water surface and swimmer’s head reaching the max depth underwater. 

 Max depth distance (m) The horizontal distance between the wall and swimmer’s head reaching the max depth underwater. 

 Emersion distance (m) The horizontal distance between the wall and swimmer’s head resurfacing from underwater. 

 Underwater distance (m) The horizontal distance between water entry and head emersion. 

 Emersion velocity (m/s) The relevant velocity calculated by emersion distance and time.  

 Underwater velocity (m/s) The relevant velocity calculated by underwater distance and time. 

 
Time to 5/10/15m (s) 

Times from start signal to swimmers’ head reaching 5/10/15 m markers in individual start; times from the incoming swimmer touching 

the wall to outgoing swimmer’s head reaching 5/10/15 m markers in relay start. 

 5/10/15 m average velocity (m/s) The average velocity calculated by the performance distances and times to 5/10/15 m markers. 
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Table 3.2 Descriptive statistics and comparison of relay and individual starts in the above-water and underwater phases. 

 
Variables 

Individual 

(mean ± SD) 

Relay 

(mean ± SD) 
p-value ES 

Above water Block time (s) 0.59 ± 0.05 0.76 ± 0.12 0.001  −1.791 

 % Block time 11.82 % ± 2.04 % 18.45 % ± 5.47 % 0.002  −1.609 

 Flight time (s) 0.30 ± 0.05 0.30 ± 0.06 0.871  −0.050 

 % Flight time 5.91 % ± 1.14 % 7.18 % ± 1.54 % 0.061  −0.942 

 Initial CM distance (m) −0.27 ± 0.03 −0.29 ± 0.04 0.229  0.481 

 Initial CM height (m) 1.23 ± 0.04 1.49 ± 0.06 < 0.001 −4.807 

 CM take-off distance (m) 0.79 ± 0.06 0.88 ± 0.06 0.002  −1.505 

 CM take-off height (m) 1.18 ± 0.08 1.11 ± 0.09 0.011  0.753 

 Entry distance (m) 2.03 ± 0.20 2.16 ± 0.24 0.034  −0.596 

 Entry height (m) 0.59 ± 0.04 0.53 ± 0.06 0.022  1.203 

 Take-off horizontal velocity (m/s) 4.08 ± 0.26 4.11 ± 0.13 0.699  −0.156 

 Take-off vertical velocity (m/s) −0.35 ± 0.42 −0.38 ± 0.52 0.822  0.063 

 Take-off velocity (m/s) 4.11 ± 0.25 4.16 ± 0.15 0.584  −0.226 

 Entry velocity (m/s) 5.40 ± 0.25 5.54 ± 0.29 0.141  −0.495 

 Take-off angle (degrees) 184.90 ± 5.82 185.18 ± 7.16 0.877  −0.043 

 Entry angle (degrees) 220.81 ± 2.58 219.71 ± 3.19 0.388  0.380 

Underwater Submersion time (s) 0.41 ± 0.03 0.36 ± 0.04 0.009  1.275 

 First kick time (s) 1.01 ± 0.26 1.06 ± 0.23 0.309  −0.226 

 Max depth time (s) 0.60 ± 0.08 0.55 ± 0.08 0.152  0.648 

 Emersion time (s) 5.12 ± 0.82 4.28 ± 0.73 0.039  1.082 

 Underwater time (s) 3.65 ± 0.84 3.75 ± 0.72 0.783  −0.129 

 % Underwater time 70.55 % ± 4.23 % 87.36 % ± 2.16 % < 0.001 −5.011 

 Submersion distance (m) 3.68 ± 0.31 3.66 ± 0.38 0.843  0.050 

 First kick distance (m) 5.40 ± 0.48 5.67 ± 0.55 0.133  −0.517 

 Max depth (m) −0.73 ± 0.10 −0.82 ± 0.21 0.198  0.538 

 Max depth distance (m) 4.34 ± 0.25 4.28 ± 0.47 0.580  0.152 

 Emersion distance (m) 10.20 ± 1.73 10.64 ± 1.75 0.550  −0.251 

 Underwater distance (m) 7.71 ± 1.71 8.00 ± 1.62 0.688  −0.180 

 Emersion velocity (m/s) 2.00 ± 0.16 2.50 ± 0.21 < 0.001 −2.722 

 Underwater velocity (m/s) 2.12 ± 0.19 2.14 ± 0.13 0.805  −0.081 

Performance Time to 5 m (s) 1.60 ± 0.12 1.13 ± 0.18 < 0.001 3.053 

 Time to 10 m (s) 4.41 ± 0.38 3.94 ± 0.40 0.001  1.204 

 Time to 15 m (s) 7.20 ± 0.57 6.73 ± 0.54 0.002  0.850 

 5 m average velocity (m/s) 3.15 ± 0.24 4.53 ± 0.63 < 0.001 −2.887 

 10 m average velocity (m/s) 2.28 ± 0.20 2.56 ± 0.25 0.001  −1.231 

 15 m average velocity (m/s) 2.10 ± 0.17 2.24 ± 0.17 0.003  −0.855 

Note: Changeover time (0.20 ± 0.08 s) was not displayed in the descriptive results as it only occurred in the relay starts. 
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Figure 3.1 The average CM aerial trajectories (from swimmers’ first movement on the block to the fingers entry) of 

individual and relay starts in 100% normalised time. Red: individual start; blue: relay start. 95% confidence interval 

shown as the shaded areas. 

In the underwater start phase, swimmers spent less time to fully submerge, to reach maximum 

depth and to emerge when performing the relay start. Moreover, the time contribution of the 

underwater phase was larger in the relay starts as well as the emersion velocity. The 5m, 10m 

and 15m start times (as well as average velocities) were faster in relay starts than in individual 

starts. 

For the kinematic parameters, block time, take-off horizontal velocity, take-off velocity, and 

entry angle were very strongly related to the 5 m time in individual starts (r = 0.77 to 0.83), as 

shown in Figure 3.3. Further, very large correlations were detected in take-off height (r = −0.86) 

and entry distance (r = −0.90) with the 5 m relay start time. Also, the changeover time (r = 0.69) 

was strongly related to the 5 m relay start time.  
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Figure 3.2 The average CM velocity curves (from swimmers’ first movement on the block to the instant of toes take-off) 

of individual and relay starts in 100% normalised time. Red: horizontal velocity of individual start; green: vertical 

velocity of individual start; blue: horizontal velocity of relay start; purple: vertical velocity of relay start. 95% 

confidence interval shown as the shaded areas. 

3.4 Discussion and implications 

The purpose of the present study was to compare the kinematic characteristics of the individual 

and relay starts of competitive swimmers and to relate these kinematic parameters to the overall 

start performances. A quarter of the swimming races in international competitions are relay 

races but there is currently a lack of information for swimmers and coaches on the key 

spatiotemporal parameters of the relay starts. As hypothesised, the present results indicated that 

competitive swimmers performed 29.4 %, 10.7 %, and 6.5 % faster 5 m, 10 m and 15 m times, 

respectively, when performing a relay start as compared to an individual starts, whereas there 

being no substantial differences in the take-off horizontal velocity between the two start
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Figure 3.3 The correlations between the variables of the aerial start phase and the times to 5 m in individual and relay 

starts. Positive correlations are shown in a blue scale and negative correlations are shown in a red scale. * p < 0.05; ** 

p < 0.01. 
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techniques. Also, the kinematic parameters related to the overall start performances were 

different in the two start techniques.  

For the block phase, it should be stressed that swim start regulations are different depending on 

the swim start techniques (relay or individual). Swimmers in individual starts were a rest until 

the referee’s start signal, whereas in relays, swimmers performed one preparatory step and one 

complete arm backswing before the incoming swimmer touched the wall. Accordingly, block 

times in relays (from the first movement on the block) were longer than in individual starts. 

Differences between relay and individual starts were also observed in the swimmers’ CM height 

at the initial position on the block, although this is not surprising due to the fact that swimmers 

do not grab the front edge of the block with their hands when performing a relay start. However, 

interestingly, swimmers in relay starts reached a further (from the front edge of the block) and 

lower position at take-off than in individual starts (see Figure 3.1). This evolved to a longer 

distance and lower height at water entry in relay starts. These differences might be explained 

by the previous arm movements on the block, which may allow swimmers to move their CM 

earlier and over a larger distance on the block. Indeed, swimmers’ CM may fall forward 

following the arm swing (Gambrel et al., 1991).  

Differences in the spatiotemporal parameters on the block, however, did not represent 

differences in the take-off velocity between individual and relay starts. Results indicated only 

trivial difference in the horizontal velocity at take-off between both starts (Table 3.2), which is 

graphically represented in Figure 3.2. This indicates that the anticipated step and arm backswing 

movements on the block did not help swimmers gain a higher velocity at the instant of take-off. 

In the vertical squat jump, the arm swing has been reported to increase jump height by about 

20 % compared to jumping without arm movements (Blache & Monteil, 2013). Probably, in 

swimming, relay participants have to compromise the force application on the starting block to 
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adjust their preparatory movement to the incoming swimmer (Fischer et al., 2017). Previous 

studies have indicated that these preparatory movements should generate higher velocities at 

the instant swimmers’ feet leave the block (Gambrel et al., 1991; McLean et al., 2000) but no 

previous research has examined this yet.  

When entering the water, relay starters spent shorter times to the maximum underwater depth, 

which could well be explained by the lower CM height at the instant of water entry (Table 3.2). 

However, the height of the relay swimmer’s CM at water entry was 0.1 ‒ 0.2 m lower than 

previous data on relay starts (ranging from 0.65 ± 0.09 m to 0.76 ± 0.06 m (Gambrel et al., 

1991; McLean et al., 2000)). Therefore, this could represent a specific feature of the present 

study sample rather than a general effect of the relay start techniques. During the underwater 

phase, the time contribution of underwater accounted for a larger percentage when performing 

the relay start, although in absolute terms, no differences in underwater time were observed 

between individual and relay starts. Hypothetically, relay start movements will provide 

swimmers with faster horizontal take-off velocities, which could help them to travel longer 

distances underwater before emerging. However, our results do not support that hypothesis as 

faster or longer underwater sections in relay starts were not observed. Interestingly, in both start 

conditions, emersion times and distances were longer than in previous study on competition 

(Veiga et al., 2014) which confirms a continuous evolution of underwater swimming 

contribution in recent years. 

In present study, performance start times were significantly faster in relay starts than in 

individual starts, 29.4 % for 5 m, 10.7 % for 10 m and 6.5 % for 15 m. These differences were 

clearly greater than those observed in the overall relay versus individual swimming 

performances (Skorski et al., 2016). The small differences in take-off velocity between two start 

techniques and the fact that the differences in overall start times gradually decreased from 5 m 
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to 15 m, indicating that the differences between starts were mainly explained by differences 

between the block time of individual start and changeover time of relay start.  Indeed, previous 

studies (Marinho et al., 2009; Tor et al., 2015) have indicated that 10 ‒ 15 m times are more 

closely related to the underwater start phase. Also, when controlling block and changeover 

times (Atkison, 2018; Smith, 2018), literature showed no meaningful differences for 5 m 

between the two start techniques. In the present research, times to 5 m from take-off (controlling 

block phase) for relay and individual starts were 0.93 ± 0.14 s and 1.01 ± 0.08 s, respectively, 

indicating moderate differences between the two start techniques beyond differences on the 

block. The swimmers’ body posture on the aerial, entry and underwater phases and its 

implication of the drag forces (Vennel et al., 2006), beyond the CM kinematics, could probably 

explain part of the differences observed.  

When kinematic parameters were related to 5 m start times, block time, the take-off horizontal 

velocity and the entry angle showed very large correlations to 5 m time in individual starts 

(Figure 3.3). This finding is consistent with a previous investigation (García-Ramos et al., 

2015), which found a close relationship (r = −0.65) between take-off horizontal velocity and 5 

m start time in elite swimmers. Also, previous studies using multiple regression analysis 

indicated that block time and take-off horizontal velocity accounted for 96.3 % (Fischer & 

Kibele, 2016) and 81 % (Tor et al., 2015) the variances in the 7.5 m and 15 m times, 

respectively.  

In relays, CM take-off height and entry distances were related to 5 m times. This represents an 

important finding of the present research (see Figure 3.3), as no prior studies had previously 

revealed which starting parameters are related to the relay start performances. The ability of 

swimmers to control their body position at take-off after the preparatory movements (arm swing 

and leg step) could well represent an important factor in performing a good aerial phase and, 
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consequently, optimal 5 m times during relay starts. Indeed, in the present research, swimmers 

reached marginally longer CM entry distances by approximately 6 % in relay than in individual 

starts (Table 3.2) even if they did not take off at faster velocities. Previous research had reported 

less effective streamline above and below the water during the entry phase of relay starts, unless 

specifically trained (Atkinson, 2018). This undoubtedly suggests the importance of the 

swimmer’s body control during the aerial phase after relay preparatory movements. In relation 

to changeover times, large correlations were also observed with 5 m relay times in the present 

study. Previously, one study had examined the relationship between changeover time and 

overall relay race performance (Saavedra et al., 2014), but no relationships with specific start 

performance had been observed. The ability to adjust timing between the incoming swimmer 

and the swimmer on the block probably highlighted the importance of changeover times in 

relays compared to individual starts, where other kinematic parameters are more relevant for 

performance. 

As a critical remark, the present study compared a great number of kinematic parameters 

between individual and relay starts, but no kinetic data was obtained due to the lack of force 

measurement devices on the block. Previous research highlighted the role of the horizontal 

forces applied on the block during the one-step technique (Takeda et al., 2010) and also the 

importance of the total horizontal impulse for individual start performances (Peterson Silveira 

et al., 2018).  Therefore, further research about the kinetic parameters of relay starts is needed 

which could help coaches to better understand how the starts in relay races should be performed. 

In addition, the OSB11 starting block model and its construction characteristics could provide 

advantages for alternative relay start techniques which have possibly not been fully exploited 

yet. This could be further examined in future studies. 

3.5 Conclusion 
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Competitive swimmers presented faster 5 m, 10 m and 15 m times (29.4 %, 10.7 % and 6.5 %, 

respectively) on relay than on individual starts despite no differences in the horizontal velocity 

during take-off. Probably, differences on the block or changeover times as well as on the 

swimmers’ body posture (higher initial CM height, longer take-off distance, lower entry height 

and shorter submersion time on relay starts) explained observed differences. Relay starts were 

faster when the CM height at take-off and the entry distances (besides shorter changeover time) 

were greater. On the other hand, individual starts were faster when the block times were shorter, 

and the take-off velocities and entry angles were greater. Differences on the swim start 

regulations between the individual and relay events were consistent with different key 

parameters related to start performance. This should be considered by swimmers and coaches 

when addressing the starting improvement.  



 

48 

 

3.6 References 

Abdel-Aziz, Y. (1971). Direct linear transformation from comparator coordinates into object 

space in close-range photogrammetry [Paper presentation]. Symposium on Close-

Range Photogrammetry, Champaign, America 

Atkison, R. (2018). Differences between relay and individual starts in elite female swimmers 

[Paper presentation]. International Symposium for Biomechanics and Medicine in 

Swimming, Tsukuba, Japan.  

Blache, Y., & Monteil, K. (2013). Effect of arm swing on effective energy during vertical 

jumping: experimental and simulation study. Scandinavian Journal of Medicine & 

Science in Sports, 23(2), e121-e129.  

Cala, A., Veiga, S., Garcia, A., & Navarro, E. (2009). Previous cycling does not affect running 

efficiency during a triathlon World Cup competition. Journal of Sport Medicine and 

Physical Fitness, 49(2), 152–158.  

De Leva, P. (1996). Adjustments to Zatsiorsky-Seluyanov's segment inertia parameters. 

Journal of Biomechanics, 29(9), 1223–1230. https://doi.org/10.1016/0021-

9290(95)00178-6 

Fischer, S. (2017). Evaluating relay starts in swimming. In S. Fischer & A. Kibele (Eds.), 

Contemporary swim start research: Conference book: Young experts' workshop on 

swim start research 2015 (pp. 50–58). Meyer & Meyer Sport. 

Fischer, S., & Kibele, A. (2016). The biomechanical structure of swim start performance. Sports 

Biomechanics, 15(4), 397–408. https://doi.org/10.1080/14763141.2016.1171893 

Fischer, S., Braun, C., & Kibele, A. (2017). Learning relay start strategies in swimming: What 

feedback is best? European Journal of Sport Science, 17(3), 257–263. 

https://doi.org/10.1080/17461391.2016.1221471 

Fischer, S., Braun, C., & Kibele, A. (2019). Jason Lezak again and again-linear mixed 

modelling analysis of change–over times in relay swimming races. Journal of Sports 

Sciences, 37(14), 1609–1616. https://doi.org/10.1080/02640414.2019.1578448 

Gambrel, D. W., Blanke, D., Thigpen, K., & Mellion, M. B. (1991). A biomechanical 

comparison of two relay starts in swimming. Journal of Swimming Research, 7(2), 5-9.  

Garcia-Hermoso, A., Escalante, Y., Arellano, R., Navarro, F., Domínguez, A. M., & Saavedra, 

J. M. (2013). Relationship between final performance and block times with the 

traditional and the new starting platforms with a back plate in international swimming 



 

49 

 

championship 50-m and 100-m freestyle events. Journal of Sports Science & Medicine, 

12(4), 698–706.  

García-Ramos, A., Feriche, B., de la Fuente, B., Argüelles-Cienfuegos, J., Strojnik, V., 

Strumbelj, B., & Štirn, I. (2015). Relationship between different push-off variables and 

start performance in experienced swimmers. European Journal of Sport Science, 15(8), 

687–695. https://doi.org/10. 1080/17461391.2015.1063699 

Hopkins, W., Marshall, S., Batterham, A., & Hanin, J. (2009). Progressive statistics for studies 

in sports medicine and exercise science. Medicine and Science in Sports and Exercise, 

41(1), 3-13. https://doi.org/10.1249/MSS.0b013e31818cb278 

Ikeda, Y., Ichikawa, H., Nara, R., Baba, Y., & Shimoyama, Y. (2017). Does installation of the 

backstroke start device reduce 15-m start time in swimming? Journal of Sports Sciences, 

35(2), 189-195. https://doi.org/10.1080/02640414.2016.1161204 

Kibele, A., & Fischer, S. (2018). Relay Starts in Swimming - a Review of Related Issues. In R. 

J. Fernandes (Ed.), The Science of Swimming and Aquatic Activities (pp. 59–78): Nova 

Science Pub Inc. 

Marinho, D. A., Reis, V. M., Alves, F. B., Vilas-Boas, J. P., Machado, L., Silva, A. J., & 

Rouboa, A. I. (2009). Hydrodynamic drag during gliding in swimming. Journal of 

Applied Biomechanics, 25(3), 253-257. https://doi.org/10.1123/jab.25.3.253 

McLean, S. P., Holthe, M. J., Vint, P. F., Beckett, K. D., & Hinrichs, R. N. (2000). Addition of 

an approach to a Swimming Relay Start. Journal of Applied Biomechanics, 16(4), 342–

355. https://doi.org/10.1123/jab.16.4.342 

Peterson Silveira, R., Stergiou, P., Figueiredo, P., Castro, F. D. S., Katz, L., & Stefanyshyn, D. 

J. (2018). Key determinants of time to 5m in different ventral swimming start 

techniques. European Journal of Sport Science, 18(10), 1317–1326. 

https://doi.org/10.1080/17461391.2018. 1486460 

Ribeiro, L., Costa, A. M., Louro, H., Sobreiro, P., Esteves, P., & Conceição, A. (2020). 

Estimating time-to-contact with temporal occlusion in relay swimming: a pilot study. 

European Journal of Sport Science, 20(5), 592-598. 

https://doi.org/10.1080/17461391.2019.1658809 

Saavedra, J. M., García-Hermoso, A., Escalante, Y., Dominguez, A. M., Arellano, R., & 

Navarro, F. (2014). Relationship between exchange block time in swim starts and final 

performance in relay races in international championships. Journal of Sports Sciences, 

32(19), 1783–1789. https://doi.org/10.1080/02640414.2014.920099 



 

50 

 

Siders, W. (2010). Competitive swimming relay exchange times: a descriptive study. 

International Journal of Sports Science & Coaching, 5(3), 381–387. 

https://doi.org/10.1260/1747-9541.5.3.381 

Skorski, S., Etxebarria, N., & Thompson, K. G. (2016). Breaking the myth that relay swimming 

is faster than individual swimming. International Journal of Sports Physiology and 

Performance, 11(3), 410–413. https://doi.org/10.1123/ijspp.2014-0577 

Smith, N. (2018). A comparison of start techniques used in elite swimming: The stationary start 

versus the relay changeover [Paper presentation]. International Symposium on 

Biomechanics and Medicine in Swimming, Tsukuba, Japan.  

Takeda, T., Takagi, H., & Tsubakimoto, S. (2010). Comparison among three types of Relay 

Starts in Competitive Swimming [Paper presentation]. International Symposium on 

Biomechanics and Medicine in Swimming, Oslo, Norway.  

Takeda, T., Takagi, H., & Tsubakimoto, S. (2012). Effect of inclination and position of new 

swimming starting block's back plate on track-start performance. Sports Biomechanics, 

11(3), 370–381. https://doi.org/10.1080/14763141.2011.637122 

Tor, E., Pease, D. L., & Ball, K. A. (2015). Key parameters of the swimming start and their 

relationship to start performance. Journal of Sports Sciences, 33(13), 1313–1321. 

https://doi.org/10.1080/02640414.2014.990486 

Tor, E., Pease, D., & Ball, K. (2014). Characteristics of an elite swimming start [Paper 

presentation]. International Symposium for Biomechanics and Medicine in Swimming, 

Canberra, Australia 

Veiga, S., Cala, A., G. Frutos, P., & Navarro, E. (2014). Comparison of starts and turns of 

national and regional level swimmers by individualised-distance measurements. Sports 

Biomechanics, 13(3), 285–295. https://doi.org/10.1080/14763141.2014.910265 

Veiga, S., & Roig, A. (2016). Underwater and surface strategies of 200 m world level swimmers. 

Journal of Sports Sciences, 34(8), 766–771. 

https://doi.org/10.1080/02640414.2015.1069382 

Vennell, R., Pease, D., & Wilson, B. (2006). Wave drag on human swimmers. Journal of 

Biomechanics, 39(4), 664–671. https://doi.org/10.1016/j.jbiomech.2005.01.023 

  

https://doi.org/10.1016/j.jbiomech.2005.01.023


 

51 

 

  



 

52 

 

 

 

Tesis Doctoral D.a Xiao Qiu 

 

CHAPTER 4 

Comparison of the Swimming Start 

Performance Between Individual and 

Relay Freestyle Races 

 

Xiao Qiu, Alberto Lorenzo, Blanca De la 

Fuente & Santiago Veiga 

 

 



 

53 

 

Chapter 4 Comparison of the Swimming Start Performance 

Between Individual and Relay Freestyle Races 

4.1 Introduction 

Dive start is defined in swimming competitive races as from start signal to swimmers’ head 

reach the 15 m mark and it represents a critical part in swimming competitions specially in short 

events (Cossor & Mason, 2001). It is performed both in individual and relay races: In individual 

races, swimmers begin their starting movements immediately after the referee’s start signal; in 

contrast, relay swimmers (except the first leg) may initiate their starting movements any time 

as long as both or one of their feet still is in contact with the start block until the incoming 

swimmer touches the wall. Literature (Atkison, 2018; Smith, 2018) previous compared the 

differences between the individual dive and relay changeover starts in laboratory settings 

indicating that (when controlling for block time) the relay start may not provide any additional 

advantage in terms to time to 15 m. However, no data has been examined in competition. 

Therefore, this study was aimed to compare the starting performances between individual and 

relay events in swimming competitions. 

4.2 Methods 

4 × 100 m freestyle relay and 100 m freestyle races footage were obtained from Spideeo system 

during the 2017 European Junior Swimming Championships (Netanya, Israel). Swimmers (n = 

12, 5 males and 7 females) who competed both in relay final and individual final or heats were 

selected for further analysis, only the performances from the second to fourth relay swimmers 

were recruited owing to the first relay swimmer performs a dive start technique just as in 

individual event. The high-definition (HD) video (50 Hz) of all races were provided by the 

championship organization, which delivered real-time multi-angle recordings. One fixed 

https://en.wikipedia.org/wiki/Netanya
https://en.wikipedia.org/wiki/Israel
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camera (AXIS q1635, Lund, Sweden) was positioned at the finishing (starting) side from 

swimmers’ plane of movement, to capture the motions of above-water starting phases (Figure 

4.1); four tracked cameras (AXIS v5915, Lund, Sweden) were used to record swimmer’s 

starting performance to 15m and each camera covered two swimming lines. Time code was 

synchronized to the official timing system by the starting light signal and was carried out as 

visible reference to set the time-stamp in the race analysis software.  

 

Figure 4.1 Filming set-up position of fixed camera.  

Temporal parameters recruited as flight time was defined as the time from take-off to 

swimmer’s head enter the water, underwater time was defined as the time between head entry 

to head emersion, emersion time was defined as the time from the race (or relay leg) beginning 

to head emersion and 15 m start time was calculated from the race (or relay leg) beginning to 

when swimmer’s head reached 15 m mark. Spatial parameters were evaluated from the starting 

wall to swimmer’s head reach the distances of entry, emersion and 15 m. Average velocities 

were calculated on the grounds of their respective times and distances. Paired t-test was 

implemented to compare the starting parameters between individual and relay races. Effect 

sizes were then calculated using Cohen’s d (Cohen, 1992) and interpreted with small, medium 
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and large thresholds for 0.2, 0.5 or 0.8 effect sizes, respectively. All statistical procedures were 

carried out using the R programming language (Version 3.6.1). Significance was set at p＜0.05. 

4.3 Results 

The descriptive results (mean±SD), p value, and effect size (Cohen’s d) for the start 

performances in individual and relay races are shown in Table 4.1. 

Table 4.1 Parametric characteristics of the starting performance in the individual and relay 100m freestyle of the LEN 

2017 European Junior Swimming Championships. 
 Individual Relay 

p value Cohen’s d  mean SD mean SD 

Reaction Time (s) 0.69  0.06  0.29  0.14  0.000 3.76  

Flight Time (s) 0.32  0.07  0.36  0.09  0.035 0.46  

Entry Distance (m) 2.95  0.38  2.99  0.32  0.561 0.14  

Underwater Time (s) 3.25  0.84  2.92  0.70  0.275 0.44  

Underwater Distance (m) 7.83  1.61  7.43  1.58  0.522 0.25  

Underwater Velocity (m/s) 2.45  0.27  2.57  0.23  0.131 0.49  

Emersion Time (s) 4.26  0.82  3.56  0.74  0.040 0.90  

Emersion Distance (m) 10.77  1.50  10.42  1.57  0.565 0.23  

Emersion Velocity (m/s) 2.56  0.27  2.98  0.35  0.001 1.33  

Swim Time (s) 2.24  0.63  2.49  0.75  0.411 0.37  

Swim Distance (m) 4.23  1.50  4.58  1.57  0.565 0.23  

Swim Velocity (m/s) 1.87  0.30  1.81  0.20  0.442 0.24  

15m Start Time (s) 6.50  0.46  6.05  0.50  0.000 0.93  

15m Average Velocity (m/s) 2.32  0.17  2.50  0.21  0.000 0.92  

 

4.4 Discussion 

The present study compared the starting performances of individual and relay events in the 

freestyle event of the same competition. The results revealed that the same swimmers performed 

6.92 % faster 15 m times in the relay versus the individual freestyle events, difference seemed 

to be due to the longer reaction time from the race beginning. There were no other differences 

on temporal or spatial parameters except emersion time which also affected by the reaction 

time.  

Reaction time was significant shorter when competing in relay race, this is not surprising due 
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to no start signal in relay race, allowing competitors are able to gain the anticipate benefit 

(Mellifont, 2009) before take-off. Similarly, the advantages of the reduced reaction time also 

resulted in the reduction of start time, 15 m start time and relevant average velocity were 

observed greater in relay performance. This conclusion is in line with the previous investigation 

of individual and relay race profiles (Smith, 2014). 

There was a small difference in flight time between individual and relay races. Present results 

in this parameter were shown longer than reported in previous research (Atkison, 2018) in both 

performance conditions (0.24 ± 0.04 s in individual and 0.27 ± 0.03 s in relay, respectively). 

The reason for this difference might be caused by the competitive level of swimmers, the 

competitors included in the present study were junior category while all participants in the 

previous study were the members in 2016 Olympic relay team, thus, the proficiencies of 

swimmer might help to obtain shorter flight time. 

After the underwater segment, competitors emerged to water surface earlier in relay when 

compared to their individual performance, this could be explained as the result of the differences 

on reaction time since no significant differences were detected during underwater phase 

between two race types. Emersion time was revealed longer than in the previous race 

investigation by Veiga et al. (2013) in individual race (3.44 ± 0.64 s), while shorter than in the 

previous results in relay race (3.91 ± 0.89 s) by Atkison (2018) who excluded the relay 

changeover time from this parameter. In addition, there were no meaningful effects detected in 

the swim phase despite the significances occurred in the moment of emersion. 

4.5 Conclusion 

The starting characteristics of individual and relay races in swimming competition were 

compared in present study. The main differences between race types were detected in the 
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reaction time, emersion time, 15 m start time, and the relevant velocities. Swimmers were able 

to take benefit from the anticipation in relay race and, consequently, to obtain greater 

performances in 15 m start time and 15 m average velocity. Coaches and swimmers should try 

to optimize their relay starting performance in order to take more benefit on flight, underwater 

and swimming phases compare to individual start.  
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Chapter 5 Comparison of Starts and Turns between Individual 

and Relay Swimming Races 

5.1 Introduction 

Recently, the world governing body of competitive swimming (Fédération Internationale de 

Natation, FINA) included the mixed relay events, the 4 × 100 m mixed medley, and freestyle 

relays in the programme of the World Championships. In addition, the International Olympic 

Committee accepted the 4 × 100 m mixed medley relay onto the programme of Olympic Games. 

The result of these actions has been an increase in the total medal statistics of relay events on 

the major international swimming meets. 

Relay races present specific features different from individual events, especially for relay 

swimmers placed second to fourth within their team. Instead of starting immediately after the 

referees’ acoustic signal, in a relay race the outgoing swimmers are allowed to move earlier on 

the block, anticipating the timing of change-over with the incoming teammate. Indeed, change-

over times are related to the relay team performances (Saavedra et al., 2014; Siders, 2010), 

although it has been acknowledged that change-over times could hinder some other key 

parameters like the force production on the block (Fischer et al. 2017). From a biomechanical 

point of view, individual and relay starts present some spatiotemporal differences in the 

swimmers’ centre of mass during the aerial phase. However, no differences in take-off 

velocities have been observed (Qiu et al., 2021). Additionally, the kinematic start parameters 

related to 5 m performance times do not coincide between both techniques as the change-over 

times, take-off height and entry distance are largely related to the start performances in relays 

(Qiu et al., 2021).  

Different performance times at 15 m between the individual and relay start events could even 
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represent differences in the overall race performance. For example, 100 m relay legs during 

world-level competitions were faster than the corresponding 100 m individual performances 

and differences were mainly explained by different block times (Atkison, 2017; Skorski et al., 

2016; Smith, 2014). The psychological aspects of competing on a team could also influence 

performances as swimmers’ motivation may be closely associated with their position within the 

team (Hüffmeier & Hertel, 2011; Hüffmeier et al., 2012; Hüffmeier, Schleu, & Nohe, 2020). 

Indeed, relay participation could even affect the pacing strategies employed by swimmers. In a 

recent study, McGibbon and co-workers (2019) found that half of the investigated 200 m 

swimmers in fourteen international competitions changed to a positive pacing strategy in relay 

races that impaired their swimming performance during 4 × 200 m relays. 

Specific features of relay events also include differences in the underwater swimming sections. 

Atkison (2018) found lower effectiveness in the underwater phase of relay starts unless a 

specific training oriented to the flight and entry phases was conducted. In the last few years, the 

role of the underwater swimming sections in overall performance has been notably highlighted 

from race analysis data. While being underwater after diving (starts) or pushing-off the wall 

(turns), swimmers can maintain greater forward velocities (Veiga & Roig, 2016; Vennell, 

Pease, & Wilson, 2006) and reduce hydrodynamic (Elipot et al., 2009; Thow, Naemi, & 

Sanders, 2012) compared with the free swimming section. Indeed, this section has shown a 

meaningful impact on the 100 m and 200 m finishing times during World Championships 

(Veiga and Roig, 2016; 2017). To date, no previous study examined the underwater swimming 

sections in relay events (Gonjo & Olstad, 2021). It remains unclear whether relay swimmers 

would present a different behaviour during underwater sections that could impact their start and 

turn competitive performances.  

In the present study, we aimed to compare the starting and turning segments of elite swimmers’ 
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participants in the individual and relay races of the same competition (LEN European Junior 

Swimming Championships). It was hypothesised that in relay races swimmers could present a 

superior performance in the starting segment due to shorter block times, but this would not 

necessarily reflect differences in specific start subsections or in the turns. 

5.2 Methods 

5.2.1 Participants 

Swimmers who participated both in the 100 m individual and 100 m relay races of the same 

stroke during the 2017 European Junior Swimming Championships (Netanya, Israel) were 

sampled as participants. In this competition, 4 × 100 m relay finals (freestyle, medley and mixed 

freestyle) and 100 m individual finals or semi-finals footages were collected from SPIIDEO 

system. Only data on the second, third and fourth relay swimmers were recruited in the database 

due to the start technique of the first relay leg being the same as in the individual race. 

Consequently, a total number of 72 race performances (36 in individual and 36 in relay races; 

15 males and 21 females) corresponding to three strokes (butterfly: n = 20, breaststroke: n = 

22, and freestyle: n = 30) were analysed. The mean times for the individual and relay 

performances in each stroke were: 53.36 ± 1.28 s and 60.10 ± 0.59 s in male and female butterfly 

events, respectively; 61.43 ± 1.34 s and 69.63 ± 0.54 s in male and female breaststroke events, 

respectively; and 49.40 ± 0.40 s and 56.00 ± 1.02 s in male and female freestyle events, 

respectively. Procedures were approved by the local Institutional Research Review Board in 

accordance with the Helsinki Declaration (WMA, Oct. 2013). 

5.2.2 Procedure 

All race videos were provided by the championship organisation and sampled at 50 Hz (HD), 

delivering real-time multi-angle recordings. The race times (i.e., overall swim time, split time, 
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reaction time, and change-over time) were collected from the official results website of LEN 

European Aquatics (http://www.microplustiming.com, accessed on 29 December 2019).  

To record swimmers’ race performances in starting and turning sections, two fixed cameras 

(AXIS q1635, Lund, Sweden) were located at the starting (finishing) and turning sides of the 

pool’s public stands, respectively. Cameras were synchronised to the official timing system by 

the starting flash-light signal, which enabled researchers to set the timestamp in the video 

analysis software (Kinovea, v. 0.8.15). The video footage of races was digitised to identify 

swimmers’ starting and turning movements according to individualised-distance measured 

models (Veiga, Cala, Mallo, & Navarro, 2013). Selected two-dimensional coordinates of the 

races were obtained using direct linear transformation (DLT) based algorithms (Abdel-Aziz, 

1971) to reconstruct water surface plane. Calibration was performed through the coloured buoys 

of each swimming lane using eight control points uniformly distributed in the camera view. 

Before the commencement of each competition session, researchers confirmed the exact 

measurement and position of the coloured buoys in each pool lane. The video analysis 

procedure was completed by the same experienced analyst and very high intra-class correlation 

coefficients (ICCs, 0.992–0.999) were obtained.  

The selected parameters of the starting segment were defined as: flight time (time duration from 

the swimmer’s toes take-off to the head enters the water); flight distance (horizontal distance 

from the starting wall to where the swimmer’s head enters the water); underwater distance 

(horizontal distance from where the swimmer’s head enters the water to where the head 

resurfaces from underwater); underwater velocity (underwater distance divided by time); 

emersion distance (horizontal distance from the starting wall to where the swimmer’s head 

resurfaces from underwater); emersion velocity (emersion distance divided by time); 15 m start 

time (time duration from the start signal in an individual race or the incoming swimmer touches 
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the wall in a relay race to the swimmer’s head reaches the 15 m mark); 15 m start average 

velocity (15 m divided by time). 

In the turning segment, monitored parameters were defined as: turn underwater distance 

(horizontal distance between the turning wall and where the swimmer’s head resurfaces from 

underwater); turn underwater velocity (turn underwater distance divided by time); turn swim 

distance (horizontal distance between where the swimmer’s head resurfaces from underwater 

and the head reaches the 15 m mark); turn swim velocity (turn swim distance divided by time); 

15 m turn time (time duration from the swimmer’s feet touching the turning wall to head 

reaching the 15 m mark); 15 m turn velocity (15 m turn distance divided by time). The selected 

parameters were previously employed in swimming race studies for individual events (Morais 

et al., 2019; Veiga, Cala, et al., 2014; Veiga, Mallo, et al., 2014). 

5.2.3 Statistical analyses 

Descriptive results were presented as mean values ± SD. Repeated measures MANOVA 

(multivariate analysis of variance) was conducted to examine the effect of the individual or 

relay performances in the starting and turning segments. The multivariate effects of the start 

and turn performances between different race conditions were tested using Wilks’ lambda 

method. Effect size (partial eta square, η2) was calculated to interpret the meaningfulness of 

differences and categorised as small (0.01), medium (0.06), or large (0.14) (Knudson, 2009). 

All statistical procedures were implemented using IBM SPSS Statistics 25.0 (IBM Corp, 

Armonk, NY, USA) and the statistical significance was set at p < .05. Data visualisation was 

plotted using the ‘ggplot2’ package accessed via the Deducer Interface for the R software (vers. 

4.0.3; R Core Team, 2020). 

5.3 Results 
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5.3.1 Differences between individual and relay events in the starting segment 

Elite swimmers competing on the European Junior Swimming Championships demonstrated 

different start performances between individual and relay events (Wilks lambda = 0.05, F8.00 = 

60.18, p < 0.001, η2 = 0.95). Differences depended on strokes (event × stroke) (Wilks lambda 

= 0.21, F16.00 = 3.36, p = 0.001, η2 = 0.54) and gender (event × gender) (Wilks lambda = 0.26, 

F8.00 = 8.27, p < 0.001, η2 = 0.74). Table 5.1 shows descriptive values and individual versus 

relay comparisons of start parameters during competitive events of the European Junior 

Swimming Championships. The average block times and change-over times were 0.69 ± 0.05 

s and 0.29 ± 0.13 s in individual and relay events, respectively. Figure 5.1 – 5.3 show the 

individual and group variation in each start phase between individual and relay events. 

Differences in the start parameters were observed in all of the start subsections, except the flight 

time (p = 0.08). Compared with individual events, on average, 0.39 ± 0.01 s shorter 15m times 

and 6.22 ± 0.14 % faster 15m velocities were found in relay events. There was a statistical effect 

of gender (event × gender) on the underwater (F1.00 = 7.57, p = 0.01, η2 = 0.20) and emersion 

distances (F1.00 = 6.22, p = 0.02, η2 = 0.17), indicating that male swimmers (unlike females) 

travelled longer distances during the starting movements in individual events. On the other hand, 

there was a statistical effect of stroke (event × stroke) on the underwater velocity (F2.00 = 3.39, 

p = 0.05, η2 = 0.18), indicating that freestyle and butterfly events (unlike breaststroke) presented 

faster velocities in the individual events. 

5.3.2 Differences between individual and relay events in the turning segment 

Elite swimmers competing on the European Junior Swimming Championships also showed 

some differences in their turn performances between individual and relay events (Wilks lambda 

= 0.62, F5.00 = 3.18, p = 0.02, η2 = 0.38), with differences depending on the stroke (event × 
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stroke) (Wilks lambda = 0.52, F10.00 = 2.03, p = 0.05, η2 = 0.28). Table 5.2 shows descriptive 

values and individual versus relay comparisons of turn parameters during competitive events 

of the European Junior Swimming Championships. Figure 5.4 and 5.5 show the individual and 

group variation in each turn phase between individual and relay events. 

In the turn segment, differences were only observed in limited parameters (15 m turn time and 

15 m turn average velocity) between two events. Comparing with relay events, the 15 m turn 

times were on average 0.05 ± 0.04 s faster and 15 m turn velocities were on average 0.73 ± 0.04 

% faster in individual events. There was a statistical effect of stroke (event × stroke) on the 15 

m turn time (F2.00 = 6.62, p = 0.003, η2 = 0.31) and 15 m turn velocity (F2.00 = 7.04, p = 0.004, 

η2 = 0.32), indicating that butterfly events presented faster 15 m turn time and velocity on the 

individual events compared with relays. 

 

Figure 5.1 Individual and group variation in the flight start phase between individual and relay events of the LEN 

European Junior Swimming Championships. 
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Table 5.1 Comparisons of start parameters between individual and relay events in the LEN European Junior Swimming Championships. 

 Male Female 

Individual Relay Individual Relay 

Butterfly Flight Time (s) 0.35 ± 0.03 0.38 ± 0.02 0.34 ± 0.07 0.36 ± 0.10 

 Flight Distance (m) 3.26 ± 0.20 3.34 ± 0.15 2.78 ± 0.26 2.87 ± 0.29 

 Underwater Distance (m) 8.59 ± 1.23 7.03 ± 1.04*** 9.60 ± 1.37 10.13 ± 1.37 

 Underwater Velocity (m/s) 2.56 ± 0.05 2.33 ± 0.42* 2.24 ± 0.13 2.15 ± 0.12 

 Emersion Distance (m) 11.85 ± 1.14 10.36 ± 0.90*** 12.39 ± 1.22 13.00 ± 1.34 

 Emersion Velocity (m/s) 2.70 ± 0.08 3.05 ± 0.42*** 2.33 ± 0.13 2.57 ± 0.18* 

 15 m Start Time (s) 6.09 ± 0.18 5.74 ± 0.19** 6.86 ± 0.25 6.29 ± 0.36*** 

 15m Start Average Velocity (m/s) 2.47 ± 0.07 2.61 ± 0.08** 2.19 ± 0.08 2.39 ± 0.14** 

Breaststroke Flight Time (s) 0.35 ± 0.07 0.40 ± 0.06* 0.33 ± 0.07 0.34 ± 0.06 

 Flight Distance (m) 3.28 ± 0.21 3.51 ± 0.24* 2.89 ± 0.24 2.85 ± 0.18 

 Underwater Distance (m) 9.82 ± 0.57 9.21 ± 0.64 8.53 ± 0.63 8.52 ± 0.44 

 Underwater Velocity (m/s) 2.21 ± 0.08 2.08 ± 0.06 1.97 ± 0.12 1.88 ± 0.06 

 Emersion Distance (m) 13.10 ± 0.52 12.72 ± 0.69 11.42 ± 0.59 11.37 ± 0.43 

 Emersion Velocity (m/s) 2.39 ± 0.09 2.63 ± 0.08* 2.14 ± 0.09 2.34 ± 0.08* 

 15 m Start Time (s) 6.69 ± 0.25 6.39 ± 0.25** 7.97 ± 0.19 7.56 ± 0.17*** 

 15m Start Average Velocity (m/s) 2.25 ± 0.08 2.35 ± 0.09*** 1.88 ± 0.04 1.99 ± 0.04*** 

Freestyle Flight Time (s) 0.39 ± 0.05 0.37 ± 0.05 0.33 ± 0.09 0.33 ± 0.10 

 Flight Distance (m) 3.42 ± 0.20 3.45 ± 0.19 2.98 ± 0.18 2.95 ± 0.28 

 Underwater Distance (m) 7.57 ± 1.69 7.32 ± 1.65 7.38 ± 1.41 6.88 ± 1.52 

 Underwater Velocity (m/s) 2.79 ± 0.25 2.45 ± 0.14*** 2.39 ± 0.14 2.12 ± 0.15*** 

 Emersion Distance (m) 10.98 ± 1.66 10.78 ± 1.68 10.36 ± 1.44 9.83 ± 1.45 

 Emersion Velocity (m/s) 2.90 ± 0.20 3.23 ± 0.28** 2.50 ± 0.11 2.78 ± 0.20*** 

 15 m Start Time (s) 5.91 ± 0.13 5.46 ± 0.10*** 6.77 ± 0.13 6.46 ± 0.15*** 

 15m Start Average Velocity (m/s) 2.54 ± 0.06 2.75 ± 0.05*** 2.22 ± 0.04 2.32 ± 0.05*** 

Differences between individual and relay events: * p < 0.05; ** p < 0.01; *** p < 0.001
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Table 5.2 Comparisons of turn parameters between individual and relay events in the LEN European Junior Swimming Championships. 

 Male Female 

Individual Relay Individual Relay 

Butterfly Turn Underwater Distance (m) 9.28 ± 1.58 8.92 ± 1.10 8.07 ± 1.83 8.17 ± 2.10 

 Turn Underwater Velocity (m/s) 1.94 ± 0.05 1.88 ± 0.07 1.68 ± 0.11 1.66 ± 0.09 

 Turn Swim Distance (m) 5.72 ± 1.58 6.08 ± 1.10 6.93 ± 1.83 6.83 ± 2.10 

 Turn Swim Velocity (m/s) 1.96 ± 0.14 1.94 ± 0.12 1.74 ± 0.06 1.66 ± 0.04 

 15 m Turn Time (s) 7.74 ± 0.30 7.92 ± 0.27* 8.80 ± 0.41 9.00 ± 0.31* 

 15m Turn Velocity (m/s) 1.94 ± 0.07 1.90 ± 0.06* 1.71 ± 0.08 1.67 ± 0.06* 

Breaststroke Turn Underwater Distance (m) 9.61 ± 0.90 9.63 ± 1.19 7.69 ± 0.58 7.81 ± 0.50 

 Turn Underwater Velocity (m/s) 1.75 ± 0.04 1.76 ± 0.07 1.57 ± 0.05 1.58 ± 0.07 

 Turn Swim Distance (m) 5.39 ± 0.90 5.37 ± 1.19 7.31 ± 0.58 7.19 ± 0.50 

 Turn Swim Velocity (m/s) 1.55 ± 0.10 1.56 ± 0.09 1.42 ± 0.05 1.42 ± 0.05 

 15 m Turn Time (s) 8.97 ± 0.13 8.88 ± 0.15 10.07 ± 0.31 10.03 ± 0.36 

 15m Turn Velocity (m/s) 1.67 ± 0.02 1.69 ± 0.03 1.49 ± 0.05 1.50 ± 0.05 

Freestyle Turn Underwater Distance (m) 6.41 ± 0.95 6.27 ± 1.64 5.38 ± 0.93 5.18 ± 0.79 

 Turn Underwater Velocity (m/s) 2.63 ± 0.40 2.70 ± 0.33 2.42 ± 0.23 2.50 ± 0.17 

 Turn Swim Distance (m) 8.59 ± 0.95 8.73 ± 1.64 9.62 ± 0.93 9.82 ± 0.79 

 Turn Swim Velocity (m/s) 2.04 ± 0.08 2.03 ± 0.08 1.77 ± 0.06 1.75 ± 0.05 

 15 m Turn Time (s) 6.58 ± 0.15 6.68 ± 0.16 7.72 ± 0.21 7.73 ± 0.19 

 15m Turn Velocity (m/s) 2.28 ± 0.05 2.25 ± 0.05* 1.94 ± 0.05 1.94 ± 0.05 

Differences between individual and relay events: * p < 0.05; ** p < 0.01; *** p < 0.001
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Figure 5.2 Individual and group variation in the underwater start phase between individual and relay events of the LEN 

European Junior Swimming Championships. Different stroke or gender groups are represented by colors. 

 

Figure 5.3 Individual and group variation in the swim start phase between individual and relay events of the LEN 

European Junior Swimming Championships.
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Figure 5.4 Individual and group variation in the underwater turn phase between individual and relay events of the LEN 

European Junior Swimming Championships. 

 

Figure 5.5 Individual and group variation in the swim turn phase between individual and relay events of the LEN 

European Junior Swimming Championships.
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5.4 Discussion 

The present study compared the starting and turning performances of elite swimmers between 

their individual and relay races within the same competition (the LEN European Junior 

Swimming Championships). Previous studies had observed similar performances of swimmers 

between individual and relay events apart from shorter block times in relay starts, but no 

information regarding the role of starting and turning segments had been reported. 

In the start segment, swimmers participating in the 100 m events of the European Junior 

Swimming Championships globally performed 6.22 ± 0.14 % faster 15 m times in relays than 

in individual events. This was in line with previous differences observed under experimental 

setup conditions (Qiu et al., 2021) and it was accompanied by differences in each of the start 

subsections except the flight phase. The reason was potentially the different start regulations in 

relay versus individual events. This enabled relay swimmers to anticipate their preparatory 

movements on the block in order to optimise their take-off and to obtain benefits for the overall 

start performance (Fischer, 2017; Kibele & Fischer, 2018). Indeed, this has been reported as the 

main explanation for the overall performance differences observed between individual and 

relay efforts (Smith, 2014; Skorski et al., 2016). 

However, faster 15 m times in relay starts did not reflect a superior performance in each start 

section. In the flight phase, swimmers presented similar average flight distances and times when 

racing individual or relay events (Figure 5.1), despite previous results where international level 

swimmers presented longer centre of mass dive distances when performing relay starts in an 

experimental setup (Atkison, 2018; Qiu et al., 2021). Although preparatory block movements 

on relay starts should theoretically lead to a further flight distance (Gambrel, Blanke, Thigpen, 

& Mellion, 1991; McLean, Holthe, Vint, Beckett, & Hinrichs, 2000), the present results suggest 

that swimmers do not profit from them when competing. 
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In the underwater phase, swimmers competing in the 100 m races of LEN European Junior 

Swimming Championships apparently performed a worse underwater section in the relay starts. 

Specifically, male swimmers travelled 0.25 m to 1.56 m shorter underwater distances in relays 

and swimmers on the butterfly and freestyle strokes (both characterised by undulatory 

techniques while underwater) exhibited slower underwater velocities in relays (Figure 5.2). 

This is consistent with previous results showing slower start performances in relay starts if 

specific training was not conducted (Atkinson, 2018). The reason for this probably the different 

swimmers’ body posture and centre of mass position at the instant of take-off and water entry 

in relays (Qiu et al., 2021), which may have several implications for the subsequent underwater 

swimming. Modifications of the entry width (horizontal distance from hand to feet water entry) 

could result in variations in the trajectory while underwater and to an increase of the drag forces 

(Tor, 2017), which, undoubtedly, would lead to an earlier emersion (Elipot et al., 2009; Tor et 

al., 2015). This could be particularly important in the relay starts where the control of the body 

position during flight phase seems to be more difficult than in individual events in view of the 

great inter-subject variation observed in flight distance in the present research (Figure 5.1). 

Interestingly, female swimmers in butterfly races (unlike males) showed a similar underwater 

performance between their individual and relay races, probably related to their shorter flight 

distances and presumably better control of body position at entry (Table 5.1). As a consequence, 

their underwater distances for butterfly starts were considerably longer than for male swimmers. 

These results suggest that relay swimmers should adjust their entry position (entry angle) and 

minimise the entry width to optimally perform during underwater swimming.  

In the turn segment, differences between the individual and relay races were lower than in the 

start segment. Swimmers competing at the 100 m events of the LEN European Junior 

Swimming Championships displayed faster 15 m turn times and velocities in the individual 

races of butterfly and freestyle strokes, respectively. However, differences at 15 m seemed to 
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not rely on the underwater parameters but on a tendency for slower velocities when resuming 

surface swimming after emersion in relays (Table 5.2). Previous studies had observed that relay 

swimmers tend to swim faster in the first 50 m of the race (Atkinson, 2017; Smith, 2014), which 

could lead to a greater level of fatigue at the end of the race and, consequently, to a slower 

average velocity on the second 50 m lap. This could explain the observed tendency for lower 

15 m turn times when racing in relays and would highlight the importance of adequately pacing 

100 m relay legs. Indeed, elite swimmers do not seem to obtain a transfer of momentum when 

emerging from underwater to surface swimming in turns according to results in World 

Championships (Veiga & Roig, 2017) unless optimal underwater swimming being performed. 

Therefore, the ability to maintain surface swimming pace after the turn in relays could be an 

important factor for the back-end average velocity.  

This information collected and analysed regarding the starting and turning performances of elite 

swimmers in relay races is of special novelty as, surprisingly, it had not been previously 

reported in competition. However, the study sample correspond to young swimmers (less than 

18 years old) who may not completely optimise their starting and turning behaviour when 

competing relay races. For example, the start and turn underwater distances obtained in the 

present research were shorter than those reported in previous studies with senior swimmers 

(Marinho et al., 2020; Morais et al., 2019; Veiga & Roig, 2016). Therefore, caution should be 

taken when applying the results to more experienced swimmers. Additionally, different race 

contexts in the individual versus relay events may affect data. As previously observed, 

psychological factors related to team chances of success and race position according to rivals 

could influence relay swimmers’ performances (Hüffmeier et al., 2020) compared with 

individual races where all competitors begin at the referee signal. Therefore, further research 

taking into account the starting and turn performances of swimmers in relation to the specific 

race context should be addressed. 
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5.5 Conclusion 

The present study compared the starting and turning parameters of elite swimmers participating 

in the individual and relay events of the same competition (LEN European Junior Swimming 

Championships). Despite faster starts in relays (between 5 – 7 % faster at 15 m) related to 

shorter block times, male swimmers in relays covered less distance underwater whereas 

swimmers in the butterfly and freestyle relay legs performed slower underwater swimming. In 

the turning segment, 15 m times tended to be slower in relays (especially in the butterfly stroke) 

as swimmers performed a slower surface swimming after emersion. However, no specific 

differences in the underwater parameters were observed. These results suggest that specific 

training of the starting and turning segments should be performed under relay conditions to 

optimise pacing and performance in the underwater sections.  
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