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Chapter 7 General Discussion 

The general aim of this thesis is to analyse swimming relay start performances both in empirical 

and competition contexts through the appropriate approaches. To achieve the aims of this 

research, this thesis can be mainly summarised into the five interlinking Chapters from Chapter 

2 to Chapter 6 and separated into following three sections, each section focusing on a different 

aspect of the biomechanical and competition analysis in swimming relay start. 

This Chapter of the thesis summarises and links together the main findings from each section. 

Subsequently, innovative opinions, limitations and future directions of the studies in this thesis 

are discussed in depth. 

7.1 Summary and discussion of main findings 

7.1.1 Section 1 – The kinematic characteristics of relay and individual start 

techniques (Chapter 2 and 3) 

From biomechanical perspective, the kinematic characteristics during each sub-phase among 

different relay start techniques and between individual and relay start techniques were 

determined in this section. Chapter 2 compared a great number kinematic parameters during 

above-water and underwater phases among three common used relay start techniques (Fischer, 

2017; McLean et al., 2000; Takeda et al., 2010) by using the OSB11 starting block. 

Furthermore, the kinematic differences during each phases were compared between individual 

start and relay start (one-step technique), and also, related the above-water parameters to 5 m 

performance for both start techniques. With research on swimming relay starts being scarce 

(Gonjo & Olstad, 2021), the results of this section can be applied to guide the technical 

performances of relay starts for elite-level swimmers. 
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The results in Chapter 2 showed that the differences between three types of common-used relay 

start techniques were mainly reflected in spatiotemporal parameters during the above-water 

phase and in the selected underwater parameters. However, no meaningful differences were 

observed in horizontal take-off velocity and performance times, indicating that differences 

between relay start techniques rely more on the swimmers’ posture than the centre of mass 

linear kinematics. The preparatory movements (steps and arm swing) did not help relay 

swimmers obtain extra velocities at take-off. This contrasts with the previous results in 

volleyball demonstrating greater jumping heights in step-approach jump than standing 

countermovement jump (Hsieh & Christiansen, 2010). 

With differences in the set-up postures and movements of these relay start techniques, one-step 

technique presented a longer preparation time that may help swimmers synchronise better the 

block movements resulting in a shorter change-over time. However, Takeda and co-workers 

(2010) found that swimmers may not achieve the consistent correct foot placement at take-off 

when performing step-start techniques, it could be explained by the preparatory step movements 

on the block. Moreover, in the one-step start, swimmers’ centre of mass was placed 0.1 m 

further back than the other techniques at the initial position, which can also help to explain the 

longer preparation time in this technique. In addition, the separated feet technique presented 

higher positions but closer to the front edge of the block at take-off, which probably resulted in 

a higher entry position in the separated feet start. This result is in line with the previous study 

comparing the individual track start and grab start (Peterson Silveira et al., 2018). The angular 

momentum provided by the rear foot support may help swimmers elevate the lower limbs 

position relative to the trunk and correct the body position at entry (Taladriz et al., 2016). 

After entering the water, relay swimmers spent 83 % – 87 % time during the underwater 

segment, showing in agreement with the previous result in individual start (84 %) (Slawson et 
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al., 2013). Further, the longer underwater time and distance were found in the one-step 

technique, which may be explained by the higher entry position, greater max depth and longer 

max depth distance in the one-step technique, enabling swimmers to reduce the wave drag 

resistance (Tor et al., 2015a; Vennell et al., 2006). The results from Chapter 2 emphasised that 

differences in swimmers’ entry posture could have positive influences on the underwater 

parameters in relay start. Also, Chapter 2 can be used as the key coaching points to guide the 

relay start training of elite swimmers because no previous study has conducted the underwater 

parameters between different relay start techniques using the new OSB11 starting block. 

Although no meaningful differences were observed in the horizontal take-off velocity or 

performance times (5 m, 10 m and 15 m) among the three types of relay start, there is a tendency 

the shorter performance times in the one-step technique. Therefore, in Chapter 3, the kinematic 

parameters were compared between this relay start technique and individual start during each 

start phases. 

In Chapter 3, faster 5 m, 10 m and 15 m times (29.4 %, 10.7 %, and 6.5 %, respectively) were 

detected in relay start compared to individual start. However, no differences were observed in 

the horizontal velocity between two start techniques, indicating the preparatory movements 

(steps and arm swing) on the block did not help swimmers generate extra velocities at take-off 

as previous studies have concluded (Gambrel et al., 1991; McLean et al., 2000). The force might 

be compromised when relay starters adjust their preparatory movements to the incoming 

teammate (Fischer, 2017). Interestingly, when controlling block times, previous studies 

(Atkison, 2018; Smith, 2018) reported no differences in performance time between individual 

and relay starts. On the contrary, in Chapter 3, moderate differences were found in 5 m time 

between two start techniques beyond the block differences. These differences might be 

explained by the differences in the aerial and entry positions (Atkison, 2018) and consequently 
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in the drag forces during the underwater phase (Vennel et al., 2006) between individual and 

relay starts. 

During the aerial phase, unsurprisingly, longer block time and higher initial CM position were 

observed in relay start. The differences depend primarily on the different start regulations 

between individual and relay start techniques. Moreover, relay start technique presented a 

further and lower take-off position which evolved to a longer distance and lower height at entry 

compared to individual start. Possibly, the preparatory movements in relay start allow 

swimmers to move their CM earlier and over a larger distance on the block (Gambrel et al., 

1991; Qiu et al., 2021a). Also, the lower entry height could explain the shorter time to the 

maximum underwater depth in relay start. During the underwater phase, a larger percentage of 

underwater time was found for a relay start, however, there were no differences in underwater 

distance and velocity between two start techniques. Previously, swimming start research have 

concluded that the underwater phase is the most decisive factor in determining the overall start 

performance (Elipot et al., 2009; Thow et al., 2012; Tor et al., 2015b). This suggests that 

swimmers can improve the relay start performance by optimising the underwater section. 

Chapter 3 also aimed to relate the above-water parameters to 5 m start time for both start 

techniques. Previous studies have determined the key parameters to the start performances in 

individual start technique (Fischer & Kibele, 2016; García-Ramos et al., 2015; Peterson Silveira 

et al., 2018; Tor et al., 2015b), however, there is no study examining the key parameters 

affecting the relay start performances. The results showed, in individual start the block time, 

take-off horizontal velocity and entry angle were very largely correlated to 5 m time, which in 

consistent with the previous findings (Fischer & Kibele, 2016; García-Ramos et al., 2015; Tor 

et al., 2015b). Dissimilarly, the CM take-off height and entry distances were largely related to 

5 m relay start time, indicating swimmers’ ability to control the body position at take-off could 
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represent an important factor in performing an excellent aerial phase and 5 m relay start time. 

In addition, the change-over time was largely related to 5 m performance in relay start. 

Probably, the ability to anticipate the change-over timing highlighted the importance of change-

over times in relay starts. 

7.1.2 Section 2 – Comparison of starting and turning performances between 

individual and relay events (Chapter 4 and 5) 

In the past, swimming race studies have well analysed the race segment performances in 

individual events (Mason & Cossor, 2001; Morais et al., 2019; Veiga, Mallo, Navandar, & 

Navarro, 2014), however, no study has analysed the roles of race segments in relay events 

(Gonjo & Olstad, 2021; Qiu, de la Fuente, Lorenzo, & Veiga, 2021). It is necessary to 

investigate whether swimmers present similar performances on race segments in the relays 

compared to their individual races. Therefore, in Section 2, swimmers’ competitive 

performances on the starting and turning segments were compared between individual and relay 

events within the same competition. 

In the starting segment, 6.22 ± 0.14 % faster 15 m performance times were observed in relay 

events, which in line with the previous biomechanical research in comparison of individual and 

relay start techniques (Qiu et al., 2021b). This is probably explained by the different start 

regulations in individual events versus relay events. Also, the difference in start regulations 

enables swimmers to reduce the block times, resulting in benefits for overall start performance 

(Fischer, 2017; Kibele & Fischer, 2018) and race performances (Smith, 2014; Skorski et al., 

2016). Given the great inter-subject variations in flight distance, swimmers body position’s 

control during flight phase seems to be more difficult in relay events than in individual events. 

During the underwater phase, swimmers had worse performances in relays as male swimmers 

travelled shorter underwater distances and swimmers on the butterfly and freestyle strokes 
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travelled slower underwater velocities than the corresponding individual events. Probably, the 

spatial differences at take-off and entry between individual and relay start techniques could 

explain the differences in the subsequent underwater swimming (Qiu et al., 2021b). The 

previous study has found the less effective entry phase showed in relay starts before the specific 

training (Atkinson, 2018), while modifications on the entry width could result in variations on 

underwater trajectory and increase drag forces (Tor, 2017), leading to an earlier emersion 

(Elipot et al., 2009; Tor et al., 2015a). Moreover, a similar underwater performance between 

two events was found in butterfly for female swimmers. This might be explained by the shorter 

flight distance and better body position at entry, which lead to a longer underwater distance 

than their male counterparts. Hence, swimmers should optimise the entry segment in relay 

events to enhance a propulsive dolphin kick after complete water immersion (Tor, Fischer, & 

Kibele, 2018). 

In the turning segment, faster 15 m turn times and velocities were observed in the butterfly and 

freestyle individual races. However, differences in 15 m turn performance appear to associate 

with the slower surface swimming velocities in relays but not the underwater parameters. Elite 

swimmers would not obtain a transfer of momentum when emerging from underwater to surface 

in turning segments unless they can maintain a longer underwater swimming (Veiga & Roig, 

2017). Also, relay swimmers in general swim faster in the first 50 m of the race (Atkinson, 

2017; McGibbon et al., 2019; Smith, 2014), hence, the fatigue generated in the first lap may 

slower swimmers down in the second 50 m lap. Thus, Section 2 highlighted the importance to 

maintain adequately pacing strategies in 100 m relay events. 

Section 2 was the first to compare the race segment performances between individual and relay 

events with the elite-level swimmers. The findings from this section can assist coaches and 

swimmers in more targeted training of the starts and turns to improve the overall race 
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performances. By combining the results from the first two sections, change-over times showed 

being advantageous to the 15 m start performances for relay starts over an individual dive start. 

As the particular determinant of relay race change-over times have been examined in various 

studies (Fischer et al., 2017, 2019; Saavedra et al., 2014; Siders, 2012), but the previous results 

have offered different accounts on the meaning of change-over times for the relay race 

outcomes. Consequently, the impact of change-over times was re-examined using the 

appropriate methods with substantial larger dataset in the next section. 

7.1.3 Section 3 – Understanding the change-over times in swimming relay races 

(Chapter 6) 

As the partial times in each race segment add up to the overall race time, a reduction of change-

over time appears to be equivalent to an improvement in overall relay race outcomes. Previous 

studies (Saavedra et al., 2014; Siders, 2012) found that male medallist had shorter change-over 

times than non-medallists and reducing change-over times within a team can improve the final 

ranking. On the contrary, a recent study (Fischer et al. 2019) questioned previous findings on 

the impact of change-over times on team performance and re-evaluated the longitudinal race 

data using linear mixed models, providing new insights on the meaning of change-over times 

in swimming relay races. In Chapter 6, a substantially larger scale dataset 4 × 100 m freestyle 

relays from World Championships and Olympic Games over the past 20 years (2000 – 2019) 

was used to confirm existing knowledge on change-over times in swimming relay races by this 

study (Fischer et al., 2019). 

The outcomes of Chapter 6 confirm the findings by Fischer et al. (2019), showing that the 

impact of change-over times for the overall race outcomes seem to be overrated in previous 

studies (Saavedra et al., 2014; Siders, 2010). In relay races, medallists performed substantially 

longer change-over times than non-medallists regardless of the gender, indicating medallists 
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would maintain their ranking advantage in order to avoid a false start. The results of Chapter 6 

also confirmed that male swimmers performed shorter change-over times than female 

swimmers (Fischer et al., 2019; Saavedra et al., 2014; Siders, 2010). However, interestingly, 

the change-over strategies seem to be differed between genders such that male non-medallists 

and female medallists adopted more aggressive change-over strategies in their races. Regarding 

the current race ranking, for female swimmers, shorter change-over times were found in ranking 

6 and 7 and the low medal chance group. According to prospect theory (Kahneman & Tversky, 

1979), this indicates an inclination for relay swimmers with low team rankings at change-over 

to shorten their change-over times and adopt a risk-taking change-over behaviour avoiding a 

defeat in the relay races, but no such differences were found for male swimmers. Similarly, in 

professional basketball games, Berger and Pope (2011) conducted that the teams which being 

slight behind in points at the halftime may be more motivated to win the game. 

Chapter 6 also adds new insights to risk-taking change-over behaviour in swimming relay races. 

Very short change-over times (≤ 0.1 s) were assumed and analysed as a risk-taking change-over 

strategy. The results showed that a risk-taking change-over strategy was more likely to be 

adopted by male swimmers and non-medallists, but no association was found between a risk-

taking change-over strategy and the current race ranking for both genders. This substantiates 

previous findings showing men are more likely to engage risky behaviours than women (Byrnes 

et al., 1999; Harris & Jenkins, 2006). Compared to swimmers currently in the range of winning 

a medal (i.e. current rankings 1 to 4), relay swimmers who ranked on 6 or 7 showed a clearly 

higher likelihood for a risk-taking change-over strategy in order to compensate for a possible 

team loss. This finding contradicts the idea of diminishing sensitivity from prospect theory 

(Kahneman & Tversky, 1979; Tversky & Kahneman, 1992) which might be related to an 

unknown diversity of motivational patterns and swimmer arrangement strategies in relay races 

(Kibele & Fischer, 2018; Fischer et al., 2019). 
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Moreover, in Chapter 6, change-over times did not show differences in the overall performance 

times and this finding refutes the previous results by Saavedra et al. (2014) claiming a 

correspondence between change-over times and final race outcomes. This further confirmed 

that the impact of change-over times for the race results might be overestimated in the previous 

results, and the shorter change-over times may not present the true benefits for relay start 

performances (Fischer et al., 2016). Notably, the fastest change-over times were observed in 

the slowest swim times group for female swimmers. Their change-over times were 

approximately 0.03 s shorter than in the fastest swim time group and 0.02 s shorter than in the 

medium swim time group. A possible explanation is that the swimmers with slower swim times 

aim to counterbalance this disadvantage by faster change-over times. 

7.2 Novel perspectives 

The innovative opinions of the thesis can be conducted in each section.  

This thesis was the first to compare a great number of parameters during the underwater phase 

among different relay start techniques as well as between individual and relay start techniques 

(Chapter 2 and 3). The underwater phase has been shown to be the most decisive in determining 

overall start performance (Tor et al., 2015b). Atkinson (2018) previously investigated the 

underwater phase of relay starts, however, very little parameters have been conducted in this 

phase. Therefore, the results from Section 1 provide more detailed information to coaches and 

sport scientists to comprehend the kinematic characteristics while underwater in relay starts. 

Also, this thesis firstly related the kinematic relay start parameters to 5m start times. 

Researchers have previously identified the key parameters for the overall start performances in 

individual kick start (Fischer & Kibele, 2016; Peterson Silveira et al., 2018; Tor et al., 2014, 

2015b). But there was no available information if the kinematic parameters related to the 

performance times in relay starts differing from individual starts. 
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Secondly, this thesis is the first research to compare different relay start techniques performed 

with the new OMEGA OSB11 block. Following the introduction of the new OSB11 block to 

international competitions, multiple studies concluded that the new OSB11 block with 

adjustable rear foot support might provide further advantages for swimmers (Barlow et al., 2014; 

Biel et al., 2010; Honda et al., 2010; Takeda et al., 2012). However, previous studies have not 

been conducted with the new starting block in relay starts (Gambrel et al., 1991; McLean et al., 

2000; Takeda et al., 2010). The backplate of the OSB11 block allows for different options in a 

relay step start procedure where new relay start techniques have been evolved. The practical 

implications of this thesis would allow coaches and sports scientists to provide specific training 

cues surrounding how to optimise relay start techniques with the new OSB11 block. 

Thirdly, race analysis has been rarely conducted for swimming relay events (Gonjo & Olstad, 

2021), and yet, no previous study has analysed the role of the start or turn segments in 

competitive relay events. In Section 2, we first investigated the starting and turning segments 

performances of elite swimmers in the individual and relay races of the same competition 

(Chapter 4 and 5). These two race segments are crucial for good race performances as swimmers 

travel with the fastest velocity during starting and turning sections (Veiga, Cala, G. Frutos, & 

Navarro, 2014; Welcher, Hinrichs, & George, 2008), and Morais et al. (2019) reported the total 

contribution of starting and turning accounted for almost a third of 100 m race time. This thesis 

provides novel perspectives to optimise swimmers’ segment performance in relay events 

compared with their individual events’ performances. 

Last but not least, in Section 3, a substantially large-scale dataset of relay race data over the 

past 20 years (2000 – 2019) was collected to analyse the meaning of relay change-over times 

using the appropriate statistical methods (linear mixed models, LMM; Generalised linear mixed 

model, GLMM) (Chapter 6). As a result, this thesis made a comprehensive explanation of 
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swimmers’ change-over behaviours during races by considering the multiple appearances of 

relay swimmers in race analyses across several years. The similar approach can be adopted to 

further evaluate the evolution of change-over times across an extended period. 

7.3 Limitations 

The limitations related to the studies can be summarised into the following two aspects: 

The first limitation of this thesis is that kinetic parameters have not been compared among 

different relay start techniques and between individual and relay start techniques due to the lack 

of force measurement devices on the block. Previous findings have shown that the total 

horizontal impulse is one of the determinant factors for swimming start performances (Peterson 

Silveira et al., 2018), the preparatory movements in relay starts would generate higher take-off 

velocities (Gambrel et al., 1991; McLean et al., 2000) and horizontal forces (Takeda et al., 

2010). Analysis of kinetic parameters can help understand differences between various relay 

start techniques as well as individual and relay starts. 

Another limitation of this thesis is that the race data in Section 2 was collected from junior 

swimming championships. In race races, junior swimmers may not optimise their performances 

in the staring and turning segments. In Chapter 5, shorter start and turn underwater distances 

were observed than the previous results with senior swimmers (Marinho et al., 2020; Morais et 

al., 2019; Veiga & Roig, 2016). Hence, the results from this thesis should be applying carefully 

to senior swimmers. 

7.4 Future directions 

Directions for further directions in biomechanical and race analysis of swimming relay start can 

be seen in several aspects: 
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Future studies analysing the kinetic characteristics of relay start techniques, and not just the 

kinematic parameters, will be critical for coaches and swimmers to understand better how the 

relay starts should be performed in races. Additionally, the whole-body angular momentum 

during flight should also examine to understand the differences in the relay starts techniques. 

Since the new OSB11 starting block was introduced to international competitions, the new start 

techniques have evolved both in individual start (i.e. kick-start) and relay start (i.e. step-over 

technique) based on the construction characteristics of the OSB11. Studies are needed to further 

explore the advantages provided by the OSB11 block for the relay start performances.  

Additional studies are also needed to further reflect on and analyse the psychological influences 

on relay starts, including questionnaires.  
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Chapter 8 Overall Conclusion 

8.1 Overall conclusion 

The general aim of this thesis is to analyse swimming relay start performances both in empirical 

and competition contexts through the appropriate approaches. To achieve the aim of this thesis, 

numerous kinematic parameters were examined in different relay start techniques as well as in 

individual start during each start subphase, relating the kinematic variables of the above-water 

phase to the 5 m start performance for both techniques. The starting and turning performances 

were also investigated between the individual and relay events in elite swimmers within the 

same competition. Finally, longitudinal race data of change-over times was analysed by 

considering the competition results, current race position, medal chance, team assigned 

position. Combining the key findings from this thesis, theoretical recommendations and overall 

conclusions were established as follows: 

The differences among various relay start techniques (no step with parallel feet and separated 

feet starts, one-step start) were mainly observed in spatiotemporal parameters during the above-

water start phase and in selected underwater parameters, not in take-off horizontal velocities or 

performance times. However, there is a tendency towards a better relay start performance with 

the one-step start technique. Similarly, no difference was detected in the horizontal velocity 

during take-off between individual and relay starts, while competitive swimmers presented 

faster 5m, 10m and 15m times on relay than on individual starts. The differences in the block 

or change-over times and the swimmers’ body posture could explain the observed differences. 

Moreover, differences in the key parameters related to 5 m performance between individual and 

relay start techniques regarding the different swim start regulations. Hence, coaches and 

swimmers should consider the body postures during the aerial phase when addressing the 

improvement in relay starts. 
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Swimmers performed an average 5 – 7 % faster starting segment in relay events in all strokes 

(butterfly, breaststroke and freestyle) relating to the shorter times on the block. Male swimmers 

travelled the shorter underwater distance in relay events, while in butterfly and freestyle relays 

swimmers performed slower underwater swimming compared to the corresponding individual 

events. In addition, 15 m turning times tended to be slower in relay events (especially in 

butterfly stroke) that might be related to the slower turn swim phase after emersion. Coaches 

should add specific training in starting and turning of relay conditions to optimise pacing and 

performance on the underwater sections. 

Longer change-over times was exhibited in medallist than non-medallists in relay races, 

confirmed the results by Fischer et al. (2019) in demonstrating the meaning of change-over 

times to the relay race outcomes might be overrated. Furthermore, risk-taking change-over 

behaviour seems to be more likely performed by male swimmers and non-medallists, but no 

relationship was found between the risk-taking change-over behaviour and the current race 

ranking for both genders. Relay swimmers are advised not only to reduce the change-over times, 

but also to take into consideration the force production, relay start techniques, and 

psychological resources.  
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