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Chapter 6 Understanding Change-over Times in Swimming 

Relay Races – an extension of previous studies including an 

analysis of risk-taking behaviour 

6.1 Introduction 

According to FINA rules, in relay events, the team of a swimmer whose feet lose touch with 

the starting platform before the preceding team-mate touches the wall shall be disqualified. As 

time delays between the wall contact of the preceding swimmer and the relay swimmer’s take-

off from the block contribute to the overall team race performance relay swimmers may wish 

to minimise their change-over times. 

In the past, relay studies primarily examined performance gains during the swimming phase as 

compared to an individual race during the same championship (Hüffmeier & Hertel, 2011; 

Hüffmeier, Krumm, Kanthak, & Hertel, 2012; Osborne, Irwin, Skogsberg, & Feltz, 2012; 

Hüffmeier, Schleu, & Nohe, 2020), differences in pacing strategies between 200 m freestyle 

relay and individual race (McGibbon, Shephard, Osborne, Thompson, & Pyne, 2019), and 

change-over times (Fischer, Braun, & Kibele, 2019; Qiu, Veiga, Calvo, Kibele, & Navarro, 

2020; Saavedra et al., 2014; Siders, 2010). For the latter, Saavedra et al. (2014) and Siders et 

al. (2010; 2012) detected correspondences between change-over times and team overall 

performance. Conversely, in a recent study, Fischer, Braun, and Kibele (2019) questioned 

previous findings on the impact of change-over times on team performance pointing out that at 

least four possible issues were left open in previous research of relay swimming in this respect. 

Firstly, shorter change-over times may not represent the true benefit of the change-over 

behaviour as a powerful take-off would rather serve the relay start performance (Fischer et al., 

2017). Secondly, a bias in race data had evolved by including swimmers’ multiple appearances 
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in relay events over years (Garcia-Hermoso et al., 2013; Saavedra, Escalante, Garcia-Hermoso, 

Arellano, & Navarro, 2012; Saavedra et al., 2014; Skorski et al., 2016). Thirdly, psychological 

influences as motivational gains and/or indispensability effects (Hüffmeier & Hertel, 2011; 

Hüffmeier et al., 2012) remained unconsidered which may have increased swimmers’ efforts 

on the block, during change-over, and during swimming. Last not least, most of the previous 

studies on relay starts did not consider a possible influence of changing from the old OSB9 to 

the new OSB11 starting block.  

Fischer et al. (2019) applied linear mixed models (LMM), a more flexible tool for the analysis 

of longitudinal data in hierarchical study designs (West, 2009), to evaluate the impact of 

change-over times. Although new insights on the meaning of change-over times in swimming 

relay races were provided, their challenging findings have not been confirmed yet. Moreover, 

influences on the change-over times through differences in the sequential relay team positions 

or medal winning chances at the moment of the change-over were so far left unconsidered. For 

the latter, Fischer et al. (2019) pointed out that male medallists show substantially longer 

change-over times than non-medallists. Such behaviour could be explained through the prospect 

theory (Kahneman & Tversky, 1979) referring to a possible concern or aversion on the relay 

swimmers side towards loosing the race through a false relay start. Prospect theory is considered 

a descriptive theory explaining individual’s decision making while taking risks (Kahneman & 

Tversky, 1979; Tversky & Kahneman, 1992), involving three key tenets: 1) reference point for 

people while classifying outcomes as gains or losses relative to a certain standard; 2) loss 

aversion as a tendency to value a loss of something that we own already is experienced as more 

dramatic than winning the same thing through risk-taking behaviour; 3) diminishing sensitivity 

refers to the value of outcomes to be smaller as they move further away from the reference point. 

Effects of a possible loss aversion have been discussed in sports research already, e.g. for soccer 

games (Riedl, Heuer, & Strauss, 2015), in professional golf (Elmore & Urbaczewski, 2021; 
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Pope & Schweitzer, 2011), and for basketball games (Berger & Pope, 2011), etc. In a sport 

context, prospect theory refers to a stronger need to avoid a defeat than to achieve a win (Raab, 

2020), especially when it increases the likelihood for success (Berger & Pope, 2011). For 

example, in professional basketball, being slightly behind in points at halftime point increases 

motivation and winning chances according to Berger and Pope (2011). Riedl et al. (2015) have 

demonstrated that 18 % more matches ended as draws than expected in soccer games even 

though there was an incentive for winning.  

However, so far, prospect theory has not been used to explain the change-over behaviour 

observed in relay swimming although properly applicable to such events. It remains unclear 

whether relay swimmers would adopt a risk-taking change-over behaviour to avoid losing when 

they are behind their reference point. For example, relay swimmers ranked fourth at their 

change-over point in time and are, therefore, close to a reference point (e.g. a medal position) 

may be more likely to adopt a risk-taking change-over behaviour than swimmers whose relay 

team is ranked first. According to prospect theory, people will work harder when their present 

position is slightly behind a reference point than others who are much further behind or much 

further ahead according to diminishing sensitivity. Thus, it appears useful to investigate whether 

swimmers’ change-over behaviour would be affected by the current race ranking of their relay 

team. 

Altogether, the present study aimed: 1) to confirm resp. further extend existing knowledge on 

change-over times in swimming relay races (Fischer et al., 2019) with a larger scale dataset 

over the past 20 years (2000-2019); and 2) to analyse the impact of a risk-taking change-over 

behaviour related to the current race rankings. 

6.2 Methods 
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6.2.1 Participants 

In the present study, race data from athletes competing in 4 × 100 m freestyle final races of the 

World Championships and Olympic Games across the past 20 years (World Championships: 

2001, 2003, 2005, 2007, 2009, 2011, 2013, 2015, 2017, 2019; Olympic Games: 2000, 2004, 

2008, 2012, 2016) were analysed. A total of 960 swimmers (15 relay races × 8 final teams × 4 

relay legs × 2 genders) were included in the database. While the first swimmers of a relay team 

are performing block starts similar to the individual event without a preceding change-over, 

only the data of the second, third and fourth swimmers were retained and analysed. The data 

from disqualified relay teams were excluded from the statistical analysis. Eventually, a total 

number of 698 swimmers (344 males and 354 females) remained in the statistical model 

analysis including 23.31 % of swimmers having participated in more than three races (22.53 % 

in male and 23.94 % in female), 10.30 % of swimmers in more than four races (10.44 % in male 

and 10.11 % in female), and 5.95 % of swimmers in more than five races (7.69 % in male and 

4.26 % in female). 

6.2.2 Procedure and variables 

Similar analysis procedures and variables were applied to the current study as compared to 

Fischer et al. (2019). All variables were collected via the open access websites 

(https://www.swimrankings.net, http://www.omegatiming.com, and https://www.fina.org) 

including the change-over times, assigned positions within the relay team, current race rankings 

(at change-over), and individual swim times of each swimmer (second to fourth position). Also, 

the following variables were established to identify the characteristics of change-over times 

based on different categories: final success in competition (medallists vs non-medallists), medal 

chance (high chance vs low chance was based on swimmers’ change-over ranking; for 

convenience and to keep groups equally distributed ranks 1 to 4 were considered as high medal 
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chance and rank 5 to 8 were considered as low medal chance), individual swim times groups 

(Group 1 vs Group 2 vs Group 3 based on swimmers’ individual swim times; the 33 % fastest 

swim times were assigned as Group 1, the 33 % intermediate swim times were assigned as 

Group 2 and the 33 % slowest swim times were assigned as Group 3) (Fischer et al., 2019). All 

procedures were conducted according to the Helsinki Declaration (WMA, Oct. 2013). 

6.2.3 Statistical analyses 

In close correspondence with the previous study by Fischer et al. (2019), LMM for repeated 

measures (Verbeke & Lesaffre, 1997; Verbeke & Molenberghs, 2009) was applied to examine 

the effects of change-over times with a substantially larger dataset. The covariance structure of 

the residuals was modelled by the Toeplitz structure (Kincaid, 2005; Littell, Pendergast, & 

Natarajan, 2000; Marin & Dhorne, 2002). To analyse the differences of change-over times 

among various categories, change-over times were chosen as dependent variables while the 

gender (male and female), final success in competition (medallists and non-medallists), team 

assigned positions (second to fourth), current race ranking (8 possible rankings at change-over), 

and medal chances (high chance and low chance) were considered as fixed effects. To detect 

an association between change-over times and the final performance times of the teams, male 

and female swimmers each were divided into three groups according to their individual swim 

times while assigning the change-over times as the fixed effects (Fischer et al., 2019). 

Moreover, Bonferroni’s correction was applied to verify the localised differences (Bland & 

Altman, 1995). Effect sizes were calculated using Cohen’s d (1988) to examine the meaning of 

differences classified as trivial (< 0.2), small (> 0.2 – 0.6), moderate (> 0.6 – 1.2), or large (> 

1.2 – 2.0) (Batterham & Hopkins, 2006).  

Generalised linear mixed models (GLMM) were used to examine the risk-taking change-over 

behaviour in the examined relay races across the past 20 years. Very short change-over times 
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(≤ 0.1 s) were assumed to represent a risk-taking change-over strategy; hence, a dummy variable 

of whether to adopt a risk-taking change-over strategy (yes = 1 and no = 0) was established as 

the dependent variable. Gender and success in competition were defined as fixed effects to 

analyse the risk-taking change-over strategy for the entire sample. A fixed effect was defined 

by current race ranking to analyse the risk-taking change-over strategy for male and female 

swimmers, respectively. Odds ratios (OR) were used to provide a standardised measure on the 

influence of the fixed factors included in the model over the observational period. 

All statistical analyses were conducted using SPSS (version 25.0, IBM) with p < .05 set as the 

significance level. Data visualisations were plotted using the ‘ggplot2’ package accessed via 

the Deducer Interface for R version 3.6.3. 

6.3 Results 

6.3.1 Differences in change-over time between gender and success in competition 

From the LMM result, there was a substantial difference in change-over times between male 

(0.21 ± 0.11 s) and female (0.25 ± 0.11 s) swimmers (Figure 6.1(a)). The male swimmers took 

off from the block significantly faster compared to their female counterparts while the 

corresponding effect size was classified as small, F(1, 288.15) = 17.37, p < .001, ES = 0.36. 

Related to the entire sample, a small difference was observed in change-over times between 

medallist and non-medallists. The results show that medallists (0.24 ± 0.10 s) performed 

change-overs more carefully than non-medallists (0.22 ± 0.10 s), F(1, 570.29) = 4.46, p = .04, 

ES = 0.20, (Figure 6.1(b)). However, no significant difference in change-over times was found 

between male medallists (0.22 ± 0.12 s) and male non-medallists (0.20 ± 0.12 s), or between 

the female medallists (0.23 ± 0.10 s) and female non-medallists (0.25 ± 0.10 s).
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Figure 6.1 Mean change-over times (± SD) differences between gender (a), success in competition (b), and current race ranking (c) accounting for the multiple appearances of swimmers 

in relay races. 
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6.3.2 Differences in change-over time depending on current race rankings at 

change-over 

The differences in the change-over times were analysed between the 8 possible rankings for 

male and female swimmers, respectively. No statistical differences in change-over times were 

observed for the male relay competitors (F(7, 164.85) = 0.79, p = .60) regarding their race 

rankings at change-over. However, a highly significant F-value was found for the female 

sample (F(7, 94.86) = 4.07, p = .001) (Figure 6.1(c)). For female relay swimmers, no change-

over time differences were detected in the relay teams with current rankings 1 to 3. However, 

clearly shorter change-over times were observed in female swimmers in relay teams ranked 6 

and 7. For example, female swimmers changing over at the current ranking 6 (0.22 ± 0.10 s) 

showed significantly shorter change-over times compared to the swimmers currently ranked 1 

(ES = 0.74). Moreover, the change-over times of the ranking 7 (0.19 ± 0.09 s) were significantly 

shorter than each of the swimmers ranked 1 to 3 respectively (ES = 0.78 to 1.11).  

6.3.3 Differences in change-over time between team assigned positions and 

between medal chances 

Substantial change-over time differences between the relay team positions across both genders 

were not observed (Figure 6.2(a)). However, independent of the gender, significantly shorter 

change-over times were found in the low medal chance group (0.21 ± 0.11 s) as compared to 

the high medal chance group (0.24 ± 0.11 s), F(1, 492.88) = 9.71, p = .002, ES = 0.27, (Figure 

6.2(b)). Noteworthy, those differences were predominantly found for the female swimmers 

adopting a more risk-taking change-over strategy when the chances of winning a medal were 

low, F(1, 187.64) = 5.20, p = .02, ES = 0.31. In contrast, change-over time differences between 

the high and the low medal chance groups in the male swimmers slightly missed the level of 

significance, F(1, 228.07) = 3.40, p = .07, ES = 0.18.
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Figure 6.2 Mean change-over times (± SD) differences between team assigned position (a) and medal chance (b) accounting for the multiple appearances of swimmers in relay races. 
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6.3.4 Differences in change-over time between team assigned positions and 

between medal chances 

In an approach to assess the corresponding effects of change-over times and individual swim 

times for the overall male and female sample for the medallist groups, swimmers’ individual 

swim times were subdivided into three groups. The model results show, except for the overall 

female sample, that there was no statistical significant correlation between the change-over 

times and individual swim times classified by gender and by success in competition although 

individual swim times were found significantly different (Table 6.1). Noteworthy, the pairwise 

comparison showed that the slowest group (Group 3) spent shorter times at change-over than 

the fastest group (Group 1) for female swimmers, F(2, 202.35) = 4.42, p = .01, ES = 0.32. 

6.3.5 Differences in change-over time between team assigned positions and 

between medal chances 

Very short change-over times (≤ 0.1 s) were assigned as a criterion to examine a risk-taking 

change-over strategy to be analysed in correspondence to the team rankings at change-over. 

The results show that male swimmers were more prone for a risk-taking change-over strategy 

as compared to females (p < .001, OR = 2.50). Moreover, a higher likelihood of a risk-taking 

change-over strategy was found in non-medallists than medallists (p = .003, OR = 0.44). 

However, no relationship between risk-taking change-over behaviour and swimmers’ current 

team ranking at change-over was found for both genders. 

Descriptively, a total number of 90 swimmers (accounting for approximately 13 % in the entire 

sample), including 30 female and 60 male swimmers were assigned to a risk-taking change-

over strategy during their races. Such strategy was more often found for the current team 

rankings 5 to 8 (low medal chance) swimmers than in high medal chance swimmers (rankings 
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Table 6.1 Descriptive results for change-over time and individual swim time divided by gender and group. 

  Group 1 Group 2 Group 3  
    Mean SD Mean SD Mean SD p 

Male         
All COT (s) 0.22 0.11 0.20 0.11 0.21 0.10 0.324 

 IST (s) 47.23 0.40 48.06 0.38 49.06 0.38 ＜0.001*** 

Medallists COT (s) 0.22 0.10 0.23 0.10 0.19 0.09 0.281 

 IST (s) 47.12 0.34 48.05 0.33 48.91 0.32 ＜0.001*** 

Non-medallists COT (s) 0.22 0.10 0.19 0.10 0.21 0.11 0.206 

 IST (s) 47.43 0.38 48.08 0.40 49.10 0.39 ＜0.001*** 

Female         
All COT (s) 0.26 0.09 0.25 0.10 0.23 0.10 0.013* 

 IST (s) 52.90 0.53 54.05 0.49 55.12 0.50 ＜0.001*** 

Medallists COT (s) 0.27 0.09 0.25 0.09 0.21 0.09 0.060 

 IST (s) 52.80 0.51 53.96 0.47 54.84 0.47 ＜0.001*** 

Non-medallists COT (s) 0.25 0.10 0.24 0.10 0.23 0.10 0.390 

  IST (s) 53.00 0.48 54.10 0.48 55.17 0.49 ＜0.001*** 

Note: COT = change-over time; IST = individual swim time; * p ＜0.05; ** p ＜0.01; *** p ＜0.001. Group 1: the 33 % fastest swim times; 

Group 2: the 33 % intermediate swim times; Group 3: the 33 % slowest swim times. 
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Figure 6.3 Distribution of risk-taking change-over behaviour in eight rankings at change-over. 
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1 to 4) for both genders, accounting for 59 % in males and 67 % in females with a risk-taking 

strategy. Noteworthy, swimmers who placed at the ranking 6 were most likely to change over 

faster for both genders (ranking 7 as well for females) (Figure 6.3). 

6.4 Discussion 

It was the aim of the present study to confirm resp. further extend existing knowledge on 

change-over times in swimming relay races with a substantially larger scale dataset across the 

past 20 years (2000-2019) and to additionally analyse the impact of gender and current race 

ranking of relay starters on the change-over times. 

In the past years, a debate had evolved about the meaning of change-over times in relay 

swimming (Saavedra et al., 2014; Siders, 2010; Kibele & Fischer, 2018; Fischer et al. 2019). 

Methodological concerns were issued (Fischer et al., 2019) that multiple appearances of relay 

swimmers in race analyses across several years may have biased previous results (Saavedra et 

al., 2012; Skorski et al., 2016). Therefore, it was important to reanalyse existing issues to 

confirm or reject either scientific standpoint. 

Our results confirm previous findings (Fischer et al., 2019) in demonstrating that medallists 

exhibit significantly longer change-over times than non-medallists while excluding a possible 

bias of multiple appearances of relay swimmers across a given time period for analysis. 

Depending on the current race ranking, shortest change-over times were detected in female 

swimmers whose relay teams were currently ranked 6 and 7, but there was no such difference 

for male competitors. Our findings confirm that the influence of change-over times to the team 

outcomes seem to be overrated by previous studies (Saavedra et al., 2014; Siders, 2010). In 

addition, males and non-medallists seem to be more likely to exhibit a risk-taking behaviour at 

change-over but no association was found between a risk-taking change-over strategy and 
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current race ranking for both genders. 

Similar to the previous studies (Fischer et al., 2019; Saavedra et al., 2014; Siders, 2010), our 

findings confirmed that male swimmers exhibit significantly shorter change-over times than 

females. In fact, the effect size for the change-over time difference was similar to the previous 

study by Fischer et al. (2019). Adding to the overall differences in change-over times between 

medallists and non-medallists, Fischer et al. (2019) reported significantly longer change-over 

times for male medallists than non-medallists contradicting previous studies (Saavedra et al., 

2014; Siders, 2010). In the present study, longer change-over times were found for medallists 

compared to the entire sample indicating that a more conservative change-over behaviour was 

adopted by medallists regardless of the gender contradicting previous studies (Saavedra et al., 

2014; Siders, 2010) as well. This effect may be explained by possible tendency of medallist 

swimmers to maintain their ranking advantage while avoiding a risk-taking change-over 

behaviour. Notably, change-over strategies appear to differ between males and females such 

that male non-medallists and female medallists appear to having adopted a risk-taking change-

over behaviour in their races. 

The detected difference in change-over times between male and female swimmers was related 

to their current race rankings as well. Female swimmers on medal positions (1st to 3rd) 

performed their change-over more safely to avoid a false start (Fischer et al., 2019), whereas 

female competitors who ranked in 6th and 7th aimed to minimise their change-over times in 

order to improve team performance which may have possibly evolved to a false start (Figure 

6.3). This finding contradicts previous studies showing that a reduction in change-over time 

would increase the winning chances of a relay team (Maglischo, 2003; Saavedra et al., 2014; 

Siders, 2010). 

Unlike swim times, overall no significant differences in change-over times were found between 
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the team assigned positions. However, shorter change-over times were observed in the female 

low medal chance group indicating an inclination for relay swimmers with low team rankings 

at change-over to shorten change-over times and adopting a risk-taking change-over behaviour 

to avoid a defeat in the relay race according to prospect theory (Kahneman & Tversky, 1979), 

but there was no difference for male swimmers. Similar observations were made in professional 

basketball games as teams being slight behind in points at halftime would increase effort and 

winning percentage (Berger & Pope, 2011). 

Our study provides new insights to risk-taking change-over behaviour in swimming relay races. 

The results demonstrate that a risk-taking change-over strategy was more likely to be adopted 

by male swimmers and non-medallists. In support for this finding, a meta-analysis about gender 

differences in risk perception (Byrnes, Miller, & Schafer, 1999) had concluded that males are 

more likely to take risks than females. In fact, men were found to engage in risk-taking 

behaviour rather than women in several domains (gambling, health, and recreation) (Harris & 

Jenkins, 2006). Furthermore, loss aversion as hypothesised by the prospect theory (Kahneman 

& Tversky, 1979) may provide a good explanation for our findings as the change-over times of 

non-medallists with less rankings to lose were substantially smaller as compared to medallists. 

This interpretation of our results corresponds with previous findings showing that elite athletes 

may behave according to their loss aversion in respect to their teams on the winning or losing 

side of a competitions (Berger & Pope, 2011; Riedl et al., 2015). 

Although there is a lack of meaningful differences between race rankings, equally for both 

genders, the proportion of the risk-taking change-over behaviour was found highest in the 

current rank 7 (18 %) for males and rank 6 and 7 (20 %, respectively) for females, whereas only 

27 % and 23 % across the three rankings 1 – 3 for male and female swimmers, respectively. 

Compared to swimmers currently in the range of winning a medal (i.e. current rankings 1 to 4), 
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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) claiming an impact of decision outcomes be smaller when moving further 

off from the reference point. This phenomenon might be related to an unknown diversity of 

motivational patterns and swimmer arrangement strategies in relay races. For example, during 

the 2013 World Championships, the French male swimming team won a gold medal in the 4 × 

100 m freestyle relay with race rankings continuously improving during the race from the first 

to last change-over (1st to 2nd: ranking 7; 2nd to 3rd: ranking 4; 3rd to 4th: ranking 4; final: 

ranking 1). 

Saavedra et al. (2014) have claimed a correspondence between relay change-over times and the 

overall race outcomes. Shorter change-over times would lead to better team results. In numbers, 

top-level athletes could increase their medal chances during races by making an improvement 

of 1 to 1.4 % (Pyne, Trewin, & Hopkins, 2004). However, the average proportion of change-

over time in regard to the individual swim time only accounts for 0.40 % – 0.42 % in 4 × 100 

m freestyle relays (for the second to the fourth relay swimmer) (Fischer et al., 2019). Moreover, 

minimising relay change-over time is not the only way to improve the medal chances. In this 

respect, Fischer et al. (2017) showed that improving the horizontal take-off force is more 

effective for the relay start than reducing change-over times. Last not least, strategic factors in 

the orderly arrangement of the relay team members, relay start movement techniques, and 

avoiding false change-overs may contribute to a successful relay race as well (Fischer et al., 

2017; Kibele & Fischer, 2018). 

To further investigate the association between change-over times and swim performance times, 

the present study used the same LMM set up as previously proposed by Fischer et al. (2019). 
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However, a substantially larger data set was used in our study. Consistent with previous results 

(Fischer et al., 2019), no significant impacts were found for the change-over times on the overall 

performance time of a relay team except for female swimmers. Noteworthy, for the female 

swimmers, the fastest change-over times were found in the slowest swim times category (group 

3). Their change-over times were approximately 0.03 s shorter than in Group 1 (faster swim 

time category) and 0.02 s shorter than in Group 2. A possible explanation is that the swimmers 

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

6.5  Conclusion 

Previous results of Fischer et al. (2019) on the meaning of change-over times including 

objections against earlier studies (Saavedra et al., 2014; Sider, 2010) were confirmed in our 

study using a substantially larger data set. Medal winning relay teams exhibit significantly 

longer change-over times than non-medallists. Previously positive impacts of change-over 

times to the team outcomes seem to be overrated (Saavedra et al., 2014; Siders, 2010). Male 

swimmers and non-medallists in general seem to be more likely to exhibit a risk-taking 

behaviour at change-over. However, no association was found between a risk-taking change-

over strategy and current race ranking for both genders. As a consequence, it is recommended 

that relay swimmers should not only focus on the improvement of change-over times but also 

take into account other influential factors, for example, the force production at change-over, 

relay start techniques as well as the psychological resources (i.e. loss aversion).  Moreover, 

studies are needed to further reflect on and analyse the psychological influences on relay starts 

including questionnaires. 
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