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Abstract 
The aim of the present study was two-fold: (i) to analyze the pro-
gression and variability of swimming performance (from entry 
times to best performances) in the 50, 100, and 200 m at the most 
recent FINA World Championships and (ii) to compare the per-
formance of the Top16, semifinalists, and finalists between all 
rounds. Swimmers who qualified with the FINA A and B stand-
ards for the Budapest 2022 World Championships were consid-
ered. A total of 1102 individual performances swimmers were an-
alyzed in freestyle, backstroke, breaststroke, and butterfly events. 
The data was retrieved from the official open-access websites of 
OMEGA and FINA. Wilcoxon test was used to compare swim-
mers’ entry times and best performances. Repeated measures 
ANOVA followed by the Bonferroni post-hoc test were per-
formed to analyze the round-to-round progression. The percent-
age of improvement and variation in the swimmers’ performance 
was computed between rounds. A negative progression (entry 
times better than best performance) and a high variability (> 
0.69%) were found for most events. The finalists showed a posi-
tive progression with a greater improvement (~1%) from the heats 
to the semifinals. However, the performance progression re-
mained unchanged between the semifinals and finals. The varia-
bility tended to decrease between rounds making each round more 
homogeneous. Coaches and swimmers can use these indicators to 
prepare a race strategy between rounds. 
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Introduction 
 
Participation in a World Championship is one of the most 
important achievements in an athlete’s career. While for 
some it means a moment of experience and enjoyment at 
the event, for others it can be an opportunity to improve 
their personal record or to increase their curriculum with 
presence in the finals and even winning medals. The 2022 
FINA World Aquatics Championships held in Budapest 
brought together more than 2000 participants from 180 
countries. To qualify for such a demanding competition, 
swimmers usually cover a wide spectrum of competitions 
within a year (Born et al., 2020). Most training plans are 
designed to excel in a single competition or a group of 
competitions (Mujika et al., 2002). This means that some 
swimmers only need one attempt to swim within or below 
the qualifying times, while others require a greater number 
of attempts. Due to the greater effort in chasing qualifica-
tion, several swimmers end up struggling more than others 
to progress in the major event (Pyne et al., 2004). 

Progression and variability of swimming perfor-
mance to and within the major competitions have been top-
ics of interest and debate over the years, with a ~1% per-
formance improvement within the year being necessary to 
be part of a major event (Pyne et al., 2004). It is also un-
derstandable that, within the major event, each swimmer 
needs to show fairly improvements from the heats to the 
semifinals and then to the finals. In the last 2021 European 
Swimming Championships, the 100 and 200 m competitors 
were able to improve their performance from round to 
round (Cuenca-Fernandez et al., 2021), a common and ex-
pected trend for most swimmers. However, some of the 
fastest swimmers do not perform at their best in the first 
rounds of the event mainly to spare energy (Mohamed et 
al., 2021), which can lead to different performance profiles 
based on the swimmers’ rank.  

In World-Class swimming competitions, most of 
these performance progressions are analyzed between 
rounds, ruling out entry times. Entry times are currently 
one of the most important indicators that coaches and 
swimmers pay attention. It is a way to know the ability of 
their opponents and, if necessary, adjust competition strat-
egies. Moreover, the way in which a competition will un-
fold (i.e., faster or slower rounds and the percentage of im-
provement between rounds) might be determined by the 
entry times. Surprisingly, only a single study determined 
the overall progression of performance in a swim competi-
tion taking entry times as a starting point, with swimmers 
from the 2004 Athens Olympics having a 0.58% perfor-
mance decline compared to their entry times in 68% of 
swimming events (Issurin et al., 2008). Thus, there is a re-
search gap on whether major competitions are still a place 
to excel if entry times are considered as the starting point 
for performance progression analysis. This is even more 
important when the last World Swimming Championships 
took place just under a year after the Olympic Games, not 
so common considering a traditional season calendar. 

Recently some FINA rules have been changed and 
new strategies have been developed to support teams and 
swimmers (Barbosa et al., 2021), as it is important to better 
understand the characteristics of World Class competition 
these days. For government bodies it is also important to 
understand how the changes in the competitive calendar 
will affect the competition characteristics. As the number 
of events per edition of the World Championships has 
steadily grown over the years, it is important to investigate 
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the progression of male and female swimmers for each 
round and event. Regarding the 2022 World Swimming 
Championships, the present study aimed to: (i) analyze the 
progression of men’s and women’s (FINA A and B quali-
fying standards) swimming (race time), performance im-
provement (%IMP), and variability (%CV) between entry 
times and the best performances in the 50, 100, and 200 m 
for all competitive swimming techniques; and (ii) analyze 
specifically the entry times and all rounds, i.e., entry-heats, 
heats-semifinals, and semifinals-finals in men and women 
Top16, semifinalists, and finalists. It was hypothesized that 
the best performances achieved in all rounds would be be-
low the entry times (evidencing a negative %IMP) and the 
finalists would demonstrate a higher and positive %IMP 
(mainly between heats and semifinals) than their remaining 
counterparts. 
 
Methods 
 

Participants 
Swimmers qualified for the long-course 19th FINA World 
Championships (2022, Budapest, Hungary) in the 50, 100 
and 200 m freestyle (Fr), backstroke (Bk), breaststroke 
(Br), and butterfly (Fly) events were analyzed. Entry times 
according to the FINA A and B qualification standards 
achieved between March 1, 2020 and May 15, 2022 were 
considered as inclusion criteria. Swimmers who entered 
without qualifying time, did not start (DNS) the event, or 
were disqualified were excluded. A total of 1102 individual 
performances (629 for men and 473 for women) were in-
cluded for further analysis. 
 
Design and procedures 
An observational retrospective design was selected for the 
present study. Swimmers demographics and official race 
times were retrieved from the official open-access websites 
(https://www.omegatiming.com and www.fina.org). Data 
were downloaded and independently verified by two re-
searchers for possible missing cases. Event, swimmers’ 
name, date of birth, entry times, official race times in the 
heats, semi-finals and finals, and best performances (inde-
pendently of the round the swimmer reached) were ex-
tracted. Data were collected from all swimmers who par-
ticipated in the 50, 100, and 200 m Fr, Bk, Br, and Fly 
events. The Top16 (sixteen swimmers), semi-finalists 
(eight swimmers), and finalists (eight swimmers) were 
considered for each event. In addition, all race times have 
been converted from min to s if applicable to the event. The 
Institutional Ethics Committee of the host University stated 
that ethics approval was not required for this type of study 
design. 
 
Statistical analysis 
Shapiro-Wilk and Levene’s tests were used to assess the 
normality and homoscedasticity (respectively). Non-para-
metric statistics were used if the normality assumption was 
violated. The mean plus one standard deviation 
(Mean±SD) was computed as descriptive statistics and the 
dataset was divided according to the swimmers’ sex. The 
Wilcoxon signed-rank test was used to compare entry times 
and best performances. In addition, effect size (ES) was 

calculated as previously proposed (Fritz et al., 2012) and 
interpreted based on Cohen’s guidelines (Coolican, 2009): 
small (0.20), moderate (0.30), and large (0.50). Repeated-
measures ANOVA followed by the Bonferroni post-hoc 
test were performed to analyze the variation between 
rounds of the Top16, semifinalists and finalists in the en-
try-heats, heats-semifinals, and semifinals-finals pairs. The 
ANOVA assumptions were tested and a Greenhouse-
Geisser correction was considered if the sphericity assump-
tion was violated.  

Partial Eta Squared (ηp
2) was calculated as an ES 

and interpreted according to Ferguson (2009): no effect (≤ 
0.04), minimum effect (0.04-0.25), moderate effect (0.25-
0.64), and strong effect (> 0.64). The percentage perfor-
mance improvement (%IMP) between rounds was calcu-
lated as previously proposed (Costa et al., 2010) with neg-
ative/positive values evidencing a decrease/increase in per-
formance (i.e., race time increase/decrease, respectively). 
The variation of the swimmers’ performance between 
rounds (within-swimmer variation) or the intra-swimmer’s 
CV was computed and transformed into percentage (%CV, 
Equation 1) according to Hopkins et al. (1999).  

 

Equation 1      

%CV
SD e. g. , Entry and Heats  

Mean e. g. , Entry and Heats
 𝑥 100 

 
All statistical analysis was performed in the SPSS 

software (v.27, IBM, SPSS Inc., Chicago, IL, USA) with a 
statistical significance set at p ≤ 0.05. 
 
Results 
 
The descriptive analysis of the swimmers’ entry times and 
best performances across the 2022 World Championships 
is shown in Table 1. Differences were found in most of the 
events with a moderate to large effect, except in Bk50 and 
Fly50 for both sexes, and in Fr200 for women. The greatest 
performance decrease in men was found in the 200 m dis-
tance in Bk and Br (> 1%), while the Fr100 and Bk50 
showed the lowest values (~0.30%). Regarding women, the 
Bk100 and 200, and Br100 and 200 showed a > 1% perfor-
mance decrease, whereas the Fr200, Bk50 and Fly200 
showed the lowest values (-0.21, -0.34 and -0.34%, respec-
tively). The intra-swimmer’s CV ranged between 0.75-
1.14% in men and between 0.69-1.16% in women. 

Tables 2 and 3 represent the round effect in the 
men´s Top16, semi-finalists and finalists, with differences 
with moderate to strong effect being found in most events 
for all groups. However, no differences were found in Br50 
and Fly50 for all groups, Fr100, Br100 and Fly200 for 
semi-finalists, and Bk50 for the finalists. The men’s round-
to-round analysis evidenced that most of the entry-heats 
performances decreased for the Top 16 and semi-finalists, 
and in the heats-semifinals round increases were mainly 
found for the finalists group. All 50 m performances re-
mained unchanged between heats-semifinals for semi-fi-
nalists and finalists, but higher %IMP and %CV (except for 
Br50) were found for finalists. A positive %IMP was ob-
served between heats and semifinals in most events and 
%CV presented a tendency to be lower in the semi-finalists 
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than in the finalists. Furthermore, a decrease between sem-
ifinals-finals was only shown in Fr100. The %IMP be-
tween semifinals-finals presented mixed results, i.e., nega-
tive or positive performance improvements according to 
each event. In addition, a tendency to find a decrease in 
%CV between rounds (from E to F) was verified for the 
cohort of finalist swimmers. 

Tables 4 and 5 report the round effect on the 
women’s Top 16, semi-finalists and finalists, with most 
events showing differences with minimum to strong effect 
for all swimmer groups. No differences were found in Br50 
for all groups and in Bk50, Fly50, Fr100, Fly100, and 
Fr200 for the semi-finalists. Round-to-round analysis for 
women revealed performance decreases between entry and 
heats in most events. The Bk50, Fly50, Br100, and Fly200 
showed no differences for finalists. A negative %IMP, i.e., 
performance decreases in the heats with a higher %CV (> 
0.67%) were observed in most events for all groups. When 
comparing heats and semifinals, performance improve-
ments were found mainly for the finalist group, whose 
swimmers showed a tendency to obtain a higher %IMP 
than the semi-finalists (despite the %IMP being positive for 
both). The comparison of semifinals and finals did not re-
veal differences in all events. The %IMP presented mixed 
results, i.e., a negative or positive performance variation, 
according to the event and the %CV showed a downward 
trend in all rounds (from entry to finals) in the finalists 
group. 
 
Discussion 
 
This study aimed to analyze the progression and variability  

of swimming performance in the 50, 100, and 200 m events  
and compare the performance of the Top16, semi-finalists 
and finalists among all rounds of the Budapest 2022 Cham-
pionship. A negative progression and high variability (> 
0.69%) were found for most of the analyzed events, as the 
best performances achieved within the competition were 
worse when compared with the entry times. According to 
our hypothesis, the finalists presented a greater (positive) 
improvement from the heats to the semifinals, but the per-
formance remained unchanged between the semifinals and 
the finals. The variability tended to decrease between 
rounds for female and male swimmers, making each round 
more homogeneous and competitive (as expected). 

The progression of swimming performance analysis 
within and between competitive seasons has been used pri-
marily for training purposes (Barbosa et al., 2021), partic-
ularly to adjust training load and allow swimmers to reach 
qualifying times/places for important competitions. When 
assessed a single competition, i.e., monitoring the perfor-
mance progression between rounds, it serves primarily for 
race adjustments (Mauger et al., 2012). In this context, the 
entry times play an important role, being seen as the start-
ing point for comparing competitors. In addition, it can be 
an effective approach to understanding the general level of 
competition when it ends, for example by looking at 
whether it was an event that triggered better personal per-
formances. For instance, swimmers who participated in the 
2004 Athens Olympics presented a decrease in swimming 
performance in relation to their entry times (Issurin et al., 
2008). However, it remains unclear how entry times can 
define the course of a competition, particularly right after 
the Olympics.  

 
 

Table 1.  Entry times and the best performance values across the 2022 World Championships in men and women swimming 
events. 

 Event Distance (m) Entry (s) Best performance (s) p-value ES %IMP %CV

Men 

Freestyle 
50 (n=78) 23.12±1.75 23.29±1.67 <0.001 0.43 -0.72±1.65 1.06 
100 (n=86) 50.81±3.05 50.97±2.99 0.045 0.22 -0.31±1.47 0.75 
200 (n=55) 109.36±5.24 109.95±4.72 0.002 0.43 -0.54±1.31 0.80 

Back-
stroke 

50 (n=40) 25.58±1.33 25.66±1.27 0.166 0.22 -0.33±1.77 0.98 
100 (n=38) 54.23±1.73 54.67±1.79 0.004 0.46 -0.79±1.15 1.02 
200 (n=30) 118.62±3.33 119.88±3.63 0.001 0.61 -1.03±1.47 0.96 

Breast-
stroke 

50 (n=51) 28.31±1.96 28.56±2.08 0.002 0.42 -0.82±1.65 1.05 
100 (n=57) 61.64±2.59 62.23±2.55 <0.001 0.58 -0.93±1.60 0.93 
200 (n=39) 132.44±5.34 134.13±5.30 <0.001 0.65 -1.25±1.62 1.14 

Butterfly 
50 (n=60) 24.32±1.62 24.32±1.64 0.553 0.08 0.02±1.54 0.80 
100 (n=57) 53.36±3.45 53.76±3.04 <0.001 0.58 -0.76±1.73 0.94 
200 (n=38) 116.85±2.74 117.85±3.37 0.004 0.47 -0.83±1.50 0.96 

 Women 

Freestyle 
50 (n=67) 26.90±3.23 27.12±2.95 <0.001 0.52 -0.86±1.89 1.15 
100 (n=49) 57.72±5.57 58.08±5.68 0.001 0.47 -0.60±1.12 0.72 
200 (n=37) 121.93±7.99 122.16±7.20 0.409 0.14 -0.21±1.33 0.69 

Back-
stroke 

50 (n=32) 28.77±1.60 28.87±1.64 0.210 0.22 -0.34±1.39 0.72 
100 (n=39) 61.80±3.42 62.52±3.60 <0.001 0.73 -1.14±1.25 0.92 
200 (n=22) 132.01±6.57 133.67±7.68 <0.001 0.97 -1.19±1.96 0.96 

Breast-
stroke 

50 (n=50) 32.03±2.32 32.31±2.46 0.001 0.47 -0.82±1.71 1.08 
100 (n=48) 68.88±3.88 69.72±3.67 <0.001 0.61 -1.21±1.71 1.16 
200 (n=27) 145.45±3.40 147.57±4.21 <0.001 0.79 -1.43±1.22 1.14 

Butterfly 
50 (n=50) 27.15±1.62 27.24±1.58 0.119 0.22 -0.34±1.56 0.87 
100 (n=28) 59.71±3.56 60.02±3.70 0.016 0.45 -0.49±1.47 0.72 
200 (n=24) 129.59±3.51 130.74±4.00 0.005 0.55 -0.86±1.37 0.93 

%, percentage; IMP, performance improvement; CV, intra-swimmer´s coefficient of variation; ES, effect size. 
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Table 2. Descriptive analysis and rounds effect in men Top16, semi-finalists and finalists.   

Event Swimmers 
All rounds (s) ANOVA

Entry Heats Semifinals Final F-value p-value ES 

Fr50 
Top16 21.70±0.18 21.92±0.13 21.83±0.19 - 18.229 <0.001 0.55 

Semi-finalist 21.72±0.18 21.97±0.14 21.95±0.15 - 23.752 <0.001 0.77 
Finalist 21.67±0.19 21.87±0.11 21.70±0.14 21.63±0.20 6.119 0.004 0.47 

Bk50 
Top16 24.68±0.40 24.87±0.28 24.69±0.32 - 6.460 0.005 0.30 

Semi-finalist 24.94±0.14 25.11±0.05 24.95±0.16 - 4.567 0.030 0.40 
Finalist 24.42±0.42 24.63±0.19 24.42±0.18 24.48±0.23 2.401 0.147 0.26 

Br50 
Top16† 27.16±0.47 27.26±0.34 27.18±0.33 - 1.247 0.287 0.08 

Semi-finalist‡ 27.43±0.40 27.56±0.08 27.47±0.13 - 0.578 0.490 0.08 
Finalist 26.92±0.40 26.99±0.21 26.92±0.22 26.91±0.34 0.551 0.653 0.07 

Fly50 
Top16 23.18±0.34 23.09±0.34 23.08±0.22 - 0.622 0.537 0.04 

Semi-finalist 23.26±0.22 23.31±0.18 23.27±0.13 - 0.145 0.866 0.02 
Finalist 23.10±0.42 23.09±0.26 22.90±0.11 22.90±0.22 1.407 0.278 0.17 

Fr100 
Top16 48.15±0.50 48.30±0.23 47.97±0.46 - 5.462 0.009 0.27 

Semi-finalist 48.47±0.38 48.37±0.15 48.32±0.36 - 0.775 0.478 0.10 
Finalist 47.84±0.42 48.23±0.29 47.62±0.24 47.92±0.28 8.658 0.013 0.55 

Bk100 
Top16 52.90±0.50 53.57±0.37 53.15±0.68 - 16.125 <0.001 0.52 

Semi-finalist 53.12±0.50 53.81±0.23 53.74±0.30 - 29.900 <0.001 0.81 
Finalist 53.68±0.42 53.34±0.33 52.57±0.34 52.48±0.63 9.932 <0.001 0.59 

Br100 
Top16 59.24±0.86 59.86±0.64 59.60±0.63 - 15.016 <0.001 0.50 

Semi-finalist 59.74±0.80 60.14±0.57 60.08±0.38 - 3.213 0.071 0.32 
Finalist 58.75±0.61 59.56±0.60 59.12±0.40 59.08±0.55 16.021 <0.001 0.70 

Fly100 
Top16 51.14±0.60 51.58±0.40 51.31±0.41 - 11.764 0.001 0.44 

Semi-finalist 51.51±0.32 51.86±0.16 51.60±0.16 - 9.069 0.003 0.56 
Finalist 50.77±0.59 51.30±0.37 51.03±0.39 51.06±0.42 4.653 0.012 0.40 

Fr200 
Top16 105.51±0.80 106.56±0.67 106.13±0.89 - 23.694 <0.001 0.61 

Semi-finalist 105.83±0.90 107.08±0.34 106.81±0.60 - 21.654 <0.001 0.76 
Finalist 105.18±0.56 106.04±0.47 105.45±0.51 104.93±0.82 9.713 0.004 0.58 

Bk200 
Top16 116.51±1.42 118.02±0.99 117.61±1.54 - 16.347 <0.001 0.52 

Semi-finalist 116.96±1.47 118.59±0.98 118.67±1.48 - 14.000 <0.001 0.67 
Finalist 116.06±1.30 117.45±0.62 116.56±0.56 116.30±1.31 6.362 0.003 0.48 

Br200 
Top16† 128.56±1.53 130.43±1.04 129.62±1.21 - 23.958 <0.001 0.63 

Semi-finalist‡ 129.43±1.50 131.23±0.94 130.58±0.70 - 8.754 0.005 0.59 
Finalist 127.81±1.17 129.74±0.45 128.77±0.89 128.80±0.86 12.224 <0.001 0.64 

Fly200 
Top16 114.84±1.29 115.89±0.80 115.04±1.04 - 10.570 <0.001 0.41 

Semi-finalist 115.33±0.91 116.21±0.59 115.82±0.50 - 2.886 0.089 0.29 
Finalist 114.34±1.48 115.57±0.88 114.25±0.82 114.10±1.73 8.049 <0.001 0.54 

†, n=15; ‡, n=7; Fr, freestyle; Bk, backstroke; Br, breaststroke; Fly, butterfly:  ES, effect size; Top16 (n=16); Semi-finalist (n=8); Finalist (n=8). 
 

Current results showed that the majority of male 
and female swimmers’ performances at the Budapest 2022 
World Championships were worse than their entry times. 
This was an extraordinary edition and out of sequence due 
to the COVID-19 pandemic that also led to the postpone-
ment of the Tokyo 2020 Olympics. As the qualification pe-
riod for this World Championships was set from March to 
May 2022, several swimmers qualified with times obtained 
at the Olympic Games. Swimmers participating in World 
Championships typically have more than a year to prepare 
for such a demanding event, but as it was just a year after 
the Tokyo 2020 Olympics, various adjustments to training 
periodization may have led to ineffective planning (Mujika 
et al., 2019). While the periodization was changed, a per-
formance setback of 1-2% was found for the Top 50 men 
who qualified for the 2020 Tokyo Olympics, which was 
then postponed to 2021 (Costa et al., 2021). In addition, 
many world-ranked swimmers make some critical deci-
sions after an Olympics event, such as taking a longer rest 
period (for physical and psychological healing), making 
more profound changes to their technique (to improve 
swimming efficiency), or shifting their goals to new swim-
ming events, which require adapting to different training 
models (Costa et al., 2010). Therefore, this calendar change 

may not be suitable for elite-level swimmers and some of 
the reasons mentioned above may explain the course of the 
competition.  

Coaches usually work for a 0.5% improvement 
margin to achieve a meaningful performance change (Hop-
kins et al., 1999; Stewart and Hopkins, 2000), but some-
times it takes ~1% performance progression to be at the top 
of the competition or even to break personal records (Pyne 
et al., 2004). This type of approach can vary according to 
the swimmers’ career stage, as some are closer to their 
high-level careers while others have not yet reached that 
point, which explains why some swimmers find it more dif-
ficult to progress within a competition than their peers. Alt-
hough a %CV > 0.69% was found, the %IMP between en-
try times and the best performances was negative for most 
swimming events. In addition, it should be noted that 
swimmers were grouped according to the FINA A and B 
qualification standards. As stated, the highest %CV found 
may be related to the swimmers’ competitive level and 
change based on each round or according to the swimmers’ 
achievements (i.e., the swimmer’s final position).  

Elite swimmers are likely to participate in various 
swimming events during a major competition. Most of 
them occur on the same day or even in the same session of 
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the day. Although progression between rounds is consid-
ered necessary and important, it is highly affected by ones’ 
initial performance and may reflect energy conservation ra-
ther than the actual performance improvement. So, the 
swimmers’ progression from round-to-round is a key factor 
to guarantee the qualification for the finals (Arellano et al., 
2022). While it has been argued that swimming peak per-
formance should be achieved in the finals (Mujika et al., 
2019; Pyne et al., 2004), recent studies have shown that 
most of the best performances were achieved during the 
semifinals due to the negative or unchanged %IMP be-
tween semifinals and finals (Arellano et al., 2022; Cuenca-
Fernández et al., 2021).  

These results showed a decrease in performance be-
tween entry times and heats in most of the groups due to 
the negative %IMP (Table 3 and 5). In addition, men and 
women achieved their best performances in the semifinals 
with a positive %IMP and highest %CV (i.e., > 0.5%) in 
all swimming events. As most swimmers want to secure 
their presence in the ultimate round (i.e., the finals), 
achieving the best performance at the semifinals should be 
an expected trend. This agrees with previous studies for the 

50 (Arellano et al., 2022), 100, and 200 m events (Cuenca-
Fernández et al., 2021). Even so, it should be mentioned 
that several studies diverge in the analysis of data and in 
the interpretation of the performance progression. Progres-
sion and variability were analyzed according to the semifi-
nalists (16 swimmers), finalists (eight swimmers), or med-
alists (at least three swimmers) mainly in the Olympic 
Games (e.g., Issurin et al., 2008; Pyne et al., 2004) and Eu-
ropean Championships (e.g., Arellano et al., 2022; Cuenca-

However, the majority of available literature have analyzed 
the mean differences for %CV (e.g., Cuenca-Fernández et 
al., 2021), instead of the mean differences for swimming 
performance (e.g., Arellano et al., 2022). Thus, this is the 
first study that seeks to understand the mean differences in 
the progression and variability of the performance of a 
World Championship according to the Top16, semi-final-
ists (i.e. eight swimmers), and finalists (i.e. eight swim-
mers). The semi-finalists tended to have a lower %IMP and 
%CV when compared to the finalists. This was below the 
cut-off value (0.5%) to allow for a meaningful change in 
performance across all events.

 
Table 3. Percentage of performance improvement and intra-swimmer coefficient of variation between rounds in the men 
Top16, semi-finalists and finalists. 

Event Swimmers 
E-H H-SF SF-F 

p-value %IMP %CV p-value %IMP %CV p-value %IMP %CV 

Fr50 
Top16 <0.001 -1.02±0.55 0.72 0.048 0.43±0.63 0.38 - - - 

Semi-finalist 0.002 -1.14±0.57 0.81 1.000 0.11±0.30 0.18 - - - 
Finalist 0.013 -0.90±0.54 0.64 0.137 0.75±0.73 0.58 1.000 0.35±0.78 0.44 

Bk50 
Top16 0.048 -0.77±1.14 0.77 0.004 0.74±0.74 0.60 - - - 

Semi-finalist 0.026 -0.66±0.52 0.55 0.156 0.62±0.75 0.58 - - - 
Finalist 0.963 -0.88±1.58 0.99 0.093 0.86±0.77 0.62 0.482 -0.22±0.31 0.19 

Br50 
Top16† 0.698 -0.37±1.12 0.67 0.010 0.28±0.30 0.23 - - - 

Semi-finalist‡ 1.000 -0.31±1.37 0.74 0.182 0.11±0.82 0.28 - - - 
Finalist 1.000 -0.28±0.91 0.60 0.167 0.23±0.24 0.18 1.000 0.07±0.61 0.33 

Fly50 
Top16 1.000 -0.04±1.90 0.97 1.000 0.50±0.84 0.92 - - - 

Semi-finalist 1.000 -0.18±1.23 0.68 1.000 0.17±0.70 0.33 - - - 
Finalist 1.000 0.10±2.50 1.12 0.209 0.82±0.89 0.66 1.000 -0.03±0.93 0.56 

Fr100 
Top16 0.639 -0.31±0.94 0.54 0.009 0.70±0.78 0.64 - - - 

Semi-finalist 1.000 0.19±0.70 0.36 1.000 0.12±0.68 0.39 - - - 
Finalist 0.243 -0.81±0.91 0.72 <0.001 1.27±0.26 0.89 0.021 -0.63±0.41 0.45 

Bk100 
Top16 <0.001 -1.26±0.76 0.91 0.009 0.80±0.91 0.61 - - - 

Semi-finalist 0.002 -1.28±0.60 0.91 0.945 0.13±0.33 0.18 - - - 
Finalist 0.048 -1.23±0.94 0.90 0.007 1.47±0.80 1.03 1.000 0.18±0.95 0.55 

Br100 
Top16 <0.001 -1.03±0.67 0.76 0.111 0.43±0.75 0.53 - - - 

Semi-finalist 0.034 -0.69±0.57 0.55 1.000 0.11±0.80 0.48 - - - 
Finalist 0.003 -1.37±0.61 0.98 0.045 0.75±0.57 0.59 1.000 0.07±0.36 0.22 

Fly100 
Top16 0.005 -0.85±0.90 0.71 0.002 0.52±0.99 0.41 - - - 

Semi-finalist 0.025 -0.67±0.52 0.47 0.016 0.51±0.36 0.37 - - - 
Finalist 0.254 -1.04±1.18 0.95 0.294 0.53±0.63 0.45 1.000 -0.05±0.33 0.18 

Fr200 
Top16 <0.001 -0.99±0.62 0.70 0.001 0.40±0.35 0.33 - - - 

Semi-finalist 0.002 -1.17±0.55 0.83 0.460 0.25±0.44 0.27 - - - 
Finalist 0.069 -0.81±0.67 0.57 <0.001 0.56±0.14 0.39 0.136 0.49±0.48 0.39 

Bk200 
Top16 <0.001 -1.28±1.03 0.94 0.281 0.35±0.77 0.62 - - - 

Semi-finalist 0.026 -1.37±1.08 0.98 1.000 -0.06±0.80 0.47 - - - 
Finalist 0.093 -1.18±1.05 0.90 0.016 0.76±0.48 0.57 1.000 0.22±0.82 0.44 

Br200 
Top16† <0.001 -1.43±0.96 1.08 <0.001 0.63±0.51 0.49 - - - 

Semi-finalist‡ 0.042 -1.06±1.31 1.04 0.092 -0.17±1.12 0.43 - - - 
Finalist 0.018 -1.49±0.94 1.11 0.031 0.75±0.54 0.53 1.000 -0.02±0.43 0.27 

Fly200 
Top16 0.002 -0.91±0.86 0.73 0.002 0.75±0.70 0.63 - - - 

Semi-finalist 0.107 -0.76±0.82 0.65 0.606 0.34±0.67 0.45 - - - 
Finalist 0.083 -1.06±0.93 0.82 0.001 1.16±0.45 0.81 1.000 0.14±0.85 0.44 

†, n=15; ‡, n=7; Fr, freestyle; Bk, backstroke; Br, breaststroke; Fly, butterfly; E, entry times; H, heats; SF, semifinals; F, finals; %, percentage; IMP, 
performance improvement; CV, intra-swimmer´s coefficient of variation. 

Fernández et al., 2021; López-Belmonte et al., 2021). 
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Table 4. Descriptive analysis and rounds effect in women Top16, semi-finalists and finalists. 

Event Swimmers 
All rounds (s) ANOVA

Entry Heats Semifinals  Final F-value p-value ES 

Fr50 
Top16† 24.58±0.30 24.92±0.29 24.76±0.36 - 21.305 <0.001 0.60 

Semi-finalist‡ 24.80±0.24 25.15±0.18 25.06±0.15 - 6.370 0.013 0.52 
Finalist 24.39±0.20 24.73±0.22 24.49±0.26 24.48±0.31 21.356 <0.001 0.75 

Bk50 
Top16 27.73±0.53 27.93±0.34 27.71±0.35 - 4.554 0.019 0.23 

Semi-finalist 28.12±0.42 28.16±0.22 27.99±0.24 - 1.096 0.336 0.14 
Finalist 27.34±0.27 27.71±0.28 27.43±0.17 27.50±0.17 6.053 0.027 0.46 

Br50 
Top16† 30.41±0.50 30.53±0.41 30.43±0.38 - 0.660 0.525 0.05 

Semi-finalist‡ 30.62±0.29 30.79±0.13 30.78±0.19 - 2.443 0.129 0.29 
Finalist 30.23±0.58 30.30±0.44 30.13±0.19 30.12±0.28 0.504 0.610 0.07 

Fly50 
Top16 25.83±0.44 26.04±0.34 25.82±0.41 - 9.149 <0.001 0.38 

Semi-finalist 26.15±0.31 26.28±0.20 26.15±0.26 - 1.914 0.184 0.22 
Finalist 25.50±0.26 25.79±0.27 25.49±0.19 25.44±0.28 8.345 <0.001 0.54 

Fr100 
Top16 53.50±0.72 54.15±0.33 53.80±0.59 - 13.392 <0.001 0.47 

Semi-finalist 53.91±0.70 54.36±0.19 54.29±0.29 - 2.608 0.144 0.27 
Finalist 53.08±0.48 53.95±0.31 53.31±0.35 53.24±0.44 30.516 <0.001 0.81 

Bk100 
Top16 59.40±0.89 60.12±0.84 59.93±0.99 - 24.235 <0.001 0.62 

Semi-finalist 59.93±0.52 60.80±0.26 60.69±0.44 - 19.327 0.002 0.73 
Finalist 58.87±0.88 59.44±0.61 59.17±0.77 59.38±0.80 7.656 0.001 0.52 

Br100 
Top16† 65.94±0.63 66.75±0.38 66.38±0.41 - 13.473 <0.001 0.49 

Semi-finalist‡ 66.15±0.50 66.83±0.39 66.72±0.25 - 8.524 0.005 0.59 
Finalist 65.74±0.69 66.67±0.37 66.08±0.27 66.22±0.25 6.279 0.003 0.47 

Fly100 
Top16 57.32±1.09 58.12±0.79 57.72±0.83 - 13.663 <0.001 0.48 

Semi-finalist 58.09±0.71 58.63±0.61 58.38±0.51 - 2.317 0.135 0.25 
Finalist 56.54±0.81 57.62±0.61 57.07±0.51 56.81±0.89 15.836 <0.001 0.69 

Fr200 
Top16† 116.72±1.35 117.86±0.67 117.09±0.78 - 10.273 <0.001 0.42 

Semi-finalist‡ 117.75±0.51 118.13±0.59 117.69±0.72 - 1.643 0.245 0.22 
Finalist 115.82±1.21 117.63±0.68 116.56±0.30 116.46±0.94 10.714 <0.001 0.61 

Bk200 
Top16 128.81±3.02 131.20±2.35 130.38±2.79 - 26.825 <0.001 0.64 

Semi-finalist 131.26±1.58 133.01±1.71 132.51±1.85 - 7.587 0.006 0.52 
Finalist 126.37±1.84 129.40±1.21 128.26±1.61 127.75±2.04 18.787 <0.001 0.73 

Br200 
Top16 143.45±2.25 146.19±1.21 145.10±1.73 - 29.810 <0.001 0.67 

Semi-finalist 144.86±2.18 147.14±0.85 146.50±1.05 - 8.886 0.014 0.56 
Finalist 142.05±1.26 145.24±0.61 143.71±0.93 143.95±1.20 19.724 <0.001 0.74 

Fly200 
Top16 127.62±1.96 129.63±1.32 128.74±1.96 - 12.417 <0.001 0.45 

Semi-finalist 128.41±1.79 130.45±1.09 130.27±1.45 - 9.320 0.003 0.57 
Finalist 126.83±1.90 128.81±1.01 127.21±0.87 126.94±1.06 7.068 0.023 0.50 

†, n=15; ‡, n=7; Fr, freestyle; Bk, backstroke; Br, breaststroke; Fly, butterfly:  ES, effect size. Top16 (n=16); Semi-finalist (n=8); Finalist (n=8). 

 
When grouping, the Top16 can lead to a misinterpretation 
of progression and variability in performance. For exam-
ple, the Fr50 men’s performance remained unchanged in 
semi-finalists and finalists between heats and semifinals, 
but the Top16 showed a substantial decrease in swimming 
performance (Table 3). It is understandable that the ab-
sence of group comparison within each round can been 
seen as a limitation but should be a seen as a topic of inter-
est in the future.  

While the semifinals appear to be the round to ex-
cel, there is a chance to see different performance improve-
ments over the previous round (i.e., the heats). As men-
tioned earlier, some swimmers will strive more than others 
to perform well in the semifinals. The explanation of the 
different trends may depend on the effort that some swim-
mers have already exhibited near their limit, as argued 
above (Arellano et al., 2022). While some swimmers had 
reached or were approaching their maximum energy and 
technical status, any margin for further improvement be-
tween rounds is very small. In fact, the technical aspects of 

the stroke do not seem to differ between medalists and non-
medalists (Jesus et al., 2011). So, it can be argued that the 
finalists are the ones who have the ability to conserve en-
ergy and manage to show a ~1% improvement in the sem-
ifinal round in most events.  

Future studies should focus on swimmers’ analysis 
considering the entry times and the ranking positioning. 
The relations between that date of the entry times and the 
difference obtained in performances during the main com-
petition still is a topic to be explored. The energetic or kin-
ematic behavior between rounds should also be a point of 
interest to properly understand swimmers’ strategies in a 
World-Class competition.  

 
Conclusion 
 
Swimmers who qualified for the 2022 World Champion-
ships in the 50, 100, and 200 m freestyle, backstroke, 
breaststroke, and butterfly showed negative progression 
between their entry times and the best performance 
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achieved within the competition. The finalists appear to be 
able to make significant progress in performance in the 
semifinals (~1% improvement), while the semifinalists (fe-
males and male swimmers) showed variations below 0.5% 

in most events. The variability tended to decrease between 
rounds for both female and male swimmers making each 
round more homogeneous and competitive. 

 
Table 5.  Percentage of performance improvement and intra-swimmer coefficient of variation between rounds in the women 
Top16, semifinalists and finalists. 

Event Swimmers 
E-H H-SF SF-F 

p-value %IMP %CV p-value %IMP %CV p-value %IMP %CV 

Fr50 
Top16† <0.001 -1.38±1.10 1.01 0.002 0.36±0.75 0.59 - - - 

Semi-finalist‡ 0.050 -0.82±1.26 1.07 0.754 0.13±0.42 0.48 - - - 
Finalist <0.001 -1.35±0.45 0.96 <0.001 0.97±0.29 0.68 1.000 1.04±0.47 0.26 

Bk50 
Top16 0.206 -0.74±1.51 0.88 <0.001 0.81±0.56 0.57 - - - 

Semi-finalist 1.000 -0.14±1.43 0.74 0.013 0.58±0.40 0.41 - - - 
Finalist 0.189 -1.34±1.41 1.02 0.013 1.03±0.62 0.73 0.433 -0.26±0.35 0.26 

Br50 
Top16† 1.000 -0.37±1.64 0.97 0.844 0.32±1.09 0.54 - - - 

Semi-finalist‡ 0.559 -0.54±0.96 0.66 1.000 0.05±0.58 0.32 - - - 
Finalist 1.000 0.40±0.52 1.24 1.000 0.55±1.40 0.73 1.000 0.06±0.45 0.24 

Fly50 
Top16 0.012 -0.81±0.95 0.73 0.004 0.86±0.87 0.69 - - - 

Semi-finalist 0.429 -0.50±0.86 0.48 0.119 0.52±0.58 0.45 - - - 
Finalist 0.090 -1.12±0.99 0.99 0.074 1.20±1.01 0.94 1.000 0.21±0.66 0.42 

Fr100 
Top16 <0.001 -1.22±1.02 0.99 0.003 0.66±0.65 0.53 - - - 

Semi-finalist 0.314 -1.36±0.79 0.84 1.000 0.68±0.62 0.23 - - - 
Finalist <0.001 -1.61±0.56 1.15 <0.001 1.19±0.31 0.83 1.000 0.13±0.34 0.23 

Bk100 
Top16 <0.001 -1.18±0.71 0.84 0.040 0.32±0.45 0.33 - - - 

Semi-finalist 0.001 -1.42±0.65 1.02 0.790 0.19±0.42 0.28 - - - 
Finalist 0.044 -0.95±0.72 0.67 0.168 0.46±0.47 0.38 0.957 -0.36±0.65 0.42 

Br100 
Top16† 0.002 -1.21±1.06 0.95 0.017 0.55±0.66 0.45 - - - 

Semi-finalist‡ 0.058 -1.01±0.85 0.79 1.000 0.17±0.48 0.26 - - - 
Finalist 0.097 -1.39±1.25 1.09 0.029 0.89±0.62 0.62 0.942 -0.21±0.37 0.24 

Fly100 
Top16 0.003 -1.39±1.34 1.20 0.015 0.69±0.84 0.61 - - - 

Semi-finalist 0.417 -0.91±1.55 1.01 0.699 0.43±0.93 0.51 - - - 
Finalist 0.006 -1.87±0.97 1.36 0.039 0.96±0.70 0.72 1.000 0.47±0.85 0.57 

Fr200 
Top16† 0.006 -0.97±0.99 0.76 0.005 0.66±0.65 0.56 - - - 

Semi-finalist‡ 0.771 -0.32±0.69 0.38 0.612 0.38±0.69 0.43 - - - 
Finalist 0.011 -1.54±0.89 1.10 0.011 0.92±0.53 0.67 1.000 0.09±0.83 0.48 

Bk200 
Top16 <0.001 -1.83±1.16 1.32 0.044 0.64±0.93 0.62 - - - 

Semi-finalist 0.020 -1.31±0.98 0.96 0.824 0.39±0.92 0.52 - - - 
Finalist 0.004 -2.34±1.16 1.68 0.168 0.89±0.92 0.72 0.380 0.40±0.52 0.34 

Br200 
Top16 <0.001 -1.87±1.14 1.35 <0.001 0.75±0.63 0.54 - - - 

Semi-finalist 0.035 -1.55±1.29 1.12 0.113 0.44±0.48 0.34 - - - 
Finalist 0.002 -2.19±0.95 1.57 0.010 1.07±0.62 0.75 1.000 -0.16±0.50 0.23 

Fly200 
Top16 0.001 -1.55±1.34 1.20 0.005 0.70±0.74 0.58 - - - 

Semi-finalist 0.037 -1.56±1.32 1.24 1.000 0.15±0.57 0.28 - - - 
Finalist 0.127 -1.53±1.46 1.15 <0.001 1.26±0.35 0.88 - - - 

†, n=15; ‡, n=7; Fr, freestyle; Bk, backstroke; Br, breaststroke; Fly, butterfly; E, entry times; H, heats; SF, semifinals; F, finals; %, percentage; IMP, 
performance improvement; CV, intra-swimmer´s coefficient of variation. 
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Key points 
 

 Swimming performance declines between entry and 
best performance achieved during the 2022 FINA 
World Championships. 

 The progression from the heats to the semifinals (~1% 
IMP) seems to be determinant to reach the finals.  

 Performance variability tends to decrease from round 
to round. 
 

 
AUTHOR BIOGRAPHY 

 

Catarina C. SANTOS 
Employment 
Member of the Research Center in 
Sports Sciences, Health Sciences and 
Human Development (CIDESD, Portu-
gal).  
Degree 
PhD 
Research interests 
The biomechanical determinant factors 
of aquatic activities. 
E-mail: catarina.costa.santos@ubi.pt 

 

Ricardo J. FERNANDES 
Employment 
Professor at University of Porto – Fac-
ulty of Sport (FADEUP, Portugal) and 
Member of Centre of Research, Educa-
tion, Innovation and Intervention in 
Sport (CIFI2D, Portugal). 
Degree 
PhD 
Research interests 
Biophysical research in aquatic activi-
ties, sport training methodology, train-
ing evaluation and control. 
E-mail: ricfer@fade.up.pt 

 

Daniel A. MARINHO  
Employment  
Professor at University of Beira Interior 
(UBI, Portugal) and Member of the Re-
search Center in Sports Sciences, Health 
Sciences and Human Development 
(CIDESD, Portugal). 
Degree  
PhD 
Research interests  
The biomechanical and physiological 
determinant factors of aquatic activities. 
E-mail: dmarinho@ubi.pt 

 

Mário J. COSTA 
Employment 
Professor at University of Porto – Fac-
ulty of Sport (FADEUP, Portugal) and 
Member of Centre of Research, Educa-
tion, Innovation and Intervention in 
Sport (CIFI2D, Portugal). 
Degree 
PhD 
Research interests 
The biomechanical and physiological 
determinant factors of aquatic activities. 
E-mail: mjcosta@fade.up.pt 

 

424


