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Abstract

The level of expertise must be defined for the sample studied when report research in sport. Concretely in
swimming, apart from the participants’ background, the competitive status is based on the level that
swimmers participate. Thus, the International Swimming Federation (FINA) points are added to improve
the sample level characterization. The aim of this study was two-fold: 1) to assess whether national and
regional swimmers from different countries differ in their performance level (based on FINA points), and

2) to propose a model that allows standardizing the research results in swimming. The FINA points of 5876
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participants (males = 2962 and females = 2914) in 100 m butterfly, backstroke, breaststroke, and freestyle
were retrieved from nationals (n = 21) and regionals (n = 44) swimming competitions. One-way analysis
of variance was conducted to test the difference in FINA points between swimmers of different countries.
Significant disparities (100 to 350 FINA points; p<0.001) were observed in national and regional
competitions for male and female swimmers among the different countries analyzed. This could lead to
misleading conclusions when comparing studies with national or regional swimmers from different
countries. In this regard, a new model of performance classification based on national and-regional

worldwide competition is proposed. This might be used to standardized the swimming research results.
Keywords: Experience, expertise, FINA points,
Highlights

- The current classification of swimmers’ status could lead to misleading conclusion when
comparing studies from different countries using national or-regional-swimmers.
- The proposed model will allow to better standardize the research results in swimming, aiding to

draw more accurate conclusion when comparing results from different studies.

Keywords: Experience, expertise, FINA points, comparison.

Introduction

Swimming, as an Olympic sport fromthe beginning of the modern Olympic Games in 1896, is one of the
most popular sports-worldwide due to its effect on health and wellbeing (Howells & Jarman, 2016; Swim
England’s Swimming and Health, 2017); however, the aquatic environment complicates its research. One
of the first attempts to explain the swimming techniques and training procedures based on empirical data
was the textbook “The science of swimming”, first released in 1968 (Counsilman & Counsilman, 1968).
From-that moment on, a solid and large scientific community has emerged to investigate competitive

swimming (Barbosa, Costa, & Marinho, 2013).

As aresult of that work, it may be concluded that the success in swimming performance depends on several
aspects such as biomechanical, physiological, or anthropometrical factors (Barbosa et al., 2013). Hence,
researchers have tried to understand which are the ones that make top swimmers to excel over the rest of

the swimmers (Barbosa et al., 2010). This fact is indeed observed in the amount of studies comparing elite



with non-elite swimmers (Arellano, Pardillo, & Gavilan, 2003; Arellano, Pardillo, & Gavilan, 2002; Jones,
Pyne, Haff, & Newton, 2017), or among the aspects that differentiate the finalists from the non-finalists

(Sanchez, Arellano, & Cuenca-Fernandez, 2021)

Contrary to other sports, such as cycling, where guidelines to classify the research subjects have been
established (De Pauw et al., 2013; Decroix, De Pauw, Foster, & Meeusen, 2016), the criteria used to define
the level of the sample in swimming studies are not clearly described. When reporting the research results,
the skill level of the swimmers is important; however, there is an inconsistency among researchers that
makes it difficult to draw conclusions when comparing the results from different studies (Swann,-Moran,
& Piggott, 2015). For instance, the term “elite” or “expert” have been used from the “ten years rule” or to
describe athletes with two years of accumulated practice (Hayes, Chipman, Segal, & Glaser, 1985).
Whereas, the level of participants in swimming research has also been reported-as a function of the level of
competition that swimmers reach (Morais, Barbosa, et al., 2020), such-as: international (Arellano et al.,
2002), national (Connaboy et al., 2016), regional (Ruiz-Navarro, Morouco, & Arellano, 2020) or age group
swimmers (Ruiz-Navarro et al., 2021). Hence, it is possible that national swimmers from different countries
might differ significantly in their skill level due to the size and popularity of the sport within the country

(Swann et al., 2015) or the qualification criteria established by the corresponding swimming federation.

Together with these terms, the swimmer’s personal best time (Costa et al., 2009), the percentage to the
world record (Ruiz-Navarro etal., 2020), or the most commonly observed in the literature, the International
Swimming Federation (FINA) points (i.e., a value of the swimmer's best mark relative to the world best
mark) (Morais, Forte, Nevill, Barbosa, & Marinho, 2020), are often also reported. These terms are indeed
easy to understand and aid to objectively compare results between studies. However, it seems to be no other
standards to classify swimmers’ status rather than the level of competition that swimmers participate.
Therefore, the aim of this study was two-fold: 1) to assess whether national and regional swimmers from
different countries differ in their performance level, and 2) to propose a new model that allows

standardizing the research results based on FINA points.

Material and methods

Participants



A total of 8320 competitor records (65 competitions x 16 swimmers [finalists and semifinalists] x 2 sexes
x 4 events [100 m butterfly, backstroke, breaststroke, and freestyle]), were retrieved from (n = 21) nationals
and (n = 44) regionals swimming events in long course (i.e., 50 m swimming pool) celebrated during 2019.
The number of swimmers analyzed was 5876 (2962 males and 2914 females), as some of them participated
in more than one race (e.g., butterfly and freestyle) or event (e.g., national and regional competition). Since
it is not the aim of the current study to compare which country have higher or lower swimming performance

level, the anonymity of the results will be kept throughout the rest of the manuscript.
Data collection

All the FINA points were retrieved from publicly accessible database ‘swimrankings.net’. The database
lists are the results of registered races which are in accordance with the official FINA rules (FINA, 2019c),
including electronical time keeping and limits to in-pool current (Born et al., 2020). The data were retrieved
by two of the authors, entered manually into an Excel spread sheet file; and double-checked by a third
author. The FINA points, which are calculated as 1000x(World Record time (s) / swim time (s))3) are
assigned every year based on the World Record time for each-event (FINA, 2011). In this study, the 2019

FINA points reference values were used.

It was intended to include a representation of countries with some international success, thus only those
that had achieved at least a medal in one of the last four main international competition were included (n =
30) (i.e., London 2012 and Rio 2016 Olympic Games; Budapest 2017 and Gwangju 2019 Long Course
World Championships). There was no-available information regarding any national or regional competition
for some of the countries previously determined to inclusion, leading to a total of 21 countries analyzed.

One national championship and different regional championships were analyzed in the 21 countries.

The regional events were competition of at least two days’ duration that were qualifiers for national events.
When possible, at least three different regionals competitions were analyzed and averaged to use a
representation of different regions within the country. In Table S1, the competitions analyzed are shown.
From the 21 national and 44 regional competitions analyzed, the FINA points obtained by the 16 best
national swimmers (finalists and semifinalists) in 100 m butterfly, backstroke, breaststroke, and freestyle
events for both male and female swimmers were obtained. To ensure the representation of swimmers from
the countries analyzed, only national swimmers of the country where the championship was held were

assessed, and therefore foreign swimmers were not included.



The FINA points for the A and B standard qualification time, of the events analyzed, for the Tokyo Olympic
Games (FINA, 2019d) and Gwangju World Championships (FINA, 2018) were obtained. These FINA
points were computed using the FINA point scoring 2019 for either males and females (FINA, 2019b,
2019a) and the mean of the FINA points of these two major championships was calculated and used as

international events.

Statistical analysis

Shapiro-wilk test and visual inspection of histogram was used to test the normality of the sample.-Although
some variables did not exhibit a normal distribution, for analytical purposes these variables were not
transformed. One-way analyses of variance (ANOVA) was used to test differences in FINA points between
countries for national and regional competitions. Analyses were replicated ‘with-the non-parametric
Kruskal-Wallis test. Since the results were similar between the parametric and non-parametric test, only
one-way ANOVA results are reported. Bonferroni corrections were used for post-hoc comparisons. To
accomplish the second aim of this study, the mean of the lowest FINA-points obtained in each event were
also calculated. The significance level was set at 0.05 and the analyses were conducted using the Statistical

Package for Social Sciences (SPSS, v. 24.0, IBM SPSS Statistics, IBM Corporation, Chicago, IL, USA).

Results

The mean * standard deviation (SD) values of the FINA points obtained in the national and regional
competitions analyzed and the lowest FINA points obtained in each competition are presented in Table 1
and 2, respectively. The A standard qualification time for the international events showed a mean of 875 +
14 (males: 881 £ 12, females: 868 + 13) and the B standard qualification time for the international events

showed a mean-of 795 + 16 (males: 800 + 14, females: 789 + 17).

One-way ANOVA revealed differences for 100 m butterfly (males, F: 12.70, p<0.001; females, F: 24.65,
p<0.001), backstroke (males, F: 14.49, p<0.001; females, F: 25.08, p<0.001), breaststroke (males, F: 13.18,
p<0.001; females, F: 16.71, p<0.001), and freestyle events (males, F: 11.73, p<0.001; females, F: 28.60,
p<0.001) in national championships. Also, differences were found for 100 m butterfly (males, F: 12.30,
p<0.001; females, F: 17.02, p<0.001), backstroke (males, F: 13.12, p<0.001; females, F: 11.52, p<0.001),
breaststroke (males, F: 8.42, p<0.001; females, F: 9.36, p<0.001), and freestyle (males, F: 10.61, p<0.001;

females, F: 10.32, p<0.001) events in regional competitions.



When comparing national competitions, significant differences were observed between countries after post-
hoc Bonferroni corrections in every event, for male (Figure 1) and female swimmers (Figure 2). Those
disparities ranged between 100 to 350 FINA points (Table 1). In regional competitions, significant
differences were also observed after post-hoc Bonferroni corrections in every event, for male (Figure 3)
and female swimmers (Figure 4). The disparities between countries ranged between 100 to 225 FINA points

(Table 2).

Five swimming performance levels were proposed based on the FINA paoint results-obtained (Figure 5)

using the following criteria:

i) The first level is based on the A qualifying standards set to participate at-the international events, which

correspond to > 875 FINA points.

ii) The second level is based on the B qualifying standards set to participate at the international events,
which correspond to 800 FINA points (Note that the -mean was 794, but to facilitate its uses 800 is

proposed).

iii) The third threshold is established at 650 FINA points, since it is the mean of the lowest FINA points
obtained in national championship(Table 1) (Note that the mean was 654, but to facilitate its uses 650 is

proposed).

iv) The fourth threshold is set at 450 FINA points, as the mean of the lowest FINA points obtained in

regional.competitions (Table 1)(Note that the mean was 467, but to facilitate its uses 450 is proposed).

V) The fifth threshold would involve all the performances below 449 FINA points.

Discussion

The aim of this study was two-fold: 1) to assess whether national and regional swimmers from different
countries differ in their performance level, and 2) to propose a hew model that allows standardizing the

research results based on FINA points. The results demonstrated that the best 16 national swimmers are



significantly different in FINA points, and therefore in skill level in 100 m butterfly, backstroke,
breaststroke, and freestyle events among countries. This also happened with the regionals. Therefore, we

proposed a five-level system of classification to standardize the research results in swimming (Figure 5).

In sport research is very important to define the level of expertise of the sample studied (Hodges, Starkes,
& MacMahon, 2006). This definition must be based on the athletes” highest standard of performance
(Swann et al., 2015); however, the standards around the world are different between each other.. For
example, two swimmers achieving international participation could still be differentiated by a mere
participation (around ~800 FINA points), or by a participation with options to achieve a medal or a new
world record (> 950 FINA points). For national and regional swimmers of different countries, our results
showed differences in performance level in the four strokes in males (Figure 1'and 3) and females (Figure
2 and 4). These differences in performance level are related to biomechanical, physiological, or
anthropometric differences (Arellano et al., 2002; Leblanc, Seifert, Baudry, & Chollet, 2005; Takagi,
Sugimoto, & Wilson, 2004; Wells, Schneiderman-walker, & Plyley, 2006). For instance, in female 100 m
backstroke there was a difference of more than 200 FINA points-between countries, and still, both could be
considered as national (Figure 2). On the other hand, the regional level of one country could be even higher
than the national level of other country (e.g., see country 14). Therefore, this could not only lead readers to
draw misleading conclusions when comparing national swimmers from different studies, but also confuse

the researchers themselves in explaining and making sense of their own results.

The FINA points have been criticized, because some of the scores used are still based on the polyurethane
swimsuit era (Bernhardt, 2014). Therefore, the athletes' competitive experience in years or the training time
and/or frequency are often reported instead. Although these facts provide valuable information of the
athletes” investment in swimming, they do not provide any indication of performance level (Swann et al.,
2015). Hence, two samples with the same training experience might be considered similar if the FINA

points were not complementarily reported.

It is worth noting that the mean performance of some countries (Table 1), were above the B standard
qualification times for 2021 Tokyo Olympic Games (i.e., around 800 FINA points). However, as only two
swimmers are allowed to compete in the Olympic Games per event and country (FINA, 2019d), the rest of
the swimmers would be considered as nationals swimmers, while in other countries they might be
considered as internationals. As an extreme illustration, swimmers performing one minute over the World

Record would be considered as international level if taken part in the Olympic Games (Nauright &



Magdalinski, 2003). Hence, although the swimmers’ status should be based on their skill level, it is
perceived a current way of reporting the swimmers’ status highly influenced by the popularity of the sport

within the country and the size of the country (Swann et al., 2015).

Previously, national and regional swimmers were defined as those reaching between 700-900 and between
500-700 FINA points, respectively (Veiga, Cala, Frutos, & Navarro, 2014). However, this categorization
was highly influenced by the popularity of the sport within the country and the size of the country (Swann
et al., 2015). In fact, the mean of the national swimmers in some countries did not reach those standards-in
spite of swimmers participated in national and regional competitions (see Table 1 and 2). More recently,
swimmers performance level was divided in four groups: top-elite, elite, sub-elite and high-competitive,
and this differentiation was based on swimmers’ best season time relative to the world record (Post, Koning,
Visscher, & Elferink-Gemser, 2020). Although the differentiation is well argued-and clearly defined, the
study was focused on those who reached top-elite, without mentioning lower-level swimmers. Indeed, the
model proposed in the current study differentiated five groups, and this categorization also included

swimmers with a lower performance level than those presented by Post et al. (2020).

We acknowledge a potential limitation, individual medley as well as middle and longer-distance events,
were not analyzed. Nevertheless, scientific literature-usually reports the performance level based on 100 m
events and therefore we thought that the inclusion of middle and longer-distance events would not add
relevant information to the aim of this manuscript. Future studies could benefit from the easy method of

categorizing competitive level reported-in this study.
Conclusion

The current classification of swimmers” status could lead to misleading conclusion when comparing studies
from different countries using national or regional swimmers. Together with the background status, FINA
points should be always included, since athletes' competitive experience in years or the training
time/frequency do not provide indication of performance level. Based on national and regional competition
ofall over the world, we have proposed a new model of performance classification that might be used to
standardize the swimming research results. The proposed model is neither influenced by the popularity of
the sport within the country nor the size of the country and this will allow to draw more accurate conclusion

when comparing results from different studies.
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LFP: lowest FINA points.

Table 2. The mean + standard deviation (SD) values of the International Swimming Federation (FINA)

points obtained in the regional'competitions analyzed and lowest FINA points obtained in each competition.

Male Female

Butterf |, Backstro | Breaststro | Freesty | Butterf | Backstro | Breaststro | Freesty | LF

ly ke ke le ly ke ke le P
Count | 627|614y 5o | go1sa7 | 6L | 6382 | iacr | g1 uge | B2 | 73
ryl | <46 * * 45 49 = B 4 | g5
Count | 575+ 650+ | 584+ 612+ | I8
~ | 514+68 | 535+ 100 - - | 579+£70 | 545+70 T |6z

ry2 79 62 53 50 74

Count ) i i i i i i i i

ry 3

Count | 554+ | 4oa, 06| az3sg0 | 5B* | 52 | 5pu71 | agregr | OBE | 4
ry 4 74 - - 50 69 - - 46 75
Count | 52+ | 1o, 1 | soraz | OB* | B2% | 75451 | apavso | O02F |3s
ry5 63 - - 37 47 - - 47 5(;




Count

ry 6
50
Count | 5752 | 579479 | s3az60 | O47% | 999% | 5o9.61 | 537265 | 2% |02
ry 7 55 47 69 58 | o
50
Count | 969 * | 524 4+ 615 + | 564+ | 564 + 602 +
i 36 e | 512 £47 | PO 1 0 573+41 | g 91 é_r
37
Count | 457+ | Joo 1 ag | 46979 | 240% | 399% | yur 56 | 395202 | 230% | 74
ry 9 65 66 82 52 |
52
Count | 571+ | 564 + 610+ | 588+ 629 +
10 | 4 0 52038 | 7, Ja | 615%51 | 560+42 | >0 % ;_L
51
Count | 592 + 642+ | 551+ 610+
WAL | Cas | 57931 55736 | s1 | 58551 | 53949 | " E::_) ;;
43
Count | 500+ 547 + 503 + 501 +
W12 | on | 490%45 | 361x74 | T 2 | 36652 522+33 | 86 é_r
a4
Count | 526+ 580+ | 532+ 590 +
13 | a7 | 480%49 | a7ixse | T ve | 521245 | 52145 | zé ;_r
22
Count | 530+ 628 + 393 + 544+ | 4+
14 | ea | BTETO | 521473 | P o | 473+73 | 50587 | >0 F |77
5
Count ) i i i X i i i i
ry 15
Count ) ) . ) ) ) ) ) )
ry 16
54
Count | 629 + 655+ | 592+ 618 +
17 | T4 | 60088 G035 | P Jo | 577£43 | 58046 | 0 % ;_r
43
Count | 490 + 558+ | 527+ 562 +
18 | 5o | 44564 | 460£60 | Vo <o | 50055 | 50851 | ToF |5+
96
38
Count | 478 + 548+ | 458 + 529 +
10 | S (w770 | assxes | L, | 48548 | 45756 | V0T |1z
71
49
Count | 608+ 654+ | 579+ 618 +
20 | 4z | 58877 | sE2%54 | O to | 59861 | 53451 | 70 % é_r
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Count | 511+ 579+ | 543+ 578 +
Vol | 72 | B13%74 | 50566 | CC 4o | 54092 | 52955 | > % ;_r
46
Total | 2% | 526482 | 507484 | 006% | 535% | ohh g5 | 523474 | PNE |74
74 62 88 55 | o

LFP, lowest FINA points; -, no information found




Figure 1. The male national swimmers’ differences in the FINA points between countries. Post hoc
significant differences are represented by numbers written in white. The number included in each square
shows the difference in the FINA points between the countries, being the darker the square the higher the
difference. Panel A) 100 m butterfly, Panel B) 100 m backstroke, Panel C) 100 m breaststroke, Panel D)

100 m freestyle.
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Figure 2. The female national swimmers’ differences in the FINA points. Post hoc significant differences

are represented by numbers written in white. The number included in each square shows the difference in



the FINA points between the countries, being the darker the square the higher the difference. Panel A) 100

m butterfly, Panel B) 100 m backstroke, Panel C) 100 m breaststroke, Panel D) 100 m freestyle.
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Figure 3. The male regional swimmers’ differences in the FINA points. Post hoc significant differences
are represented by numbers written in white. The number included in each square shows the difference in
the FINA points between the countries, being the darker the square the higher the difference. Panel A) 100

m butterfly, Panel B) 100 m backstroke, Panel C) 100 m breaststroke, Panel D) 100 m freestyle.
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Figure 4. The female regional swimmers’ differences in the FINA points. Post hoc significant differences

are represented by numbers written in white. The number included in each square shows the difference in



the FINA points between the countries, being the darker the square the higher the difference. Panel A) 100

m butterfly, Panel B) 100 m backstroke, Panel C) 100 m breaststroke, Panel D) 100 m freestyle.
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Figure 5. New model of swimmers’ performance level classification in swimming. FINA: International

Swimming Federation
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