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SUMMARY

This research aimed to determine differences in pace strategies between the
two groups of elite swimmers at the 2019 World Championships in the 100m
butterfly. The overall sample included in this study consisted of 16 maleparticipants
of the World Swimming Championships in South Korea, who were divided into two
groups. The first group consisted of finalists (22.88 + 3.83 years; n = 8), and the
second group of semifinalists (24.63 + 4.93 years; n = 8). The results are taken from
the official results from the omegatiming website. A T-test was used to determine
the differences between groups. Finalist were faster than semifinalists for first lap
(23.82 £ .45 vs. 24.26 + .30 s, p=.035), second lap (27.34 +.31 vs. 27.78 + .34 s, p=
.018) as well as final time (51.16 * .74 vs. 52.04 + .26 s, p=.007) but not in drop off
(3.53 £ .22 vs. 3.51 + .59 s, p= .946). Finalists of the 100-m butterfly event at
international competitions swam a faster first and second lap compared to their
competitors inthe semifinal group. Both groups are elite swimmers and showed
abilities to maintain swimming velocity in first and second laps, therefore
minimizing the drop-off from the start to the end of the race.The pacing strategies of
elite swimmers remain relatively stable. The obtained results can be a good starting
point in the learning process and education of teachers who coach young swimmers.
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INTRODUCTION

Swimming is one cyclic sport. The main characteristic of cyclic sports is that
motor activities involve repetitive movements. Each movement is a complex
kinetic unit in itself, which implies an alternating and harmonious connection into
one appropriate coordinated rhythm!. The swimmers perform them with the
same success during the cyclic motion of the swimming stroke2. The stroke is the
basic unit of movement in swimming. Each stroke contains the amplitude, power,
rhythm, and frequency of the stroke3.Also, the stroke has a propulsive part (hand
movement through the water) and a retropulsive part (hand movement through
the air), when the stroke surfaces are returned and prepared for a new stroke.
Propulsion refers to the force that enables the body to move forward. The
retropulsion of the stroke is the period in which the arms and legs return to the
initial position, beginning with the exit and ending with the entry of the arm into
the water. All the listed characteristics of the stroke directly affect the efficiency of
the race*.

The main goal in competitions is to complete the event distance in the fastest
possible time.To achieve this goal, the swimmer's contractile abilities must be
efficiently deployed during the race to make the best use of all available
physiological abilities while limiting premature fatigues. The best way to expend
the limited energetic sources which are available to the athletes is known as
pacing or the pacing strategy. Even small differences in pacing determine the
outcome of the race, indicating that pace is playing an increasingly important
roleb.Pacing strategy in swimming is characterized by monitoring split times over
each lap of the race. The difference between the first and second lap times is called
drop-off. The drop-off in time between the first and second laps is typically 1-2 s

1 K. E. McGibbon et al., “Pacing in swimming: a systematic review”,Sports Medicine 48, no.7, (2018):
1621-1633.

2 Tomislav OKkici¢ i dr., Plivanje-praktikum(Nis: FSFV, 2007).

3 Marko Purovi¢ et al., ,A comparison of kinematic variables between european elite, national elite and
regional elite male 100m freestyle swimmers”, Facta Universitatis, Series: Physical Education and Sport
10, no. 4 (2012): 339-346.

* E. W. Maglischo, Swimming fastest (Human kinetics., 2003).

5 C. Foster et al,, “Pattern of energy expenditure during simulated competition”,Medicine and science in
sports and exercise 35, no. 5, (2003): 826-831.

6 C. R. Abbiss & Laursen P. B, “Describing and understanding pacing strategies during athletic
competition”. Sports medicine 38, no. 3, (2008): 239-252.
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longer in butterfly and breaststroke than in 100m freestyle events due to the
different ways of turning?.

Professional athletes who participate in major competitions such as the
Olympic Games or the World Championship strengthen their educational
personality profile and social responsibility through the training processs.

Therefore, this research aimed to evaluate the pacing strategies adopted by
elite male swimmers at high levels of competition. The purpose of this paper is to
provide practical information regarding the pacing strategies in the learning
process and education for teachers who coach young swimmers.

THE METHODS

The sample of participants

The sample of participants numbered 16 swimmers, participants in the
Semifinals and Finals of the 100m butterfly at the 2019 World Championships. All
participants swam the 100 m butterfly race and based on the results were ranked
into two semifinal groups and later in one final group. The first group of
participants in this study consisted of finalists (22.88 * 3.83 years; n = 8), and the
second group consisted of the last eight semifinalists (24.63 + 4.93 years; n =
8).All methods and procedures of this investigation were approved by the ethical
committee of the University of Nis, Faculty of Sport and Physical Education,
Serbia, and they conformed to the Code of Ethics of the World Medical Association
(Declaration of Helsinki).

Procedures

The World Swimming Championships were held in 2019 in South Korea, the
city of Gwangju in a 50 m long pool. All results are taken from the official website
(https://www.omegatiming.com). The following variables were used to evaluate
the pacing strategies in the 100 m butterfly:

o the first 50m of the finalists - Lap1_F (s);

e the second 50m of the finalists - Lap2_F (s);

o differences between the first and second laps - Drop-off_F (s);
e total time of the finalists - T100_F(s);

7 Navedeno delo: 4

8 Sergii Ivashchenko & Kovalchuk Nataliya & Zivanovi¢ Nenad, “Development of olympic education in
the historical aspect” Physical education and sport through the centuries, 9, no. 1, (2022): 43-54
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o the first 50m of the semifinalists - Lap1_SF (s);

e the second 50m of the semifinalists - Lap2_SF (s);

o differences between the first and second laps - Drop-off_SF (s);
e total time of the semifinalists - T100_SF (s).

Statistical analyses

For all the variables, the basic parameters of descriptive statistics were
calculated. To calculate the statistically significant difference for each variable
between the groups, the T-test was used. Statistical calculation was done using the
Statistics software SPSS 19.0.

RESULTS

Tables

Table 1 Basic descriptive statistical parameters and the results of the T-test of the
applied variables in the 100m butterfly

Variables Groups N Mean SD Min Max Ccv F t Sig.
Finalist 8 2288 383 17 27  17%

Yr 0.14 -0.79 0.441
Semifinalist 8 24.63 4.93 19 34 20%
Finalist 8 2382 045 2283 24.24 2%

Lap1 (s) 0.71 -2.33 0.035
Semifinalist 8 24.26 0.30 23.82 24.83 1%
Finalist 8 2735 031 26.67 27.65 1%

Lap2 (s) 0.82 -2.68 0.018
Semifinalist 8 27.78 0.34 27.36 2823 1%
Finalist 8 353 0.22 3.22 3.84 6%

Drop-off (s) 9.37 0.07 0.946
Semifinalist 8 351 0.58 2.54 428 17%
Finalist 8 5116 0.74 49.50 51.70 1%

T100 (s) 340 -3.17 0.007
Semifinalist 8 52.04 0.26 51.71 52.55 0%

Legend: Groups - groups of swimmers, N - number of participants, Mean - means,SD - standard
deviation, Min - minimal results, Max - maximal results, CV - coefficient of variation, T-test F - F
statistic, T-test t - t statistic, Sig. - level of significance,Yr- the age of the respondents, Lap1 (s)-the
first 50m of the 100m butterfly,Lap2 (s) - the second 50m of the 100m butterfly,Drop-off (s)-
differences between the first and second laps,T100 (s)- achieved time in the 100m butterfly.

Table 1. shows the results of the descriptive statistical parameters for the used
variables as well as the results of the T-test. By analyzing the values of the

coefficient of variation (CV) we can see that they were below 30%, which indicates
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that the results were confident and can be used for further analysis®). The T-test
results indicate that there is a statistically significant difference between finalists
and semifinalists in the following variables: Lapl (F = 0.71; p = 0.035); Lap2 (F =
0.82; p = 0.018) and T100 (F = 3.40; p = 0.007), but not in variable Drop-off (F =
9.37; p = 0.946). Furthermore, if we look at the minimum and maximum results of
the Semifinalists in the Drop-off variable, we can see that there are large
deviations (Min = 2.54 s, Max = 4.28 s; CV = 17%), while these deviations for the
Finalists are very small (Min= 3.22 s, Max = 3.84; CV = 6%).

DISCUSSION

This research aimed to determine differences in pace strategies between the
two groups of elite swimmers at the 2019 World Championships in the 100m
butterfly and evaluate the pacing strategies adopted by elite male swimmers at
high levels of competition.The findings from the present study suggest that there
is a statistically significant difference in the first and second lap between elite
male swimmers, but there is no statistically significant difference in the Drop-off
parameter. However, there is a positive pacing strategy whereby the mean 50m
lap time increased by 12.9% from the first to the second lap at the finalists while it
is in the case of semifinalists that increase amounted to 12.6% which is consistent
with the results of previous research0. The obtained results indicate that the
finalists were faster than the semifinalists in the first lap (23.82 + .45 vs. 24.26 *
.30 s, p=.035), but also in the second lap (27.34 + .31 vs. 27.78 + .34 s, p=.018) as
well as final time (51.16 + .74 vs. 52.04 + .26 s, p= .007) which confirms the claim
of Dopsaj!! (2009) who investigated the tactics models of elite male and female
swimmers and concluded that the male swimmer who is faster in the first lap will
win the race with a probability of 43.45%, while with female swimmers this
probability is significantly higher and amounts to 77.18%.0n the other hand,
research by Robertson, Pyne, Hopkins & Anson!? that dealt with the same topic

9 Milivoj Dopsaj i Zoran Bratu$a, “Matematicki model za procenu nivoa generalne plivacke
pripremljenosti vaterpolista mladeg uzrasta od 12 do 14 godina”, Nova sportska praksa 3, no. 1-
2,(2003): 47-55.

10 P, T. Nikolaidis & B. Knechtle, “Pacing in age-group freestyle swimmers at The XV FINA World
Masters Championships in Montreal 2014”, Journal of Sports Sciences 35, no. 12, (2017): 1165-1172.

11 Milovoj Dopsaj,“Analysis of competitive activity in the function of defining model indicators of
swimming tactics on the section” (Analiza takmicarske aktivnosti u funkciji definisanja modelskih
pokazatelja taktike plivanja na deonici od 100m.) (Rad predstavljen na: International Scientific
Conference Theoretical, Methodological and Methodical Aspects of Competitions and Athletes’
Preparation / Conference Proccedings Belgrade, Serbia, 23-28, 2009)

12E. Y Robertson & D. B.Pyne& W. G Hopkins & ]. M. Anson, “Analysis of lap times in international
swimming competitions” Journal of Sports Sciences 27, no. 4, (2009): 387-395.
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showed that elite male swimmers who can swim the second lap faster than their
opponents will win the 100m butterfly (finalists vs. semifinalists; r= 0.88 vs. 0.58).
However, research that investigated pacing parameters on less successful
swimmers reported that nonelite swimmers had a larger differential between first
and second lap speeds, which indicates a higher drop-off parameter!3. Finally,
although we did not examine the appearance of fatigue, it is certainly a very
important parameter that affects the pacing strategy, which must be monitored
and developed throughout the training process.

CONCLUSION

Based on the results, we can conclude that butterfly swimmers must have a
fast first lap to stay competitive and maintain second lap speed for success in
100m events. The elite swimmers were faster throughout each lap and in the final
time, which indicates that their physiological abilities are highly developed, so
swimmers who are less successful need to develop their general conditions and
technique and after that their pacing strategy.
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PA3J/IMKE Y OIIAJALY TEMIIA IIV/IMBAIBA U3BMEBY
EJIMTHUX IIVIMBAYA Y AUCOUIIJIMHHA 100M AEJ1®PHUH
CTUJIOM

CAXETAK

OBO HUCTpaXXUBame je UMaJo 3a WJb Jla YTBPAM pas/MKe y cCTpaTervjamMa TeMna
IJIMBama U3Mely JiBe rpyne eqUTHUX IJIMBada Ha CBeTckoM npBeHCTBY 2019. y
aucuunaray 100 MeTapa e/ iGuH CTUIOM. YKyTaH y30pakK YK/by4eH Y OBY CTYAU)Y
YHUHUJIO je 16 MymKHUX ydyecHHKa CBeTCKOT IPBEHCTBA y MJIMBawy y JyxkHoj Kopejy,
KOju Cy OWJIM ToJie/beHU y ABe rpyne. [IpBy rpyny ynHuau cy ¢unaauctu (22,88 +
3,83 roauHe; H = 8), a Apyry rpyny noaypuHanuctu (24,63 + 4,93 roguHe; H = 8).
[lomanukoju cy kopuinheHW mpey3eTH Cy W3 3BaHWYHUX pe3yJiTaTa ca OMera
TajMUHT Be6 cTpaHHuLe. 3a yTBphuBame pasnuka usmelhy rpyna kopuuthen je T-
TecT. Pesynratu mokasyjy fa cy GUHaAUCTH 6UIM GpXXKHM 0off moaydUHANNCTA Y
npBoM mnposiasdy (23.82 + .45 Bc. 24.26 * .30 ¢, n= .035), apyrom nposasy (27.34 +
.31 Bc.27.78 + .34 ¢, 1= .018), kao u y ykynHoM BpeMeHy Tpke (51.16 +.74 Bc. 52.04
+.26 c,1=.007) asu He U y onajjamy TeMna miarBama (3.53 £ .22 Bc. 3.51 £ .59 ¢, n=
.946). ®unanuctu aucuunanee 100 M genduH ctraoMm Ha CBETCKOM NPBEHCTBY
2019 nimBaau cy 6pXKe y MPBOM M JPYyroM HpoJiady y OJHOCY Ha TaKMH4Yape y
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noJsiy$uHaaHoj rpynu. O6e rpyne cy eJMTHHU IJIMBAYM U MOKa3ald Cy CHOCOGHOCT
Jla oApxe OpP3UHY IIMBamka y MPBOM U JPyroM NpoJiasy, YUMe Cy MUHHUMHU3UPaIH
naji TeMna IUIMBama OJ] MOYeTKa 0 Kpaja Tpke. Moxke ce 3aK/bBy4UTH Ja je
cTpaTervja pUTMa IUIMBamka KOJ eJUTHUX IJIMBAaYa peJaTUBHO CTaOMJIHA.
JlobujeHn pesyjTaTH Mory GUTH A06pa I0Ja3HAa OCHOBA y NPOLECY y4ewa U
eJlyKallMje HaCTaBHMKA KOjU TPEHUPajy MJIajie JIMBayYe.

KibyuHe peuyn: CTpaTervje Temna njivBama, CBeTCKO NPBEHCTBO Yy IIJIMBaY,
[lnuBame, [Ipouec yuemwa

PA3/IMIUA B CHUKEHUHU TEMIIA MEXKAY 3/IMTHBIMU
IJTIOBOUAMU HA AZUCTAHIUHA 100 M BATTEP®JIAEM

AHHOTAIMA

Llesb faHHOTO UCC/IEOBAaHUA — ONpefe/UTh PasJU4yus B CTpaTeTHAX TeMma
MEX/y ABYyMs IPYIIaMH 3JIMTHBIX IJIOBLOB Ha JucTaHuuu 100 M 6aTTepdiseM Ha
yeMmnuoHaTe wMupa 2019 ropga. O6mas BbIOOpKA, BKJOYEHHas B JaHHOE
Ucc/e[JOBaHUe, COCTOUT M3 16 MJIOBLOB-y4acTHUKOB YeMnHuoHaTa MHUpa IO
n1aBaHuo B [0xkHO# Kopee, koTopble pasfesieHsl Ha ABe rpynnsl [lepBas rpynna —
¢dunanucrel (22,88 + 3,83 roga; n = 8), a BTopas — nosypuHaauctel (24,63 + 4,93
roza; n = 8). PesysbTaThl B35Thl U3 0QULMAJIBHBIX JAHHBIX cadTa omegatiming.
[ onpefeneHus pasJMYMi  MeXJy TpynnaMu HcCHoJb3oBajcsa T-TecT.
duHanuctel 6bUIM ObICTpee MOMYGUHANIUCTOB HA mepBoM Kpyre (23,82 + .45
npotuB 24,26 + .30 ¢, p =.035), BTopoMm kpyre (27,34 + .31 npotuB 27,78 + 34 c,p=
.018), a Taxxe B ¢unazne (51,16 + .74 nmpotus 52,04 + .26 ¢, p = .007), HO He B
oTpheiBe (3,53 + .22 npotuB 3,51 + .59 ¢, p = .946). PuHAMUCTBI MEXAYHAPOHBIX
copeBHOBaHUM Ha guctaHuuu 100 M 6aTTepdsisieM NPONIBIIA NEPBBIA U BTOPOU
KpyT ObICTpee, YeM UX CONepHHUKHU U3 mojyduHaabHOM rpynnsl. [IpejcraBurenu
06eux TIpymIm, SABJASAsACh 3JUTHBIMH  IUIOBLAMH, IIOKa3ajJM  CIIOCOGHOCTh
O/ /lep>KUBAaTh CKOPOCTD IJIaBaHHUsI HAa IEPBOM M BTOPOM KpyTax, TAKMM 06pa3oM,
MUHHUMM3UPYS CNaJl CKOPOCTH Ha MPOTSXKeHUH Bcel JucTaHnuu. CTpaTeruy TeMmna
3JUTHBIX IUIOBLIOB OCTAIOTC OTHOCUTEJNbHO CTabWUJIbHBIMU. [losyuyeHHBIE
pe3y/abTaThl MOTYT CTaTh XOpOILIed OTNPaBHOM TOYKOU B mpoliecce 06y4YeHUs U
BOCIIUTAHUS 11€/1aroroB, TPEHUPYIOIHX IOHBIX IIJIOBIIOB.

KiroueBble c/I0Ba: CTpaTeruy TeMIa, YeMIIMOHAT MUpa M0 MJIaBaHHUIO, JIaBaHUE,
nporecc 06y4eHust
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