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Abstract

The aims of the study were to provide benchmarks and nor-
mative data for 100 m, 200 m, and 400 m short-course in-
dividual medley (IM) races, investigate differences be-
tween the various swimming strokes and turns involved in
IM, and quantify the effect and contribution of various race
sections on swimming performance. All IM races (n = 320)
at the 2019 European Short-Course Swimming Champion-
ships were video monitored and digitized with interrater
reliability described by a mean intra-class correlation coef-
ficient of 0.968. Normative data were provided for the
eight finalists of each event (FINA points = 886 + 37) and
the eight slowest swimmers from each event (FINA
points = 688 £ 53). Contribution and effects of race sec-
tions on swimming performance were investigated using
stepwise regression analysis based on all races of each
event. Regression analysis explained 97-100% of total var-
iance in race time and revealed turn time (8> 0.53) as dis-
tinguishing factor in short-course IM races in addition to
swim velocity (> -0.28). Start time only affected 100 m
(#>0.14) and 200 m (5 > 0.04) events. Fastest turn times
were found for the butterfly/backstroke turn. Breaststroke
showed slowest swim velocities and no difference between
fastest and slowest 100 m IM swimmers. Therefore, breast-
stroke may provide largest potential for future develop-
ment in IM race times. Correlation analyses revealed that
distance per stroke (r > -0.39, P < 0.05) rather than stroke
rate (r<-0.18, P>0.05) is a performance indicator and
may be used by coaches and performance analysts to eval-
uate stroke mechanics in male IM swimmers despite its
more complex assessment. Performance analysts, coaches,
and swimmers may use the present normative data to es-
tablish minimal and maximal requirements for European
Championship participation and to create specific drills in
practice.

Key words: Acyclic phases, reference values, elite athlete,
race analysis, swimming.

Introduction

In competitive sports, athletes strive towards the best per-
formance possible. To set goals, establish guidelines for
long-term athlete development, and create specific drills in
practice, benchmarks and normative data are therefore de-
rived from world-class athletes and finalists at important
international competitions (Marinho et al., 2020; Morais et
al., 2019). This approach is particularly feasible in swim
sports, as competitions provide highly standardized

conditions. Based on the official rulebook of the world
governing swimming federation FINA (Fédération Interna-
tionale de Natation), water temperature is regulated to no
less than 25°C with an in-pool current < 1.25 m/min
(FINA, 2021). The tolerance for pool length is + 0.01 m
and wave-breaking lane ropes are obligatory (FINA, 2021)
to reduce performance interference by other competitors
(Menting et al., 2019). Therefore, benchmarks established
by video-based motion analysis from real race scenarios
are comparable between various swim events, competi-
tions, and venues.

However, continuously improving world best times
require regular updates of benchmarks and normative data
(Marino, 1984; USA Swimming, 2021). Although, race
times can be corrected for the current world record (Post et
al., 2020), key performance indicators and section times
probably do not develop equally with race times. As such,
the recent development in swimming with emphasis on on-
land strength and power training regimes (Crowley et al.,
2017; Crowley et al., 2018) increased interest in and im-
portance of the acyclic phases, i.e. start and turn perfor-
mances (Marinho et al., 2020; Morais et al., 2019; Nicol et
al., 2021; Veiga and Roig, 2016).

In particular, short-course races held during winter
season in 25 m pools, involve a greater number of turns for
a given event compared to long-course races (50 m pool
length). Therefore, contribution of the turn section was
larger compare to the free-swimming section as shown by
a recent time trial (Olstad et al., 2020). Additionally, the
repeated push-off from the pool-wall increases velocity
(3.0£0.1 m/s) beyond free-swimming speed
(1.4 £ 0.1 m/s) after each turn (Olstad et al., 2020). There-
fore, short-course races are on average 4.3 + 3.2% faster
compared to the same event held in a long-course pool
(Wolfrum et al., 2014). While time trials provide a unique
opportunity to apply sophisticated methods and study on-
block/wall kinetics and underwater kinematics (Nicol et
al., 2021; Olstad et al., 2020), experienced swimmers usu-
ally perform best in real races competing head-to-head
against others (Mujika et al., 2019). Therefore, section
analysis and benchmarks derived from such time trials re-
quire verification from real race scenarios. Additionally,
the findings from swimmers with a mean performance
level <700 FINA points (Olstad et al., 2020) need to be
confirmed in swimmers at a high international level, i.e.
European Championship finalists (Marinho et al., 2020;
Morais et al., 2019).

Despite the importance of benchmarks from high-
level swimmers, short-course races are an understudied re-
search area, as pointed out by a recent review (Gonjo and

Received: 13 May 2021 / Accepted: 15 April 2022 / Published (online): 1 June 2022



234

Section analysis for individual medley

Olstad, 2020a). Research is particularly limited for Individ-
ual Medley (IM) events (Gonjo and Olstad, 2020a), during
which swimmers transition between all four swimming
strokes, i.e. Butterfly (BU), Backstroke (BA), Breaststroke
(BR), and Freestyle (FR) and apply three different turn
techniques (FINA, 2021). With the large variety of tech-
nical requirements of this unique event, the aims of the pre-
sent study were to (I) provide benchmarks and normative
data for fastest and slowest European Championship par-
ticipants in 100 m, 200 m, and 400 m short-course IM
races, (II) investigate differences between the various
swimming strokes and turns involved in IM, and (III) to
quantify the effect and contribution of various race sections
on swimming performance.

Methods

Subjects

In total, 320 IM races of all male (FINA points = 806 £ 75)
and female (FINA points = 772 £ 75) competitors at the
2019 European Short-Course Swimming Championships
in Glasgow, Scotland were analyzed. Benchmarks and nor-
mative values were derived from the eight finalists (FINA
points = 886 £37) and eight slowest swimmers (FINA
points = 688 £ 53) of each event. All competitors of each
event were used to quantify the effect and contribution of
various race sections on swimming performance. All
swimmers that participate at events hosted by the European
Swimming Association LEN (Ligue Européenne de Nata-
tion) agree to be video monitored for television broadcast-
ing and race analysis of the participating nations. The study
was pre-approved by the leading institution’s internal re-
view board (registration number: 098-LSP-191119) and
was in accordance to the latest version of the code of con-
duct of the World Medical Association for studies involv-
ing human subjects (Helsinki Declaration).

Data collection

All IM races were video monitored with a twelve camera
system (Spiideo, Malmo, Sweden). Ten cameras filmed
one of the ten lanes following the individual swimmer
(V59 PTZ, Axis Communications AB, Lund, Sweden).
Two additional cameras positioned at a 90° angle to the
swimming lanes at the 5 m and 20 m mark, monitored the
start and turn sections across all lanes. Video footages were
collected with a 50 Hz sampling rate. Race times were pro-
vided by the championship’s official timekeeper (Mi-
croplus Informatica, Marene CN, Italy).

Data analyses

Video footages were manually digitized using the Kinovea
software (Kinovea 0.9.1; Joan Charmant & Contrib. ki-
novea.org). Video footages were synchronized to the start-
ing signal (electric gun and light flash). Section times were
established by top of the head passing the 5 m, 10 m, 15 m,
and 20 m markings of the lane ropes. According to official
swimming rules, first hand contact with the pool wall de-
termined end of the lap for BU, BR, and IM turns, i.e. BU
to BA, BA to BR, and BR to FR (FINA, 2021). Foot con-
tact with the pool wall determined end of the lap for BA
and FR turns (200 m and 400 m events only) (FINA, 2021).

After turns, swimmers are allowed to extend the underwa-
ter phase up to the 15 m mark (FINA, 2021). However, as
excess breath holding may interfere with the subsequent
free-swimming section, previous studies showed underwa-
ter distances below the permitted limit of 15 m. As such,
male and female swimmers resurfaced no later than
11.0 £ 1.3 m and 10.6 £ 2.1 m, respectively, in 100 m and
200 m races (Morais et al., 2019; Veiga and Roig, 2016).
Therefore, to isolate turn and free-swimming section and
to make data comparable to recent studies (Gonjo and
Olstad, 2020a; Nicol et al., 2021; Olstad et al., 2020), total
turn time was determined from 5 m before wall contact
(5 m in) until 10 m after wall contact (10 m out), with cor-
responding 5 m out split time. Swim velocities were meas-
ured between 15 m to 20 m of the first and between 10 m
and 20 m of all following laps to isolate free-swimming
(1.4 £ 0.1 m/s) from the faster start (4.7 = 0.3 m/s) and turn
(3.0 £ 0.1 m/s) velocities (Olstad et al., 2020). Stroke rate
(SR) was determined by the time needed for one complete
arm stroke. Initial water contact at entry of the same hand
marked beginning and end of the arm stroke. Distance per
stroke (DPS) was derived from SR and swim velocity of
that particular race section. Time events digitized in the an-
alyzing software were imported to Microsoft Excel 2016
(Microsoft Corporation, Redmond, WA, USA) to calculate
start, turn, and swim parameters.

To investigate interrater reliability of the video
analysis process, 5% of the races (n = 16) were analyzed in
duplicate by a second expert swimming race analyst. Start
performance showed an intra-class correlation coefficient
(ICC) with 95% confidence interval of 0.969 (0.911-
0.989), 0.999 (0.996-1.00), and 0.999 (0.998-1.00) for 5 m,
10 m, 15 m split times, respectively. Turn performance
showed an ICC of 0.852 (0.577-0.948), 0.974 (0.925-
0.991), 0.993 (0.979-0.997), and 0.918 (0.766-0.971) for
5 min, 5 mout, 10 m out, and total turn time. Swim veloc-
ity, SR, and DPS showed an ICC of 0.991 (0.975-0.997),
0.994 (0.982-0.998), and 0.988 (0.966-0.996).

Statistical Analyses

Start and race times were compared between finalists and
the eight slowest swimmers from the same event using an
unpaired t-test. Turn and swim parameters were compared
using three separate 2-way analysis of variance (ANOVA):
group (fastest swimmers — slowest swimmers) X swimming
stroke (BU - BA - BR - FR) or type of turn (BU/BA turn -
BA/BR turn - BR/FR turn) or race section (start - turn -
swim) and partial eta-square effect size (,n°) was calcu-
lated. To account for the large number of dependent varia-
bles, False Discovery Rate correction was applied to the
main effects and alpa-levels adjusted based on the number
of rejected null hypotheses according to Benjamini and
Hochberg (1995). To control the family-wise error rate, a
Bonferroni correction was applied to the post-hoc pairwise
comparisons. For the second heat of the males’ 400 m
event, the light flash from the start signal was not visible in
the video footages. Therefore, these ten races were ex-
cluded from a total of 320 races from the mechanistic anal-
ysis. Before the statistical analysis, outliers were removed
from the raw data if values were larger than three times the
standard deviation apart from the group mean (Field,
2013). Missing values were replaced with the mean of that
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particular heat (Field, 2013). From a total of 30,798 data
points, 72 outliers (0.23%) were excluded and 16 missing
values (0.05%) replaced with the nearby mean.

To quantify the effect of various race sections on
swimming performance, a stepwise regression analysis
was performed with race time as the dependent variable
and start time, turn time, swim velocity, SR, and DPS as
predictors. Based on standard procedure for analysis of
large sample sizes, normality was confirmed with stand-
ardized residuals showing a straight diagonal line across
the theoretical quantiles in the Q-Q plot (Field, 2013).
Pearson’s product-moment correlation coefficient was
used to relate start, turn, swim, and stroke parameters to
race time with coefficients < 0.1, 0.1-0.3, 0.3-0.5, 0.5-0.7,
0.7-0.9, and > 0.9 classified as trivial, small, medium,
large, very large, and excellent, respectively (Hopkins,
2002). Data are presented as mean + standard deviation
with an alpha-level <0.05 indicating statistical signifi-
cance. Analyses were performed with JASP statistical soft-
ware package version 0.14 (JASP-Team, University of
Amsterdam, Amsterdam, The Netherlands).

Results

Benchmarks and normative data derived from fastest and
slowest swimmers of each event are presented for start (Ta-
ble 1), turn (Table 2a, 2b), and swim performance (Ta-
ble 3a, 3b) across the 100 m, 200 m, and 400 m IM races
for both sexes and all swimming strokes (BU - BA - BR -
FR) involved in IM. The 15 m start time was faster for male
finalists for 100 m and 200 m but not 400 m races. Female
finalists showed faster start times across all race distances.

Comparing turn times between fastest and slowest
swimmers, analysis of variance revealed a significant main
effect for group for all events. Post-hoc test revealed that
female finalists showed faster turn times than the slowest
swimmers across all types of turns and all race distances.
Male finalists were also faster in all turns, except for the
BU to BA turn in 400 m IM. Comparing the three IM turns,
the BU/BA turn revealed faster turn times compared to

BA/BR and BR/FR turns. Male finalists showed faster
swim velocities compared to the slowest swimmers except
for BR during the 100 m race as well as BU and BA during
the 400 m race. Female finalists were faster than slowest
swimmers, with exception of BU and BR during the 100 m
race. Comparing swimming strokes, BU and FR showed
fastest swim velocities followed by BA. BR showed slow-
est swim velocities. SR and DPS did not differ between fi-
nalists and the slowest male and female swimmers. Com-
paring swimming strokes, BU showed the highest SR with
no difference between BA, BR, and FR. DPS was not dif-
ferent between swimming strokes of female finalists.
Slowest female 100 m IM swimmers showed lower DPS
for BU and BR compared to BA and FR.

Finalists showed significantly faster swim times
over all race distances. However, percent contribution to
race time of the start, turn, and swim section was not dif-
ferent between the fastest and slowest swimmers. For both
the fastest and slowest swimmers, percent contribution was
highest (significant main effect for race section, P < 0.001)
for turn (45.1-55.0%) followed by lower contribution for
swim (42.5-44.1%) and start sections (2.5-11.2%). Addi-
tionally, turn section contribution increased from 100 m to
400 m IM races (from 45.1 to 54.4%) while start section
contribution decreased (from 10.8 to 2.6%; Table 4).

Stepwise regression analysis explained 97 to 100%
of the dependent variable. Turn time had the largest effect
on race time, followed by swim velocity over all race dis-
tances for male and female swimmers. Start time affected
100 m and 200 m events only. Stroke parameters, i.e. SR
and DPS, had no effect on the regression model (Table 5).
Correlation analysis revealed very large correlations
(r>0.70) between start performance and 100 m and 200 m
race times in both sexes. In 400 m IM, start performance
correlated with race time in females only. Turn time and
swim velocity showed very large correlations (» > 0.70)
with race times of all distances and both sexes. While SR
showed no significant correlations, DPS revealed medium
correlations with race time in male swimmers (Figure 1).

Table 1. The 15 m start performances [s] with corresponding 5 m and 10 m split times of the eight finalists
(fastest) compared to the eight slowest swimmers from the heats by an unpaired t-test.

Fastest swimmers (n=8) Slowest swimmers (n = 8) P-value
5m 1.40 £0.05 1.53 £0.06 <0.001
100mIM 10m 3.16+0.12 3.73 £0.09 <0.001
15m 5.60 £0.14 6.49£0.16 <0.001
5m 1.42 £0.05 1.52 +£0.07 <0.01
Males 200 m IM 10 m 3.27+0.11 3.71£0.15 <0.001
15m 5.83+0.15 6.48 £0.21 <0.001
S5m 1.53 £0.04 1.56 £ 0.05 n.s.
400mIM 10m 3.59+0.17 3.64+0.11 n.s.
15m 6.41 £0.23 6.45+0.19 n.s.
5m 1.56 = 0.03 1.66 = 0.08 <0.01
100 m IM 10 m 3.71+0.11 426+0.31 <0.001
15m 6.49 +0.18 7.33+£0.52 <0.001
5m 1.60 £ 0.03 1.75£0.10 <0.01
Females 200mIM 10m 3.88+0.13 431+0.26 <0.01
15m 6.77+0.19 7.39+0.35 <0.001
5m 1.66 +£0.03 1.75+0.11 n.s.
400 m IM 10 m 4.03+0.15 4.34+0.23 <0.01
15m 7.07£0.15 7.54£0.21 <0.001
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Table 2a. Turn performances [s] from 5 m before to 5 m and 10 m after wall contact of the eight male finalists (fastest) compared to the eight slowest male swimmers from the
heats by a 2-way analysis of variance (ANOVA).

Type of turn ANOVA
BU to BA turn BA to BR turn BR to FR turn F-value P-value P
fastest 2.38+£0.08 3.24 4+ 0.17 BUBA 3.08 +0.11 BUBA (a) Faja=4 0.04 0.10
5min slowest 2.64+0.14 3.04 £ 0.26 BU/BA, BRFR 3.33+£(0.23 BUBA (b) Fola2=175 <0.001 0.78
() Folan=9 <0.001 0.29
fastest 2.48 +0.11 1.70 £ 0.10 * BU/BA, BRFR 2.51+0.09 (a) Fajay=177 <0.001 0.65
5 m out slowest 2.75+0.16 2.63 £0.39 2.79+0.14 (b) Fo42=30 <0.001 0.59
100 m IM (c) Fpole=15 <0.001 0.41
fastest 497+0.12* 470+ 033 * 5.09+0.12 * (a) Faa)=167 <0.001 0.80
10 m out slowest 5.64 +0.25 6.25 £ 0.35 5.63 £0.21 (b) Fola=2 n.s.
(c) Fol4)=20 <0.001 0.49
fastest 7.34+0.14 * 7.94 + (.42 * BUBA 8.17 £0.15 * BUBA (a) F(42)=160 <0.001 0.79
Total turn time ~ slowest 8.28 £0.25 9.29 + 0.27 BUBA 8.96 + (.35 BUBA (b) Faolay=41 <0.001 0.66
(c) Fole=4 0.02 0.17
fastest 2.62+0.14 2.93 £ 0.06 * BUBA, BRFR 3.29+0.05 * BUBA (a) Faa=78 <0.001 0.65
Smin slowest 2.79+0.12 3.23 4 (.14 BU/BA, BRFR 3.72 +£0.15 BUBA (b) Fo42)=186 <0.001 0.90
() Folan=35 0.02 0.18
fastest 2.61+0.11* 2.55+0.14 * 271 +£0.12 (a) Fa42=55 <0.001 0.57
5 m out slowest 2.87+£0.15 2.98 £0.18 2.92 £0.10 (b) Feola=1 n.s.
(c) Fole=3 n.s.
200 m IM fastest 522+0.16 * 5.77 + 0.40 * BUBA 5.52+0.15* (a) Fajay=112 <0.001 0.73
10 m out slowest 5.96 +0.22 6.76 £ 0.20 BU/BA, BRER 5.93+0.16 (b) Foa)=38 <0.001 0.64
() Folap=6 <0.01 0.23
fastest 7.84+0.24 * 8.70 &+ 0.4]1 * BUBA 8.81 (.17 * BUBA (a) Faa)=175 <0.001 0.81
Total turn time  slowest 8.75+£0.30 9.99 4+ 0.21 BUBA 9.65 +0.19 BUBA (b) Fola=15 <0.001 0.78
(c) Fole=3 n.s.
fastest 2.94 +£0.08 3.24 £ (.23 BUBA 3.44 £0.12 * BUBA (a) Fuja=32 <0.001 0.43
5min slowest 3.03+0.1 3.39 £ 0.09 BU/BA BRER 3.90 +0.16 BU/BA (b) Fola)=94 <0.001 0.82
() Fola=8 <0.01 0.27
fastest 2.89+0.15 2.76 £0.31 2.87+0.13 (a) Faje=9 <0.01 0.18
5 m out slowest 3.01 £0.18 3.01+0.26 3.03+0.12 (b) Fola=1 n.s.
(c) Fole=0 n.s.
400 m IM fastest 6.00+0.23 6.32 £ (.39 BRFR 5.80+£0.22 (a) Fajay=17 <0.001 0.29
10 m out slowest 6.25+0.30 6.72 & 0.16 BU/BA, BRIFR 6.07+0.21 (b) Foa)=21 <0.001 0.50
() Felan=0 n.s.
fastest 8.95+0.22 9.56 + (.45 * BUBA 9.24+0.21 * (a) Fuj42)=40 <0.001 0.49
Total turn time  slowest 9.29 +£0.32 10.11£0.17 BUBA 9.97 +£0.31 BUBA (b) Foia=25 <0.001 0.54
(c) Folan=2 n.s.

IM: Individual Medley, BU: Butterfly, BA: Backstroke, BR: Breaststroke, FR Freestyle, n.s.: not significant. (a) Main effect group: fastest vs. slowest swimmers (b) Main effect type of turn: BU to
BA turn vs. BA to BR turn vs. BR to FR turn (c) Interaction effect: group x type of turn Post-hoc comparisons: * significant difference to slowest swimmers BU/BA BABR.BRIFR gjonificant difference to
particular type of turn.
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Table 2b. Turn performances [s] from 5 m before to 5 m and 10 m after wall contact of the eight female finalists (fastest) compared to the eight slowest female swimmers from

the heats by a 2-way analysis of variance (ANOVA).

Type of turn ANOVA
BU to BA turn BA to BR turn BR to FR turn F-value P-value P
fastest 2.69 +0.09 2.94 £0.07 * BRIR 3.504+0.19 * BUBA (a) Fa42)=32 <0.001 0.43
Smin slowest 2.91+0.25 3.25 & (.22 BU/BA, BREFR 3.88 +£0.21 BUBA (b) Fo42)=96 <0.001 0.82
(c) Folap=1 n.s.
fastest 2.83+0.14 2.74+0.16 * 2.84+£0.07 * (a) Faa2)=62 <0.001 0.59
5 m out slowest 2.97+0.16 3.31+£0.26 BUBA 3.22+£0.11 (b) Fola=3 0.04 0.14
100 m IM (c) Fola=17 <0.01 0.25
fastest 5.54+0.08 * 6.38 £ (.22 * BU/BA, BRFR 5.83+0.18 * (a) Fa 4= 146 <0.001 0.78
10 m out slowest 6.26 +0.33 7.52 £ 0.3] BUBA BRER 6.47 £ 0.22 (b) Foia)=84 <0.001 0.80
() Folan=35 0.01 0.20
fastest 824 +0.15* 9.32 +£(.22 * BUBA 9.33 +£(.23 * BUBA (a) Faa)=116 <0.001 0.73
Total turn time  slowest 9.17+0.55 10.77 £ 0.47 BUBA 10.36 = 0.39 BUBA (b) Faa)=62 <0.001 0.75
(c) Fola=2 n.s.
fastest 2.96+0.07 * 3.30 £ 0.12 * BUBA, BRFR 3.76 + 0.06 * BUBA (a) Fa 42 =58 <0.001 0.58
S5min slowest 3.22 +£0.08 3.63 £ 0.16 BUBA BRER 4.05+0.23 BUBA (b) Foa)=152 <0.001 0.88
(c) Folan=0 n.s.
fastest 2.99 £0.08 2.75+0.18 * 3.00+0.13 * (a) Faa2)=44 <0.001 0.51
5 m out slowest 3.13+0.11 3.23+0.21 324 +0.13 (b) Folan=3 n.s.
200 m IM (c) Felan=6 <0.01 0.21
fastest ~ 6.20+0.16*  6.71 +0.3] * BUBABRIR 6.12+0.13 * (a) F(1142=185 <0.001 0.67
10 m out slowest 6.64 +0.26 7.54 £ (.28 BU/BA, BRER 6.67+0.16 (b) Foia)=54 <0.001 0.72
(c) Folen=3 n.s.
fastest 9.16+0.16 * 10.02 + (.28 * BUBA 9.88 + (.14 * BUBA (a) Faja=143 <0.001 0.77
Total turn time ~ slowest 9.86 £0.27 11.29 + (.42 BU/BA, BREFR 10.72 +0.26 BUBA (b) Fola=175 <0.001 0.78
(c) Felan=5 0.01 0.19
fastest 323+£0.15* 3.63 £ (.18 BU/BA, BRFR 4.00 £ 0.16 BUBA (a) Faa)=32 <0.001 0.43
5min slowest 3.58+0.16 3.88 £ (.18 BU/BA BRER 4.21+£0.17BUBA (b) Fea=170 <0.001 0.77
(c) Folan=1 n.s.
fastest 3.18+£0.21 3.04+£0.31 * 3.21+0.13 (a) Fa42)=28 <0.001 0.40
5 m out slowest 3.38+0.12 346+0.17 344 +£0.07 (b) Folan=1 n.s.
(c) Fola=2 n.s.
400 m IM fastest 6.68 +£0.31 * 7.11 £0.45 * BRFR 6.42+0.19 * (a) Faa=40 <0.001 0.49
10 m out slowest 7.13 £0.29 7.75 £ 0.22 BU/BA, BRAER 6.88+0.16 (b) Foia=31 <0.001 0.59
(c) Folap=1 n.s.
fastest 9.92+0.30 * 10.74 £ 0.55 * BU/BA 10.42 +£0.22 (a) Faja)=42 <0.001 0.50
Total turn time  slowest 10.72 £ 0.35 11.97 + (.87 BU/BA, BRFR 11.09 +0.28 (b) Foia=19 <0.001 0.47
(c) Folan=1 n.s.

IM: Individual Medley, BU: Butterfly, BA: Backstroke, BR: Breaststroke, FR Freestyle, n.s.: not significant. (a) Main effect group: fastest vs. slowest swimmers (b) Main effect type of turn: BU to
BA turn vs. BA to BR turn vs. BR to FR turn (c) Interaction effect: group x type of turn Post-hoc comparisons: * significant difference to slowest swimmers BU/BA BABR.BRIR gionificant difference to
particular type of turn
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Table 3a. Free-swimming parameters of the eight male finalists (fastest) compared to the eight slowest male swimmers from the heats by a 2-way analysis of variance (ANOVA).

Swimming stroke ANOVA
BU BA BR FR F-value P-value N
Swim velocity fastest 1.90 £0.07 * BA-BR 2 (08 + (.08 * BR.FR 1.31+£0.04 ™  1.87+0.08* (a) Fas6)=80 <0.001 0.59
[m/s] slowest 1.76 £ 0.09 BA.BR 1.64 +0.09 BR 1.39+0.06 FR 1.72 £ 0.05 (b) Fise =171 <0.001 0.90
(c) F1s56=35 <0.001 0.65
S fastest 59.6 + 1.6 BABR.FR 50.3+£24 49.7+6.1 50.8£2.7 (@ Fase=1 n.s.
100 m IM [bpm] slowest ~ 58.6+2.6 BABRFR 46.3+3.4 50.8+7.5 50.3+3.1 (b) F3is6)=22 <0.001 0.54
(c) Fiais6 =1 n.s.
fastest 2.02+0.04 2.17+0.16 BR 1.89 £ 0.22 FR 2.28 £0.09 (a) Fuis6y=9 <0.01 0.14
DPS [m/stroke]  slowest 1.87+£0.07 2.12+£0.19 BR 1.75+£0.28 FR 2.13+0.15 (b) Fais6)=18 <0.001 0.49
(c) Fiis6=0 n.s.
Swim velocity fastest 1.81 +£0.04 * BABRFR ] 634 (005*BRFR  138+0.02*FR 173+£0.03* (a) Fas56=95 <0.001 0.63
[m/s] slowest 1.70 £ 0.06 BA-BR 1.48 £0.05 BR-FR 1.30 £ 0.04 FR 1.62 +£0.05 Eb; F; |56) = 24219 <0.001 0.93
c (3156 = n.s.
Stroke rate fastest ~ 50.6 + 5.2 BABRFR 432+2.4 39.8+2.6 448 +2.1 (@ Fayse=0 n.s.
200 m IM ] slowest ~ 53.1 2.6 BA/BR.FR 40.3+2.2 414+59 437+2.38 Eb; 1;;3 |56) = 324 <0.001 0.64
c (156) = n.s.
fastest 2.13£0.05 2.23+0.11 2.19+£0.13 * 2.28+0.12 (a) Fayse)=18 <0.001 0.24
DPS [m/stroke]  slowest 2.00 +0.08 220+0.11 BR 1.93 £0.23 FR 2.17 £ 0.09 (b) F3is6)=9 <0.001 0.32
(c) Fiise)=2 n.s.
Swim velocity fastest 1.63 +£0.02 BA BR 1.47 £ 0.06 BR.FR 1.34£0.03*R  1,66+0.04* (a) Fs6)=50 <0.001 0.47
[m/s] slowest 1.61 +0.04 BABRFR 142 4 (04 BRFR 124+0.04™  1.54+0.04 Eb; Fos0=226 < 00.0001 1 g.g;
[ Fiaise=5 <0. .
Stroke rate fastest ~ 48.6+2.1 BABRIR 36.9+£3.8 R 344+£22 MR 41.7+2.6 (@ Fais6)=0 n.s.
400 m IM [bpm] slowest ~ 49.6 +2.5 BABRFR 373+ 1.1 345+2.7 R 39.8+24 (b) Fiise =104 <0.001 0.85
(c) Fiaps6 =1 n.s.
fastest  2.08 = 0.08 BA BR.FR 2.36+0.19 2.43+0.15 2.35+0.15 (@ Fayse=17 <0.001 0.24
DPS [m/stroke]  slowest 2.02£0.08 FR 2.23+0.05 2.22+0.13 223+0.11 (b) Faise=17 <0.001 0.47
(c) Fais=1 n.s.

IM: Individual Medley, BU: Butterfly, BA: Backstroke, BR: Breaststroke, FR: Freestyle, DPS: distance per stroke, n.s.: not significant. (a) Main effect group: fastest vs. slowest swimmers (b) Main
effect swimming stroke: BU vs. BA vs. BR vs. FR (c) Interaction effect: group x swimming stroke Post-hoc comparisons: * significant difference to slowest swimmers BY:BA BR-FR gionificant difference
to particular swimming stroke
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Table 3b. Free-swimming parameters of the eight female finalists (fastest) compared to the eight slowest female swimmers from the heats by a 2-way analysis of variance (ANOVA).

Swimming stroke ANOVA
BU BA BR FR F-value P-value >
Swim velogiry | Tastest 1.67 +0.10 BR 1.64 +0.05 * BR 134+£005™ 1.69+0.10* (a) Fa;s0=46  <0.001 0.45
W [HY/S] " slowest  1.61+0.10 BABR 1.44 + 0.09 BR 1234005 1554006 (b) Fais9=69  <0.001 0.79
(c) Fiise)=2 n.s.
Stroke rat fastest  61.8 + 3.0 BABR IR 496+24 504+38 521+45 (@ Faiso=11 <001 0.17
100 m IM r[%pilrf € slowest 61.0+2.9BABRR 44.6 5.7 46.3+6.5 46.6+58 (b) Fase=34  <0.001 0.65
(c) Faise =1 n.s.
fastest 1.69 +0.08 1.97 £0.10 1.65+0.10 1.97£0.14 (a) Fays6=0 n.s.
DPS [m/stroke]  slowest  1.63 +0.13 BAFR 1.99 +0.26 BR 1.65+030F  206+029 (b) Faiso=16  <0.001 0.46
(c) Fiis6=0 n.s.
Swim velociy  AStest 162003 FPABR 1455004 F BRIR 1255002 %™ 1.57£0.03% (@) Fujsg=118 <0001 0.68
Wm[“nVJ;]OC‘ Y slowest 1.5340.04 BABRFR | 3] 4 (04 BRFR 1.16 £0.06 'R 145+0.05 (b) Fois9=273  <0.001 0.94
(c) Faiso=1 n.s.
Stroke rat fastest  54.7 + 3.4 BABR R 40.7+45 40.8£3.1 444519 () Fajs9=6 0.02 0.10
200 m IM r[‘;p;r]a ¢ slowest ~ 52.3 4 3.7 BABR.FR 382426 37.6+4.4 43.1+59  (b) Fas9=47  <0.001 0.72
(c) Fiise=0 n.s.
fastest 1.84 +£0.11 2.13+£0.19 1.90 +0.17 2.09+0.11 (a) Fase=1 n.s.
DPS [m/stroke]  slowest 1.82+0.13 2.04+0.11 1.90 + 0.24 203+026 (b))  Faise=8  <0.001 0.29
(¢) Fiis6=0 n.s.
Swim velociy | Tastest  L.ST0.02 ¥ PABR 1355006 BRIR 1195003 F ™ 1.52£0.04% (a) Fujsg=74 <0001 0.57
Wm[anvZ]OCI Y slowest  1.42+0.03 BABR 1.25 + 0.05 BR-FR LI2+0.03FR  143+£005 (b) Fgase=229 <0.001 0.92
(c) Fiise=0 n.s.
Stroke rat fastest  50.0 + 4.3 BABR R 37.0£4.1 36.5+43 413+32 (@  Fa;se=1 1.s.
400 m IM r[% fnr]a ¢ slowest ~ 49.5+ 5.3 BA.BR.FR 352+4.0 34.6 4.0 FR 422+58 (b) Fas9=35  <0.001 0.66
p (c) Fiise=0 n.s.
fastest 1.86 £ 0.16 213+022 2.02+025 213+£0.15 (a)  Fus9=2 n.s.
DPS [m/stroke]  slowest 1.77£0.15 2.09 +0.22 2.01+0.21 198+024 (b)) Faise=6  <0.001 0.26
(c) Fiis6=0 n.s.

IM: Individual Medley, BU: Butterfly, BA: Backstroke, BR: Breaststroke, FR: Freestyle, DPS: distance per stroke, n.s.: not significant. (a) Main effect group: fastest vs. slowest swimmers (b) Main
effect swimming stroke: BU vs. BA vs. BR vs. FR (c) Interaction effect: group x swimming stroke Post-hoc comparisons: * significant difference to slowest swimmers

to particular swimming stroke

BU, BA, BR, FR

significant difference
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Table 4. The %-contribution of total race time of the start, turn, and free-swimming (swim) section of the eight finalists (fastest) compared to the eight slowest swimmers from the heats
by a 2-way analysis of variance (ANOVA). Race times between fastest and slowest swimmers were compared with an unpaired t-test.

Race time Contribution to total race time [%] ANOVA
[mm:ss.00] Start Turn Swim F-value P-value >
fastest  00:52.00 +00.50 *  10.8 £ 0.3 Tum. Swim 45.1 £ 0.8 Svim 441+1.0 (a Fajan=0 n.s.
100 m IM slowest  00:57.75 +01.22 11.2 + 0.2 Tum, Swim 45.9 £ (.5 Swim 42.8+0.5 (b) Fria=16299 <0.001 1.00
(c) Fola=14 <0.001 0.40
fastest 01:53.05 +£01.26*  52=+(.] Tum Swim 51.0 +£ 0.5 Swim 43.8+0.5 (@ Faja=0 n.s.
Males 200 m IM slowest 02:04.06 + 01.48 5.2 4 (.] Tum, Swim 51.8 + 0.4 Swim 43.0+0.4 (b) Frla=67941 <0.001 1.00
(c) Fpola=21 <0.001 0.49
fastest 04:05.47 £02.18*  2.6+0.] Tum Swim 54.4 £0.6 SVim 43.0+0.7 (a Fajan=0 n.s.
400 m IM slowest  04:19.50 +04.03 2.5 4 @) 1] e, S 54.5 £0.3 Svim 43.1+0.3 (b) Fria2=65334 <0.001 1.00
(c) Folap=0 n.s.
fastest  00:58.74 £00.87*  11.0 & 0.2 Tum Swim 45.8 £ 0.4 Swim 432+0.5 (@) Fajap=0 n.s.
100 m IM slowest  01:05.48 +03.07 11.2 £ 0.3 Tum, Swim 46.3 £(.2 Svim 42.6+0.3 (b) Fr|a=47101 <0.001 1.00
(c) Folap=11 <0.001 0.33
fastest 02:07.75 £01.71* 53 +(.] Tum Swim 51.7 £0.3 Svim 43.0+0.4 (@ Faja=0 ns.
Females 200 m IM slowest  02:18.66 +02.01 5.3 + (.2 Tum, Swim 51.7 +£ 0.6 S¥im 42.9+0.8 (b) Fria2=42914 <0.001 1.00
(c) Folap=0 n.s.
fastest 04:32.41 +£04.42*  2.6+0.0 Tum Swim 54.7 + 0.5 Swim 42.7+0.6 (@ Faja=0 n.s.
400 m IM slowest 04:51.61 +05.02 2.6 £ (.] Tum, Swim 55.0 +£ 0.5 Swim 42.5+0.5 (b) Frja=66349 <0.001 1.00
(c) Fola=1 n.s.

IM: Individual Medley, n.s.: not significant. (a) Main effect group: fastest vs. slowest swimmers (b) Main effect race section: start vs. turn vs. swim (c) Interaction effect: group x race section Post-hoc
comparisons: * significant difference to slowest swimmers St Tum: SWim gjonificant difference to start, turn, or swim section.
Table 5. Mechanistic analysis of the effect of the 15 m start time, mean total turn time (5 m before to 10 m after wall contact), mean free-swimming velocity, mean stroke rate, and mean
distance per stroke on Individual Medley (IM) race time as the dependent variable using stepwise regression analysis with all participants of each event.

Regression model Regression coefficients

Entries R square  F-value P-value Beta T-value  P-value
Turn time [s] 0.53 T=11 P <0.001
100 m IM Swim velocity [m/s] 70 0.98 Fii66=1013 P <0.001 -0.34 T=-12 P<0.001
Start time [s] 0.19 T=5 P <0.001
Males Turn time [s] 0.65 T=32 P <0.001
200 m IM Swim velocity [m/s] 59 0.99 F355=3055 P <0.001 -0.36 T=-21 P <0.001
Start time [s] 0.04 =3 P =0.009
Turn time [s 0.78 =16 P <0.001
400 m IM o elocity [mgs} 26 097 Fajzy=313 P=0001 " 79 71—  P<0.001
Turn time [s] 0.63 T=26 P <0.001
100 m IM Swim velocity [m/s] 73 0.99 F31e9)=3181 P <0.001 -0.28 T=-15 P<0.001
Start time [s] 0.14 =17 P <0.001
Females Turn time [s] 0.57 T=19 P <0.001
200 m IM Swim velocity [m/s] 46 0.99 F3142)= 1858 P <0.001 -0.42 T=-18 P<0.001
Start time [s] 0.06 T=3 P =0.006
400 m IM Turn time [s] 36 1.00 F33=3791 P <0.001 0.58 =27 P <0.001
Swim velocity [m/s] -0.46 T=-21 P <0.001
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Figure 1. Correlation analysis of 15 m start time, mean total turn time (from 5 m before to 10 m after wall contact), mean free-swimming velocity, mean stroke rate, and mean distance per
stroke with Individual Medley (IM) race time for male (black markers) and female competitors (grey markers) of each event.
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Discussion

The present study provides benchmarks and normative data
for fastest (finalists) and slowest European Championship
participants regarding start time (5 m, 10 m, and 15 m split
times), turn time (5 m in, 5 m out, and 10 m out split times
as well as total turn time), swim velocity, SR, and DPS
across all swimming strokes involved in IM (BU - BA - BR
- FR), both sexes (males - females), and all short-course IM
race distances (100 m - 200 m - 400 m). Finalists showed
faster start times, turn times, and swim velocities than the
slowest swimmers from the heats. However, the two
groups did not differ regarding SR and DPS. Section anal-
ysis revealed fastest times for BU/BA turns. Fastest swim
velocities were found for BU and FR followed by BA and
BR. SR was highest for BU with no difference between
BA, BR, and FR. While percent contribution was not dif-
ferent between fastest and slowest swimmers, ANOVA re-
vealed largest percent contribution for turn (45.1 - 55.0%)
followed by lower contribution for swim (42.5 - 44.1%)
and start sections (2.5 - 11.2%). Using stepwise regression
analysis, turn performance revealed the largest effect on
race time followed by swim velocity. Start time affected
100 m and 200 m events only. While SR showed no signif-
icant correlations, DPS revealed medium correlations with
race time in male swimmers.

Compared to long-course events (50 m pool
length), in which turn performance contributed up to 20%
of race time (Morais et al., 2019), the increased number of
turns in the present short-course races increased percent
contribution of turns up to 45%. Additionally, correlation
analysis revealed excellent correlations (r>0.93,
P <0.001) of turn performances with race times. In the re-
gression model, beta coefficients showed a larger effect of
turn performance on race time compared to swim perfor-
mance (f>0.53 and f>-0.28, respectively). While turn
times were measured across 15 m (5 m before until 10 m
after wall contact) and swim times across the remaining
10 m per lap, the faster turn velocities after push-off from
the pool wall (2.96 = 0.14 m/s) that were beyond free-
swimming speed (1.41 £ 0.06 m/s) may have contributed
to the large effect of turn times in the regression model
(Olstad et al., 2020). Basically, the fluid characteristics of
water that reduce movement efficiency far below that of
on-land activities (Zamparo et al., 2020). In contrast, the
pool wall provides a solid base for the swimmer’s push-off
during the turn and swimmers can utilized the explosive
strength of their lower limbs (Nicol et al., 2021). Addition-
ally, swimmers transfer propulsion gained from the wall
push-off to full-stroke swimming by utilizing undulating
kicking (Zamparo et al., 2012) and benefit from lower drag
forces during prolonged underwater phases (Tor et al.,
2015). The benefits associated with the greater number of
turns in short-course races, result in 4.3 + 3.2% faster race
times compared to the same IM event held in a long-course
pool (Wolfrum et al., 2014) and emphasizes the importance
of the acyclic phases, i.e. turn performance, in IM swim
races. If training regimes that prepare for short-course
races and are mainly based on a high volume of low inten-
sity swimming and conditioning of free-swimming skills
(Nugent et al., 2017; Pollock et al., 2019), an addition of a

substantial volume of race-pace specific turn drills should
possibly be considered. Specific on-land strength and con-
ditioning programs are discussed to build the necessary
lower body power for the repeated wall push-offs involved
in turns (Crowley et al., 2018).

Male finalists had significantly faster start times
than the slowest swimmers for 100 m and 200 m but not
400 m IM. With the significant lower percent contribution
of the start (< 3%) compared to the turn and swim sections
(> 40%) in 400 m IM races, there was no effect of start per-
formance in the regression model. A similar effect has pre-
viously been reported in males’ 100 m, 200 m, and 400 m
FR short-course races, where start time contribution de-
creased the longer the distance (Born et al., 2021). How-
ever, the start may affect the subsequent free-swimming
section despite its low percent contribution. While the FR
section would be expected to show the fastest swim veloc-
ities based on the better movement efficiency (Barbosa et
al., 2006), the high velocity transferred from the start to the
free-swimming section (Gonjo and Olstad, 2020b) may ex-
plain faster or equally fast swim velocities in the BU com-
pared to the FR section of the present and previous IM
swimmers (Saavedra et al., 2012).

While the effect of start performance decreased in
the regression model the longer the race distance, turn per-
formance revealed a high importance across all race dis-
tances and showed excellent correlations with race time.
Comparing the various types of turns, fastest times were
found for the BU/BA turns which may result from positive
pacing strategies applied in IM races (Saavedra et al.,
2012). The positive pacing strategy was in particular evi-
dent in the slowest 400 m IM swimmers showing turn
times and swim velocities that were equally fast as the fi-
nalists’ during the first half of the race but significantly
slower during the second half of the race. Therefore, a more
conservative pacing strategy and adequate energy distribu-
tion across the entire race may provide an important key
indicator (Saavedra et al., 2012) in addition to maintenance
of swim velocity and fatigue resistance (McGibbon et al.,
2018).

BR showed slowest swim velocities. However, un-
like the other swimming strokes, there was no difference
between finalists and slowest 100 m IM swimmers regard-
ing swim velocities. Generally, BR shows different char-
acteristics to the other swimming strokes. As such, loss in
velocity throughout the race is most pronounced in BR
(McGibbon et al., 2018; Menting et al., 2019), possibly due
to lower mechanical efficiency resulting in higher energy
expenditure compared to the other swimming strokes
(Barbosa et al., 2006; Zamparo et al., 2020) and important
technical aspects such as intra-cyclic velocity fluctuation
being related to the performance level (Takagi et al., 2004).
As most IM swimmers are no BR specialists, during short-
course races the expected loss in swim velocity may be
compensated by the repeated push-off the pool wall with
each turn. With the largest percent contribution to IM races
(Saavedra et al., 2012), BR may therefore provide a poten-
tial for future performance improvements in IM races.

Compared to the other parameters, i.e. start, turn,
and swim time, SR and DPS were of minor importance and
showed no effect in the regression model. While SR
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revealed no significant correlations, DPS showed a me-
dium effect on race times in male swimmers and may be of
higher practical relevance when assessing stroke mechan-
ics in training and competition despite its limited effect in
the regression model. When comparing DPS with 200 m
single stroke specialists as reported previously, 200 m IM
swimmers from the present study showed very similar val-
ues for BU(1.85+0.15m vs. 2.13£0.05m),
BA (2.18+0.15m vs. 223+ 0.11 m), BR (2.01 £0.24 m
vs. 2.19+£0.13m), and FR(2.18+£0.17m vs.
2.28 £0.12 m), respectively (Hellard et al., 2008). Yet, fu-
ture studies may identify potentials for further develop-
ment in IM swimming performance by comparing section
elements of IM to single stroke events of the corresponding
distance.

Previous studies provided unique insights into
100 m short-course BU and BR races and various types of
turns in controlled laboratory studies (Gonjo and Olstad,
2020b; Nicol et al., 2021; Olstad et al., 2020). In accord-
ance with these articles and previously reported breakout
distances at about 10 m (Morais et al., 2019; Veiga and
Roig, 2016), in the present study turn performances were
assess up to 10 m after wall contact despite the regulatory
limit of the underwater phase at 15 m (FINA, 2021). Addi-
tionally, the final 5 m before wall are commonly included
in the turn performance as well to account for the body ro-
tation in BA and FR and adjustments of stroke mechanics
when anticipating the pool wall. Previous studies used in-
dividualized distance measurements to isolate turn perfor-
mance more accurately from the free-swimming section
(Veiga et al., 2014; Veiga et al., 2013). This is of particular
importance for swimmers with underwater phases beyond
10 m after wall contact as swimming velocities underwater
and shortly after the breakout are faster than mean free-
swimming velocity (Tor et al., 2015; Veiga and Roig,
2016; Veiga and Roig, 2017). Despite the advantages of
individualized distance measurements for scientific pur-
poses, the first aim of the present study was to establish
practically relevant benchmarks for coaches and swim-
mers. Fixed distance measures are still the method of
choice for most coaches, to evaluate performance progres-
sion of start and turn times during daily training routines
with minimal equipment necessary, i.e. stop watch. There-
fore, benchmarks were established with fixed markers 5 m
before and 10 m after wall contact.

Conclusion

Based on the largest percent contribution to race time and
the largest effect in the regression model, which explained
97 - 100% of race time, stepwise regression analysis re-
vealed turn performance as distinguishing factor. As turn
times and swim velocities only differed between fastest and
slowest male swimmers in the second half of the race, pac-
ing and fatigue resistance seem to be important perfor-
mance indicators for 400 m IM. With largest contribution
to race time, slowest swim velocities, and missing differ-
ence between fastest and slowest 100 m IM swimmers, BR
may provide largest potential for future development in IM
race times. Correlation analyses revealed that DPS rather
than SR is a performance indicator and may be used by

coaches and performance analysts to evaluate stroke me-
chanics despite its more complex assessment. Performance
analysts, coaches, and swimmers may use normative data
from the present study regarding start, turn, and swim per-
formance of 100 m, 200 m, and 400 m short-course IM
events, to establish minimal and maximal requirements for
European Championship participation and to create spe-
cific drills in practice.
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Key points

e Turn performance, in addition to swim velocity, was re-
vealed as distinguishing factor of international swim
races.

e Coaches and performance analysts should use bench-
marks and normative data provided here to establish min-
imal and maximal requirements for European Champion-
ship participation and to create specific drills in practice.

e Breaststroke may provide potential for future develop-
ment of Individual Medley race times.

e Distance per stroke rather than stroke rate should be used
to evaluate stroke mechanics, despite its more complex as-

sessment.
AUTHOR BIOGRAPHY
P—— Dennis-Peter BORN

Employment

Swiss Swimming Federation, Section
for High-Performance Sports, Bern,
Switzerland and Swiss Federal Institute
of Sport Magglingen, Department for
Elite Sport, Magglingen, Switzerland
Degree

PhD

Research interests

Applied exercise physiology in endur-
ance sports. In-field science in swim-
ming. Strength and Conditioning.
E-mail: dennis.born@swiss-aquatics.ch
Michael ROMANN

Employment

Swiss Federal Institute of Sport Mag-
glingen, Department for Elite Sport,
Magglingen, Switzerland

Degree

PhD

Research interests

Talent selection and development.
E-mail:
michael.romann@baspo.admin.ch
Thomas STOGGL

Employment

University of Salzburg, Department of
Sport and Exercise Science, Salzburg,
Austria. Red Bull Athlete Performance
Center, Salzburg, Austria

Degree

Univ. Prof. Mag. Dr.

Research interests

Sensor and wearable technologies in
various settings of sport science (Digital
Sports, Digital Motion). Physiology and
biomechanics in various sport settings
from sedentary to the elite athlete; train-
ing intensity distribution and training ef-
fects of various endurance training pro-
grams among elite endurance athletes;
Exercise physiology, performance diag-
nostics and training therapy

E-mail: thomas.stoeggl@plus.ac.at

D< Dennis-Peter Born, PhD
Swiss Federal Institute of Sport Magglingen. Department for Elite
Sport Hauptstrasse 247, 2532 Magglingen, Switzerland.



