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Abstract

Among the different factors affecting the outconfeébite rowing competitions pacing strategy
plays a relevant role. The purpose of this studg teaanalyse the race profiles of youth athletes
competing at the 2014 Youth Olympic Games ovestadce of 1000-m.

According to the competition outcome of sculling ameeep events, 96 youth (17-18 years) rowers
(48 male and 48 female) were divided in winner (WQf winner (NW), qualified (Q) and not
gualified (NQ) athletes. Time during the 1000-meraistance was considered at 0-500m (T1) and
500-1000m(T2). The average speed for T1 and T2 wermalized in relation to the average speed
of the whole race. In both sexes, W rowers showeghen (p>0.05) T2 values (100.8+0.9%) with
respect to T1 (99.2+0.9%) ones. Female athletesesth@a higher (p<0.05) T1 with respect to T2 in
NW, Q and NQ, whereas male athletes exhibited henigl (p<0.05) than T2 speed only in NQ.
Whilst to be admitted to the final phase of the petition the rowers tended to favour a positive
race strategy (88%), during the final phase a wdiffee (p=0.43) emerged for outcome, with the
majority of medallists (67%) adopting a negativeeratrategy. These results suggest that winners
have applied a different race strategy comparet thié other groups in consequence to a higher

efficiency of anaerobic metabolism.
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Introduction

In 1900 men’s rowing was included in the Summern@dic Games, with women’s events
introduced in 1976. Furthermore, since 2010 menékvaomen’s rowing events are also included in
the Youth Olympic Games. The Fédération Internafi®mes Sociétés d’Aviron (FISA), rules the
International rowing events at senior and youttelevencompassing sculling and sweep rowing
competitions (10). Whilst sculling rowing requirathletes to use two oars pulled simultaneously,
athletes engaging in sweep rowing use only onelgarticular, sweep-rowing competitions could
include a cox to help rowers maintaining the beataiproper direction and informing about the
tactic of the race. In general, FISA recognizdsat classes for sculling (i.e.; Single 1x; Double
2x; Quadruple 4x) and 5 boat classes for sweepngJiie., Pair 2-; Coxed Pair, 2+; Four, 4-;
Coxed Four 4+; and Eight; 8+), with Internation&emets varying for the number and boat class
competitions (10). In particular, for youth competa distances shorter than 2000m are organized
(21). During the Naijing 2014 Youth Olympic Gamesevents were organized over a 1000m
distance: 1) male junior single scull (i.e., 1xJ@));male junior two coxless (i.e., 2-Jm); 3) female
junior single scull (i.e., 1xJf); 4), and femalaior two coxless (i.e., 2-Jf). To assign the medails
the 1xJ events, 8 heats, 8 repéchages, 4 semijfimads a final-A were organized, whereas the
relative picture for the 2-J events included 4 siedtrepéchages and a final-A.

In the literature, information on the demandsho$ tsport regards mainly the physiological
responses to simulated senior 2000m competitior&7)8fitness characteristics of elite (land
youth (6,22) athletes. More recently, race patteohsofficial elite competitions have been
investigated to highlight the athletes’ managemeneffort regulation and specific tactics (4,
13,19,24). Indeed, being rowing a distance-based,dhe race strategy has a significant impact on
the finishing position, which is often determineg arginal time differences between the
medallists. The athlete’s capability to adminidtastically his/her energy resources throughout the
race distance in relation to the opponents andremwiental conditions is crucial to finish in the

fastest possible time (14,28) and for winning arwomning rowing outcomes (4,13).
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Thus, information deriving from the analysis ofe@atrategies during high-level competitions likely
provides coaches and athletes more prior experigntetter understand the race strategy and to
regulate efforts in future competitions.

In general, taking into account the athlete’s p@anance during intermediate 500m distances
of a race, different types of race profiles coull dbserved (1,14,28): 1) “negative”, when an
increase in speed is observed; 2) “positive”, wheattecline in speedccurs; 3) “even”, when the
speed is maintained stable throughout the ract) 4haped”, when a powerful start is followed by
declines in speed and a final increase in veladityng the last phase of the race. In rowing, race
strategies may depend on the athletes’ capabijligigserience, and/or on the tactics suggested by
the trainer in relation to the opponents and therenmental conditions (4).

Surely, training adaptations (9,31) and rowing eigmee (4,14rontribute to the athlete’s
capability to maintain powerful phases during tleving race and to adopt effective tactical
strategies to preserve energies to perform theeréiit phases of the rowing competitiom.
particular, successful elite female and male rowersicipating in the 2000 Olympic Games, and in
World Rowing Championships tended to adopt a pasi#,13,24), which could be attributed to the
athletes’ initial powerful phase with a successi@mv down throughout the race, probably due to a
variation towards the aerobic energy distributib#)(or to a deliberate tactical decision to preserv
energies for later race segments to counteracttesleprogresses of other competitors (24).
Regardless the sex of the athletes, boat type,rbokt and race phase (e.g., heats vs finalshaa fi
spurt at the end the race was particularly obsedwwihg the 2008 Summer Olympic Games,
especially evident in the last quarter during timalfraces when athletes attempt to win medals
competing with the best rowing teams (24). Conugyselite, national and sub-elite rowing
competitive levels showed a similar effort manageirduring intermediate sectors whereas fast

starts characterized the elite level and markedspuudts occurred at national-and sub-elite levels

(4).
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Despite International competitions for youth atb$etare organized at local, regional,
national and international levels, the lack of stifec information on race strategies of youth
official races may affect the coaches’ capabilayptan proper strategies aimed at promoting the
potential of talented athletes. Therefore, the ainthe present study was to compare the race
strategies of young rowers during the 2014 Youtingpic Games. It has been hypothesized that
performance outcomes of youth men’s and women’'sereveompeting in different boat classes
might vary in relation to different race strategiesoughout the different phases of the competition
(e.q., heats, repéchages, semifinals and finaleAs)y This aspect is deemed particularly important
because rowing competitions are elimination races] competitors tend to save their best
performance for the final race. Therefore, the gméstudy could provide novel data to inform
scholar and coaches on the athletes’ managemeffodfs in relation to the competition phases.
Methods
Experimental design
This study considered the analysis of the raceegtyaof 1000m distance competitions during the
Youth Olympic Games as a valuable research apptoacivestigate rowers’ performance of
talented athletes. According to the literature8(4 the official final and intermediate split timts
cover 500m sectors (e.g., T1: 0-500m; and T2: 5000Mn) of the race were considered the
experimental variable for performance. To allow pamison of race profiles T1 and T2 were
normalized by calculating the average speed fdn sactor expressed as percentages of the average
speed of the whole race. Although, it seems reddena hypothesize that the race dynamics are
influenced by the environmental conditions durihg tlifferent phases of the 2014 Youth Olympic
Games, previous studies on elite rowing compestidm not consider this variable due to a lack of
available official information. To participate iheg Youth Olympic Games, athletes were selected
mainly during the World Rowing Junior Championshipgh additional five Continental

Qualification Regattas (10).
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Procedures

Archive data were collected from the official siwé FISA (http://www.worldrowing.com). All
official results reported in this Web domain weeearded for both male and female races. Ninety-
six youth (17-18 years) rowers (48 males and 48&feg) from 46 nations participated in the 2014
Youth Olympics Games. Overall, results of rowingvester Competitions included 72 boats.
Figure 1 shows a schematic representation of tmepettive phases and the number of boats
included in the study. The ranking of the boats timeés over the first (T1) and last (T2) 500m of
the race sectors were considered. Furthermoremtan speed for was calculated T1 and T2 to
provide insight useful for training. In fact, co@shconsider speed as a training parameter when

planning indoor rowing and on water training sessio

Statistical analysis

Means and SDs were calculated for each of the sedlyariables. Statistical significance was set at
p <0.05. Before using parametric statistical tesicedures, the assumptions of normality and
sphericity were verifiled. A 2 (sex: females vs malg 2 (outcome: qualified vs not-qualified)
ANOVA for repeated measures was applied to perfagesa of 1xJ qualifying competitions. The
performances to access the finals of the 1xJ (gegnifinalists) and 2-J (e.g., winners of the heats
and repéchages) competitions were analysed by noé@n2 (sex: females vs males) x 2 (outcome:
FB vs NFB) x 2 (boat: 1xJ vs 2-J) ANOVA for repeht@measures. Finally, performances of the
medalist (M) and not-medalist (NM) rowers duringe teemifinal and final competitions phases
were compared by means of a 2 (sex: females vssijmal2 (outcome: M vs NM) x 2 (boat: 1xJ vs
2-J) ANOVA for repeated measures. If the overalést was significant, post hoc Fisher protected
least significant difference comparisons with Bordai corrections were used. To provide

meaningful analysis for significant comparisongriremall groups, Cohen'’s effect sizes (ES) were
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also calculated, considering trivial E®.2, small ES=0.3-0.6, moderate=A2, and large ES
>1.2. Chi-square test was applied to positive arghiiee strategies for the qualifying, s and final
phases of the competition.

Results

The 1xJ heats included 24 female and 24 male rowesslting in 8 female and 8 male qualified
athletes for the semifinals (Q), whereas 20 fenwmte 20 male athletes participated in the
repéchages, which resulted in additional 8 femate&male Q rowers. Final-A 1xJ races included
6 female and 6 male rowers, resulting in 3 femaleanddl 3 male NM athletes. The 2-J heats
included 24 female and 24 male rowers, resulting fiemale and 4 male Q athletes, whereas 20
female and 20 male athletes participated in thédlepges, which resulted in additional 8 female
and 8 male Q athletes. Final-A 2-J races included@einale and 12 male rowers, resulting in 6 M
and 6 NM athletes for both sexes.

For the qualifying phase of the 1xJ races, a diffee (ki 44757.76, p<0.001; ES=0.75)
emerged only between competition sectors, with dnigtalues for T1 (101.9+£1.7%) with respect to
T2 (98.1£1.7%). Similarly, for the performancesdccess the finals phase of the 1xJ and 2-J, a
difference (k1, 40731.8, p<0.001; ES=0.57) was found between competgectors, with highest
values for T1 (101.6+£2.3%) and lowest for T2 (924&820). Furthermore, a significant interaction
(Fa, 40710.9, p=0.002) was shown only between competsiectors x sex x outcome x boat (Fig.

2). However, post-hoc analysis with Bonferroni ectrons did not confirm differences.

For the final phase of the 1xJ and 2-J competitions main effect was found. Significant
interactions between competition sectors Xx outcofRg, 16~=10.6, p=0.005) and between
competition sectors x sex x outcome x boat (5=4.9, p=0.041) emerged. When the performances

of the medal winner (MW) and not-medallist (NM) ress during the semifinal and final
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competitions were compared, a main effect was foonly between race sectorg; Fs=10.9,
p=0.005,; ES=0.45). Furthermore, significant intéoms emerged for sectors x outcomey (F
167=8.0, p=0.012), sectors x competition phase, (=21.1, p<0.001), sectors x outcome X
competition phase (F16=6.5, p=0.022), sectors x outcome x competitionsphasex (f, 1654.6,
p=0.047), sectors x competition phase x sex X ljbat 16~14.5, p=0.002), and for sectors x
competition phase x outcome X sex x boah (f5=6.0, p=0.026). Only the highest level of
interactions was analysed further because it irdutie lower level interactions (Fig. 3). Post-hoc

analysis with Bonferroni corrections did not confidifferences.

Whilst to be admitted to the final phase of the pefition the rowers tended to favour a positive
race strategy (88%), during the final phase a wiffee (p=0.43) emerged for outcome with the
majority of MW (67%) adopting a negative race sggt(Fig. 2).

Table 1 show the average speedsfifor T1 and T2 relative to the 1x and 2- femald an
male performances during qualifying and final plsasiethe competition. In the preliminary phases,
the highest speed resulted always in T1, with etk always showing higher values with respect
to their NQ counterparts. In particular, NM main&a this trend also for the final phase. With the
exception of male 1x athletes, M showed a higheedwith respect to NM in T1 with a further

increase during T2.
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Discussion

Due to the reduced distance of Youth Olympic Garfeg., 1000m) with respect to elite
competitions (e.g., 2000m), in the present studyrfite strategy of the athletes was evaluated only
from the performances at the end of the first awbsd 500m segments. Independently from their
sex, the present findings indicated that youth rgveecessing the Final-A of the Youth Olympics
Games tend to decrease the speed of their boafgthoat the race. Conversely, medal winners tend
to increase the boat speed in the second phase ohte, despite a lack of statistical significance
To note, outstanding sport performances might @ath a statistical significance, yet maintaining a
relevant athletic importance for achieving a medal.

To meet the ultimate goal to end the race withféiséest time, rowers have to rely on their
physiological, psychological, technical and tadticapabllities in relation to environmental factors
(18). At elite level, rowers tend to show . stableysiblogical and performance characteristics
overtime (29), and a similar and consistent rowtechnique at all stroke rates (7). Furthermore,
elite female and male rowers adopt a similar ftest Strategy with a decrease in speed during the
subsequent second and third sectors and a conyadyataster final sector (13,24). Whilst the
literature on junior rowers reports a steady inseeaf physiological capabilities from maturation to
elite status (19,22) and a certain variability ethinical parameters with intensity of rowing (@),
our knowledge this is the first study that examitteel race strategy in elite rowers participating in
the Youth Olympic Games. Generally, also intermatloyouth rowing competitions are organized
over a 2000m distance (e.g., Continental and Waddior Championships), whereas national
competitions (21) and the Youth Olympic Games @@ompass reduced distances (e.g., 1000m
and 1500m). This reduction could be due to avbad young athletes be exposed to an excessive
psychophysiological strain (5,23). The presentyalld provide information on a series of useful

indications to assist coaches in the optimizatibrowing performances of their youth athletes.
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In adults, the estimated energy contribution tcoagalish the 2000m rowing race is 75% for
the aerobic metabolism and 25% for the anaeroles ¢15), the latter being crucial during the
initial phase (e.g., 40-60 s) of the race whernrtivéng stroke and the speed of the boat tend to be
higher with respect to the remaining sectors, amthd the last portion of the race when an
increase in stroke rate and in boat velocity issoled for the final sprint (27). Therefore, it daa
assumed that a distance of 1000m would requirereestat larger anaerobic contribution, yet
young athletes are known to rely more on an aenoiei@bolism than is typically the case for adults
(3,20,21,25). In other cyclic sports (e.g., runnicgeling, speed skating), an optimal race strategy
has to be settled in relation to the duration efekercise bout (11), with a fast start followedaby
progressive slowing being considered optimal fams lasting <110s (9,31), and an even pace
supposed more beneficial during events of longeattan (16). In this study, the on-water 1000m
races were accomplished within 190-240s, with ciffie race strategies adopted in the heats and the
Final-A of the competitions. Similar to elite attde competing in races lasting 120-290s (12),
during the heats and repéchages the youth atlgetésrmed a fast start and decreased their speed
during the last sector. It could be speculatedttirahigh initial power output might have
determined an initial metabolic acidosis, which nraybit anaerobic glycolysis and muscle
contraction and result in a decrease in maximalgpawtput and capability to produce an effective
technique (30). However, this phenomenon doesamdicate during the Final-A, where medal
winners were faster than their counterparts duttregfirst sector and tended to increase their speed
during the final sector of the race, strongly supgub by the anaerobic metabolism (2). Therefore,
the different race strategies adopted during tmepagition phases underline the capability of medal
winners to adopt effective tactical decision anddwe energy for the most important sector of the
competition.

Another interesting finding is the lack of differ@nin the race strategy adopted by 1J and 2-
J athletes. These findings are in line with therditure on the analysis of the race strategiesgluri

the Olympic Games and rowing world championships.
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In fact, some authors (13,19,26) reported a fasedmuring the first 500 m, a slow speed
during the second/third section, and a fast spegthgl the final 500 m, independently of boat
typology. These findings substantiate the knowledgat when highly selected, trained and
experienced rowers compete tip-to-tip to achieveealal, the analysis of the race strategy could
offer opportunities to anticipate the tactical demms of the opponents and to plan training
programmes to help athletes managing and contgditia race demands.

Practical Applications

The present study carried on young rowers who @gpatied in the Youth Olympic Games showed
that during the final A race, athletes who adoetegative race strategy with faster performances
during the second half of the race had the highkahces of winning. Thus, coaches should be
encouraged to use this information on technicatm@nants of rowing success as a valuable
reference to effectively develop training planst @@ more coherent to an effective race strategy.
In particular, to improve the tactical approachthe race, coaches should closely evaluate the
psycho-physical capabilities of their youth athdet&Vith respect to the physiological aspects,
traditionally VOmax of rowers is considered a relevant parameted 18 the present findings
advise coaches to focus also on the anaerobic amnpowhich could allow athletes effective
initial spurts and final rushes during the racel7§0). Consequently, training should aim to
improve the anaerobic capability of youth rowerspexially at the beginning and at the end of
aerobic rowing bouts to replicate the desired ratategy. To this purpose, in-door rowing
ergometers and global positioning systems (GPS)dcbe valuable tools to monitor the actual
rowing training and performances of the athletesparticular, indoor rowing ergometers could
provide data on several parameters (e.g., wateeds) stroke rates, calories, and distances in
meters) during the different phases of a perforrmamtereas GPS dedicated to rowing on water
could inform coaches on the speed, distance, aokiestates during ecological training conditions.
In this regard, the information provided relatiwethe speed could be used to set specific training

intensities to prepare the athletes for internaicmompetitions. Indeed, coaches of youth rowers
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should place a particular attention the technispkats of this sport, especially during high intigns

performances when youth athletes might suffer datigffects, which could have a detrimental

effect on rowing efficiency.
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Captions to figure and tables
Table 1. Means and SD of average speed during @1T2nof the scull (1x), two coxless (2-) of

female and male not-qualified (NQ), qualified (@@t-medallist (NM), and medallist (M) athletes.

Figure 1. Schematic representation of the competphases and the number of boats involved in

the 2014 Youth Olympic Games.

Figure 2. Means and standard deviation of T1 anceX[@essed as a percentage of the average
speed of the whole race of female and male qudlif@) and not-qualified (NQ) rowers for the

Final-A of the 1xJ and 2-J races.

Figure 3. Means and standard deviation of T1 anded@essed as a percentage of the average

speed of the whole race of female and male medglé) and not-medalists (NM) rowers of the

1xJ and 2-J races.

Figure 4. Frequency of occurrence (%) of positnegative, and even pacing of medallists (M) and

not-medallists (NM) rowers during the final pha$¢h@ competition.
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Table 1

Females Males

1x 2- 1x 2-
Preliminary NQ Q NQ Q NQ Q NQ Q
Phases
T1(ms?) 4.18+0.24.36+0.04 4.74+0.2 4.86+0.24.65+0.2 4.81+0.1  5.13+0.1 5.21+0.1

T2 (ms') 4.04+0.3 4.27+0.1 4.52+0.2 4.84+0.14.38+0.3 4.64+0.1 5.05+0.1 5.17+0.1

1x 2- 1x 2-
Final NM M NM M NM M NM M
Phase 1x 1x 2- 2- 1x 1x 2- 2-
Ti(ms') 4.23+0.2 4.3240.1 4.90+0.054.92+0.1 4.63+0.04 4.57+0.04 5.15+0.04 5.21+0.1

T2 (ms') 4.18+0.2 4.36+0.1 4.75#0.1 5.05+0.14.44+0.1 4.63x0.045.07+0.1 5.23+0.1
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Fig. 1
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Fig.2
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Fig3
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Fig. 4
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