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We measured the speed of 12 international-level swimmers (6♀ and 6♂) for 6 sections of the 50m backstroke race in a short course (25m) pool (0-5m; 5-15m; 15-25m; 25-30m; 30-40m; 40-50m) 

by breaking down the races using video analysis. Our assessment revealed that swimmers went faster when underwater (independently of the benefit obtained by pushing off the pool wall in the 0-5m and 25-30m zones) than when they swam at the surface. These results were supported by the per-zone speed ranking established by the vast majority of 151 sports students acting as observers. The latter viewed each race 3 times, in order to divide up the race into the 6 zones using frame-by-frame images (with an index of agreement of more than 76%, according to Pareto's criterion). Only the per-zone speed rankings for the 3 slowest female swimmers deviated from the majority ranking (using Kendall's L statistic), as the result of a shorter underwater segment during the 2 nd length. Despite being considered (by the sport's rules and in scientific terms) as a subsidiary and disruptive element of propulsion, underwater dolphin kicks are responsible for the highest speeds in this type of event.

At which point in a 50-meter short course backstroke event do expert swimmers go fastest? This apparently innocuous question is likely to fuel a debate which has long divided the scientific community: the nature of the propulsive mechanisms used in swimming [START_REF] Sprigings | The choice between Bernoulli's or Newton's model in predicting dynamic lift[END_REF]Koehler, 1990, Sanders, 1997a). During backstroke at the surface, the masses of water are essentially oriented towards the rear during the traction and push phases [START_REF] Wood | A fluid dynamic analysis of the propulsive potential of the hand and forearm in swimming[END_REF]Holt, 1979, Troup, 1992). Propulsion results from a combination of Newton's Third Law (as discussed by [START_REF] Alton | The contribution of Newton, Bernoulli and Euler to the theory of tides[END_REF]: "for every action, there is an equal and opposite reaction") and a sculling action of the hands (according to the Bernoulli principle, 1738). For champion swimmers in short course events, the back crawl phase accounts for less than half of the race. After the start and the turn, the swimmers stay underwater for up to 15 meters -the point at which (under the sport's current rules) they must break surface. When underwater, the swimmer moves forward by making oscillatory movements which are often referred to as "dolphin kicks". In contrast to the undulations observed in eel-like modes of locomotion, dolphin kicks emanate from a fixed point of the body [START_REF] Lighthill | Note on the swimming of slender fish[END_REF]. In backstroke, this fixed point corresponds to the shoulders and the arms held straight forward, blocking head movement. Propulsive drag forces then occur downwards and upwards alternately: they contribute to the rise and fall of the body but not its progress. In fact, lift forces (rather than Newton's Third Law) move swimmers forward. Lift is exerted at an angle of 90° relative to drag forces [START_REF] Counsilman | Competitive swimming manuel[END_REF][START_REF] Schleihauf | Swimming propulsion: a hydrodynamic analysis[END_REF][START_REF] Costill | Swimming[END_REF][START_REF] Chollet | Natation sportive, approche scientifique[END_REF]. Most marine mammals move in this way -by oscillating and ondulating in the vertical plane, rather than pushing water from in front of them to behind them [START_REF] Fish | Transitions from drag-based to lift-based propulsion in mammalian swimming[END_REF].

Hence, the answer to the above-posed question about swimming speed will support a position in favor of either drag forces (if one swims faster at the surface than underwater) or lift forces (if one swims faster underwater than at the surface). We had four main reasons for choosing to investigate the 50m backstroke event in a short course (25m) pool. Firstly, the event is too short for participants to swim tactically against their opponents, as can occur in 200, 400, 800 or 1500m events. Next, the event is not long enough for lactic acid production to affect performance near the end of the race -in contrast to a 100m event [START_REF] Zawka | Postcompetition blood lactate concentrations in collegiate swimmers[END_REF][START_REF] Pelayo | Variation de l'équilibre acido-basique et charges d'entraînement chez le nageur de compétition[END_REF]. Furthermore, backstroke is the stroke (along with butterfly) which most exploits underwater dolphin kicking, especially in short course events. Lastly, having divided the 50m race into 6 zones, we preferred backstroke to butterfly, since an in-water start has less influence on the first length.

Methods

We performed our observations using TV pictures from the finals and semifinals of European Short Course Championships and Short Course World Cup events over the period from 2002 to 2005. In order to ensure the reliability of our observations, the key moments of the race (5m and 15m) had to be filmed with mobile, poolside cameras running parallel to the swimmers and not with fixed cameras further overhead. We were obliged to exclude several recent competitions from our analysis for this reason. We evaluated only swimmers leading their race after the first 12.5m in lanes 3 or 4, since the most visible 15m buoys are situated on either side of these two lanes. The 5m zones (at the start and after the turn) were selected in view of their obviousness: the differentcolored buoys make these areas stand out. Hence, we divided the pool into 6 zones: the SS (Start Speed) zone [0-5m], from the moment when the swimmer's hands release the starting gate (i.e. excluding the reaction time following the starting signal) to the moment when the swimmer's head crosses the 5m line; the DS1 (Dolphin Speed 1) zone [5-15m] ending when the swimmer's head passes the 15m buoy; the BS1 (Backstroke Speed 1) zone [15-25m] ending when the swimmer's feet touch the pool wall for the turn; the TES (Turn Exit Speed) zone [25-30m] from the push on the pool wall to the moment when the swimmer's head crosses the 5m line for the return length; the DS2 (Dolphin Speed 2) zone [30-40m] ending when the swimmer's head passes the 15m buoy and finally the BS2 (Backstroke Speed 2) zone [40-50m] ending when the swimmer's hand touches the finishing wall. The average speeds for each zone were analyzed using a 6-head, high-precision video player at a rate of 24 frames per second (fps). We observed the performances of 12 world-class swimmers (6 males and 6 females). The frame-by-frame video analysis of the 12 races was then viewed by 151 sports students from our university's Faculty of Sports Science. We asked them to count the number of frames per zone. The slow-motion video was played 3 times for each zone. The observers were not allowed to compare their respective evaluations during the viewing session.

Results

Depending on the zone in question (72 in all: 6 zones per race, with 12 races), between 88 (58%) and 146 (96%) of the 151 observers agreed on the frame counts. For observers who disagreed, the deviation from the majority view never exceeded 2 frames per zone (Table 1). Only the turn zone (BS1 & TES) appeared to pose a problem. Despite the prior provision of clear instructions, some observers made the mistake of considering that the end of the 1 st length corresponded to the moment when the swimmer was preparing him/herself to push off the wall with his/her feet. In fact, the official end of the first length corresponds to when the feet actually touch the wall, just after the forward roll. The body nevertheless moves forward (by 1 or 2 frames) prior to the push itself. Hence, this muscle activation phase belongs in the TES zone [25-30m] and not the BS1 zone [15-25m], which very probably explains the +1 and +2 frame errors by some observers at the turn entry (BS1) and, consequently, the -1 and -2 errors at the turn exit (TES) (see Figure 1). The index of agreement for the sports students' observations was assessed using Pareto's distribution law [START_REF] Parlebas | Effet Condorcet et dynamique sociométrique[END_REF], which deals with commonly-agreed rankings. A tournament with 6 elements (here, the 6 pool zones) can yield 6! (i.e. 720) possible rankings. Given that 12 races had been observed, the 151 observers were potentially able to distribute their observations into 12x720 (i.e. 8640) distinct combinations. In fact, 116 observers (76%) chose the zone ranking established by our own assessment. This means that of the 8640 possible rankings, our proposed combination (of 6 zones in 12 races) suited 76% of the observers. This very high Pareto index of agreement (0.76, when chance would have yielded 1/8640, i.e. 0.0001) indicates that our interpretation of the results has a good safety margin. The rankings made by the "non-Pareto" observers (35; 24%) fell into just 4 of the remaining 8639 combinations. We noted that 2 races (Welsh, 2003, andPietsch, 2002) generated 27 of the 35 disagreements relative to the "Pareto ranking". This was undoubtedly explained by the similarity of the DS1 and DS2 values (for Welsh) and of the BS1 and BS2 values (for Pietsch), which differed by a single frame only (Table 1). Consequently, each pair of zones could easily have been ranked the other way round, producing a different, final combination. This finding underlines the caution that should be applied to drawing conclusions from analysis of individual races (rather than of a number of events). Only the turn zone (BS1 and TES) yielded a less homogeneous response distribution (although the value nevertheless exceeded 58%).

Table 1: Number of frames (zone by zone) recorded by the majority of the 151 observers, together with the corresponding speed of the 12 swimmers (6 men, 6 women) filmed during international 50m backstroke short-course events.

* precision: 24 frames per second. ** zones end when the head, foot or hand crosses the corresponding distance line or touches the pool wall.

Speeds are highest during the first 5 meters after the start (SS) and after the turn (TES).

The sections swum underwater prior to the 15m mark (using dolphin kicking) are in third and fourth place (DS1, followed by DS2) and are accomplished more rapidly (especially by the male swimmers) that the surface backstroke zones (BS2, followed by BS1). The first 9 swimmers in the table strictly followed this ranking.

For the majority of the 12 races, the ranking for the zones swum by top-level athletes is as follows: SS>TES>DS1>DS2>BS2>BS1, where the symbol ">" stands for "faster than". The zones which benefit from impulsion against solid elements (the first 5m after the start and after the turn, 25-30m) are covered most rapidly. These are followed by the 5-15m and 30-40m zones -essentially accomplished with dolphin kicks and swum more rapidly than surface backstroke zones (15-25m, 40-50m). Nine of the twelve 50m events strictly followed this majority ranking (see Table 2). Only the 3 slowest races with female swimmers stood out significantly. The latter rankings correlated at the p<0.05 level with Kendall's K statistic (K = 1 -2d.D -1 , where d is the number of discordant pairs (i.e. the number of differences between the rankings) and D = n.(n -1)/2 = 15, i.e. the maximum number of discordant pairs for H. Hlavackova and J. Pietsch, 2002 (K = +0.86) and (non-significantly) at the p<0.1 level for A. Buschulte, 2002 (K = +0.73). This variation is probably due to the fact that swimmers like Buschulte rise to the surface after the turn more quickly than male swimmers. DS2 was thus very close to BS1 and BS2.

Nevertheless, for all 12 races, the speed differences between pairs of zones were all significantly correlated, according to Student's T-test (Table 2). The majority ranking was indeed the dominant ranking. Only the pair-wise comparisons of BS1 with DS2 and of DS2 with BS2 yielded less significant correlations (p<0.01, p<0.02). This probably resulted from the fact that during the second underwater zone (DS2), the swimmers (and above all the female swimmers) broke surface sooner and thus resumed backstroke, as performed in zones BS1 and BS2. 

Discussion

Observing speed in various zones during filmed, international events has the advantage of revealing performance levels in their true context. Unfortunately, one cannot benefit from the technical tricks of experiment-driven research (specially demarcated or more precisely monitored zones, mobile underwater cameras, fixed cameras with predetermined alignments, etc.). In order to counter this bias, we first selected races (from the dozens available) for which images were recorded in line with the 5m and 15m marks and where the lead swimmer was in lane 3 or 4. Next, we used a highprecision, 24-fps video player capable of counting the number of frames per pool zone.

Lastly, the very high index of agreement for the observations by the 151 sports students (with an observed value of 0.76, versus 0.0001 had the speed zone ranking merely been the result of chance) indicates that our findings are reliable.

Recent scientific progress attests to the importance of lift-based mechanisms in shortdistance and backstroke swimming (Colman et al., 1998[START_REF] Chatard | Biomechanics and Medicine in Swimming IX[END_REF], despite longstanding resistance in favor of action-reaction model [START_REF] Cappaert | Biomechanical analyses of champion swimmers[END_REF][START_REF] Catteau | Vous avez dit: épistémologie![END_REF][START_REF] Sanders | Hydrodynamic characteristics of a swimmer's hand with adducted thumb: implications for technique[END_REF]. Underwent dolphin kicks correspond to an important component in sprint swimming in both backstroke and butterfly events [START_REF] Persyn | New combinations of hydrodynamic concepts in swimming[END_REF]. Of course, for distances above 50m, the need to breath obliges swimmers to stay at the surface.

Comparison of the European Short Course championships in 1982 and 2002 in terms of the total number of surface strokes and the duration and distance of the underwater sections also confirms these results [START_REF] Collard | La natation sportive peut-elle encore évoluer?[END_REF]. Today's swimmers train more effectively and are certainly a little taller: these two factors must contributing to their performance to some extent [START_REF] Smith | Anthropometric measurements, and arm and leg speed performance of male and female swimmers as predictor of swim speed[END_REF], Pelayo et al., 1996, Sidney et al., 1996). However, surface swimming is now resumed further and further from the pool wall.

Curiously, the European champions of 20 years ago hardly used dolphin kicking at all, despite not being restricted to 15m in any of the 4 strokes -in sharp contrast to today's situation. The hypothesis put forward here is that the improvement in sprint swimming performance levels has been (and will continue to be) due to increasingly more pronounced underwater propulsion -as long as the sport's rules stop forcing swimmers to remain at the surface.

Conclusion

For short-distance backstroke events, swimmers move more quickly when dolphinkicking than when at the surface. Hence, in terms of an explanation for aquatic propulsion, criticism of work emphasizing the role of lift over that of drag should be revised. Such criticism is becoming outdated by changes in swimming practice and, above all, serves as an alibi for comforting officialdom's current directives. The restrictive position of the international federation (the FINA) with respect to underwent swimming is equivocal, in the sense that it is holding back those athletes seeking to achieve faster performances.
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 1 Figure 1: Distribution (for each of the 6 swimming zones) of the 1812 observations.

Table 2 : Correlation coefficient matrix for pair-wise comparisons of the 6 swimming zones.
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	Student's T-test SS DS1	BS1	TES	DS2	BS2
	SS (SSTART)	21.19*** 65.03*** 7.42*** 26.02*** 42.49***
	DS1 (SDOLPHIN1)		6.02*** 16.52*** 5.59*** 5.79***
	BS1 (SBACKSTR1)			43.27*** 3.96** 5.08***
	TES (STURNEXIT)			25.07*** 33.07***
	DS2 (SDOLPHIN2)					2.79*
	BS2 (SBACKSTR2)				
		*** p<0.001; ** p<0.01; * p<0.02.	
	The 6 zones in question appear to differ very significantly in terms of speed (Student's
	T-test).