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Abstract: Laser class is an Olympic sport in which technical and tactical variables are very important
in the performance of the sailor. However, the variables that determine performance in a regatta
have not been studied, and less so with Olympic sailors. Therefore, the main objectives of this study
are to analyze the technical and tactical variables that differentiate sailors based on their level of
performance and sex and determine the most important courses in a regatta. The sample consists of
159 Olympic sailors (67 females) of the Laser class, who participated in a World Cup. Velocity made
good (VMG), distance, and maneuvers were evaluated using Global Navigation Satellite System
(GNSS) devices in the upwind, downwind, and broad reach courses. VMG in upwind and downwind
is the technical variable that determines performance in the Laser class. The VMG is decisive in the
performance of elite female sailors in the upwind, downwind, and broad reach courses, while in elite
male sailors, performance is mainly influenced by speed in upwind and downwind and the distance
covered in upwind. The maneuvers do not determine sailing performance in any of the courses of
a regatta.
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1. Introduction

Dinghy sailing is a sport with specific characteristics, since performance will not only
be determined by the level of physical fitness of the sailor, but also by the characteristics of
the boat and the weather conditions [1,2]. Therefore, Olympic sailing is a complex sport in
which performance is determined by the ability to understand and anticipate the weather
conditions, having adequate equipment for the boat (e.g., quality sails), and the mastering
of the technique and tactics [3]. In addition, the level of physical fitness of the sailor is part
of the general performance, and the physical and physiological requirements (muscular
strength, muscular endurance, and aerobic and anaerobic capacity) have changed due to
the increase in the level of international competition and the modifications that resulted
from the Olympic navigation format [4].

Among the different Olympic classes, the sailors in the Laser class are considered
dynamic hikers, since, due to a high sailor-to-yacht weight ratio, they are required to sail
the boat in a very dynamic manner [5]. This monohulled-type class was designed by Bruce
Kirby in 1969 and it is manned by a single athlete [6]. The Laser class is a one-person keel-
boat: the weight of the boat is 59 kg, the overall length is 4.23 m, the beam length is 1.37 m
and the sail in the Olympic category is different for men and women. Women compete in
the Radial (5.76 m?) category and men compete in the Standard (7.06 m?) category. This is
an Olympic class since 1996 and sailors compete under the One Design rule. The One
Design class is controlled by World-Sailing® and the class rules are written to prevent any
changes from the manufactured boat that might affect performance, ensuring that all the
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competing boats are the same [7]. This rule states that all sailors must compete with the
same boats and sails and, thus, under the same conditions.

In dinghy sailing, technique (velocity) and tactics (distance and maneuvers) determine
factors related to performance in the regatta [8,9]. The sailor’s technique determines the
velocity of the boat, and the VMG on the windward and leeward courses is considered the
most important variable in a regatta, since the courses of a dinghy sailing are relatively
simple and well defined, and, in many windward-leeward courses, two legs are navigated,
one windward (upwind) and the other one leeward (broad reach and downwind) [10,11].
The distance traveled during the regatta is a tactical variable that determines the perfor-
mance of the sailor, since higher level sailors complete the course in shorter distances [8,9].
The maneuvers influence the performance of the boat, since speed decreases when they
are carried out, thus the sailor must decide when to perform them, and he/she must do it
efficiently in order to minimize the loss of speed [12].

Since 2003, GNSS have consolidated their application in different sports and provide
very relevant information on the external load, the movements carried out, and the phys-
ical activity of the athlete in training and in competition [12-14]. Several studies have
demonstrated the validity and reliability of these devices to record technical and tactical
variables in the windsurfing and kitesurfing classes [8,9,15].

Regarding performance, several studies have analyzed the relationship between
performance and the sailor’s physical fitness [4,16], biomechanics [11,17-20], and psy-
chological factors [21-23]. However, to our knowledge, not all aspects of technical and
tactical performance have been thoroughly examined in dinghy sailing. The VMG, the dis-
tance traveled, and the maneuvers carried out in a regatta and their relationship with
performance have only been evaluated in the windsurfing and kitesurfing classes [9-12],
and it is still unknown which course (upwind, broad reach, and downwind) is the most
decisive for performance. Therefore, the aims of this study are to analyze the relationship
between performance (ranking) and technical-tactical variables in upwind, broad reach,
and downwind courses.

2. Materials and Methods
2.1. Participants

The study sample consisted of 159 Olympic sailors (67 females) in the Laser class,
with an age range of 17 to 45 years. The data were collected form World-Sailing® [24],
which is the commercial entity of the International Sailing Federation (ISAF). However,
this organization no longer exists.

2.2. Regatta

The analyzed regatta was the Hempel World Cup Series: Genoa (Italy, 2019). This re-
gatta was a qualifying competition for the World Cup and also for participation in the
Olympic Games, although only the results obtained in the ranking of this regatta were used.
The VMG (knots), distance (km), maneuvers (number of maneuvers), and time (hours)
variables were obtained through the SAP-Sailing® application [25]. This application uses
a TracTrac® GNSS, which is placed on the sailor. The GNSS device weighed 60 g, and it
included a mobile connection and a battery. The data transmission frequency was 5 Hz.

A total of 12 races were analyzed: 6 in the group of males and 6 in females. The wind
speed ranges in the regatta were 3.5-8.3 and 4.1-8 knots in the female and male groups,
respectively. The race course consisted of 6 legs (2 windward and 4 leeward): 2 upwind,
2 downwind, and 2 broad reach. The regatta race courses depend on the weather conditions
and two types of courses were carried out (Figure 1): “In” and “Out”. Both types of routes
were carried out by males and females, and the regatta judges determined the realization of
one or the other depending on the number of groups of sailors participating in the regatta
and in each of the races.
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Figure 1. Regatta race courses.

2.3. VMG

VMG is defined as the speed that the boat reaches directly in windward and leeward
courses, and it measures how fast the boat progresses in each of the courses and along the
Rhumb line (Figure 2) [26]. This line is the straight line from the start point to the finish
line, and it is the shortest distance to complete the course. VMG is a vector that measures a
straight line to the next mark; therefore, in addition to speed, it also provides information
about the distance between the boat and the destination point [27].
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Figure 2. Velocity Made Good. Note: VMG = Velocity Made Good.

2.4. Maneuvers and Courses

The maneuvers are actions with which the sailors change the direction of the boat.
When the maneuver is carried out against the wind, it is called “tack”, and “jibe” when
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navigating downwind or broad reach. During the tack, the boat changes direction as the
bow passes through the wind, while the gybing is the stern. In both actions, the sails shift
from the starboard or port side to the opposite side. Sailing courses are determined by the
angle between the bow of the boat and the wind, and it is 45°, 120°, and 180° in upwind,
broad reach, and downwind, respectively.

2.5. Statistical Analyses

The data are presented as means (M) and standard deviations (SD). The level of
significance was seat at p < 0.05. The SPSS v20.0 software (SPSS Lead Technologies Inc.®,
Chicago, IL, USA) was used for the statistical analyses. The data were subjected to a
descriptive analysis and inferences; their normality was also verified using the Kolmogorov-
Smirnov test. The total sample, i.e., female and male sailors, was divided into three groups
on the basis of their performance level (ranking): high level (T1), medium level (T2),
and low level (T3). In the upwind, downwind, and broad reach groups, we assessed
differences on VMG, distance, and time by performance level groups (T1, T2, T3) in the
total sample, females and males, using ANOVA. A Bonferroni correction was performed
when statistically significant differences were detected. A nonparametric Kruskal-Wallis
test was applied to establish differences in the cases that required it.

3. Results

Table 1 shows the analysis for each of the groups of sailors according to their level of
performance in the regatta. It was observed that, in upwind course, the T1 sailors obtained
greater VMG compared to the T2 and T3 sailors and also between the T2 and T3 groups.
Similarly, the VMG was higher in group T1 compared to group T3 and between T2 and
T3 in downwind. The high-level male sailors showed greater VMG compared to the other
two groups of sailors in upwind and in the downwind course. Similarly, the females had
greater VMG in upwind, and this same situation was observed when it was analyzed in
the downwind course and in broad reach. With respect to distance, the sailors of group T1
traveled a shorter distance compared to the sailors of group T3 in upwind, although the
analysis of the mean distance values did not show differences in downwind and broad
reach. When the males group was assessed, it was observed that the high-level group
showed a lower distance compared to the other sailors in upwind, and no differences
were found in either downwind or broad reach courses. Regarding maneuvers in upwind,
no differences were detected on the basis of the level of performance by the total sample,
females or males, in any of the analyzed courses. In time spent upwind, the sailors in group
T1 and T2 obtained lower values than group T3. The males of the high-level group showed
shorter time in upwind, whereas the females of the same level obtained shorter time in
broad reach.

Table 1. Data of mean velocity made good, distance, maneuvers, and time in upwind, downwind, and broad reach in

groups of sailors with different performance levels (T1, T2, and T3) in the regatta.

Upwind Downwind Broad Reach
Variables
T1 T2 T3 T1 T2 T3 T1 T2 T3
Female 295005 551003 21402 32K005 31E0L 5,9 43 A1FO0L 39202 45 gy
(Xrlf)f;) Male 23 § 01 23 :% 0.05 22+08 29 :é: 0.1 29+0.1 28+0.1 4711 434+1°€ 52+15
All 23 :§0'06 23 jé 0.05 21+01 3.1 :];: 0.1 3401€ 28+£0.2 45+09 42+08 46+14
Female 151+03 153+£05 153+£13 102+£01 101+£02 9.9+09 53£01 55+02 55+04
Distance Male 14'21% 03 14'5Ci 04 149 £ 04 99+02 10£0.2 10£0.3 54+02 55+01 54402
(km) 146 + 05
All g 148+06 151+£09 101+02 10£0.2 9.9+0.6 54+01 55+02 54403
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Table 1. Cont.
Upwind Downwind Broad Reach
Variables
T1 T2 T3 T1 T2 T3 T1 T2 T3
85.5 + 824 + 88.1 + 1433 + 105.1 + 1285 +
Female 131 149 175 445 39 449 39421 42+23 41+21
120 + 111.8 £ 125.8 + 150.2 + 150.1 + 1553 +
Maneuvers Male 243 215 28.7 334 278 413 53+34 6.5+3 79 +4.8
106 + 99.2 + 109.9 + 1473 + 130 + 144 +
All 267 238 308 03 396 444 474+29 55429 6.3 +43
0.6 +0.02
Female 2.3 +£0.05 24401 24402 1.5+002 15+0.05 1.5+0.1 A 0.7+0.05 0.7+0.07
(}T(i)ilfs) Male 21 % 01 21 % 0.1 22 40.1 1.6 £ 0.1 1.6 +£0.1 1.7+£0.1 0.6 £0.1 0.7+0.1 0.6 £0.1
All 22 :g 0.2 22+0.1 23+02 1.6 +£0.1 1.6 +£0.1 1.6 £0.1 0.6 +0.1 0.7 +0.1 0.7 +0.1

Data presented as M + SD. 4 statistically significant difference T1 vs. T2 and T3; B: statistically significant difference between T1 and T3; ©:
statistically significant difference between T2 and T3. VMG = Velocity Made Good. T1: high-level sailors; T2: medium-level sailors; T3:

low-level sailors. #BC p < 0.05.

4. Discussion

The aims of this study were to investigate the technical (VMG) and tactical (distance
and maneuvers) variables in order to determine their relationship with performance in
the Laser class on the upwind, broad reach, and downwind courses and to identify sex
differences, using GNSS devices. To our knowledge, this is the first study to evaluate
technical and tactical performance in the laser class in a regatta, and it is also the first
study to analyze the three types of courses developed during the competition (upwind,
downwind, and broad reach).

The results of our study show that the most successful group of sailors (male and
female) sailed faster (VMG) in the upwind and downwind legs compared to the less
successful sailors. In previous studies, it has been observed that the elite sailors in the
RS:X windsurfing class had a higher VMG on the upwind and downwind courses [8,9].
This could indicate that these sailors have a better technical level, which would allow them
to handle the boat more efficiently to reach higher speeds, thus keeping the boat in a plan-
ning condition, thereby reducing its hydrodynamic resistance [28,29]. Some studies have
shown that more successful sailors are faster and have a better pointing angle, which can
be achieved only with a higher level of physical performance, as it is known that efficient
hiking is related to boat speed and boat handling performance [12,30]. Therefore, and on
the basis of our results, we could assert that, in our Laser class sailors, the higher the
level of the sailor, the greater the VMG achieved in the upwind and downwind courses.
Similarly, the greatest male sailors achieved a higher VMG in upwind and downwind
compared to low-level sailors, and this difference was greater when the group of females
was analyzed in upwind, downwind, and broad reach. Analyzing the speed in the different
courses evaluated, it was observed that the sailors were faster in the broad reach course,
followed by downwind and upwind. These results are in line with those obtained in
kitesurfing class sailors [15,31]. This is the first study to determine the fastest course in the
Laser class.

Regarding distance, and for the entire sample (males and females), differences be-
tween groups were only found in upwind. According to our results, other studies assert
the importance of the upwind course, since elite sailors travel a shorter distance in this leg,
and this is where they can establish a greater difference in the position of the race compared
to other competitors [32,33]. Moreover, previous studies have shown that higher-level
windsurfing sailors finished the race with a shorter distance in upwind [19]. In agreement
with these results, it was observed that, in the male group, elite sailors covered a shorter
distance in upwind, although distance was not a variable that differentiates performance
in the group of females in any of the analyzed courses. A study with RS:X class sailors,
where 94 races were analyzed (47 males’ races and 47 females’ races), it was observed that
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race distance for males was greater than that for females [10]. If we compare our data with
this study;, it is observed that the maximum distance traveled in upwind by the best male
sailors in our study is higher compared to the sailors of the same sex (14.9 vs. 11.7 km),
and the same is true for the group of females (15.9 vs. 9.8 km). Therefore, this distance cov-
ered should be considered by coaches when planning the training of the sailors, since this
would imply a greater physiological demand [34].

With respect to the maneuvers carried out, no significant differences were observed
in upwind, downwind, or broad reach when analyzing the whole sample, the group of
males and the group of females. Therefore, we can consider that the number of maneuvers
is not a variable with which it is possible to differentiate the level of performance of
Laser class sailors. Nevertheless, studies carried out in a simulator have shown that more
experienced sailors perform fewer maneuvers to complete the course [35]. This difference
in the results could be due to the fact that our study was carried out in a real regatta,
while the mentioned study was carried out in a simulator, since during a regatta there are a
series of circumstances, such as changes in wind speed and direction, which simulators
cannot reproduce.

As regards time, our results show that there are only differences between the high-level
group and the low-level group in upwind; however, it was observed that, in the male group,
elite sailors obtained a shorter time in upwind. This suggests that they completed the
upwind course in a shorter time, due to their greater VMG and shorter distance to complete
this course. The elite female group presents shorter time in broad reach. This result could
also be due to the fact that these groups obtained a higher VMG in this course. Some studies
have shown that sailors who rank higher on upwind courses can establish strategies and
tactics with minimal interference from their competitors and thus complete the course in a
shorter time [36].

In our study, we can consider some limitations. Firstly, regarding the number of
participants analyzed, the study sample consisted of only 92 males and 67 female elite
sailors in Laser class World Championship events. However, this represents 80% of the
total male and 100% of total female sailors who have participated in this regatta. Secondly,
the variables have not been analyzed as a function of different wind speeds (light, medium,
and strong). Moreover, future studies could be focused on the analysis of the technical and
tactical variables in different wind conditions and specifically analyze each of the races that
make up the regatta. It would have been interesting to perform a physical performance
test in the hiking bench to verify that those who obtained better results also obtained a
higher VMG. In our study, anthropometric variables such as height and weight were not
taken into account, and with these data it would be possible to analyze their influence on
the VMG of the boat.

5. Conclusions

This is the first study to analyze the VMG, distance, maneuvers, and time with GNSS
devices in Laser class sailors and in a world championship regatta. The results of our
study show that speed is the variable that determines the performance of a Laser class
sailor on the upwind and downwind courses. Elite sailors have a greater command of the
technique in the upwind and downwind courses, since they reach higher speeds on these
courses. Elite male sailors are faster on upwind and downwind courses, while women
are also faster on broad reach. Elite sailors travel a shorter distance on the upwind course.
The maneuvers are not a variable that determines the performance of the sailor in any of
the analyzed courses.
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