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Abstract

:

The objective of this study was to examine the role of spatial orientation in the performance of sport sailors. Participants were 30 elite male sailors from classes 420, Laser, Windsurfing RS:X and Windsurfing Techno, grouped into two categories: Monohull (18 sailors) and Windsurfing (12 sailors). Ages ranged between 13 and 18 years old (M = 15.7, SD = 1.05). To assess spatial orientation, the Perspective Taking/Spatial Orientation Test was used, and performance was inferred from the final classification at the regatta. In addition, the influence of experience and age on the performance was analyzed. The results show that in the Monohull group, the performance is determined by the spatial orientation (18% of the explained variance), while in the Windsurfing group, the variables that are related to performance are sailing experience and age (60% of the explained variance). Spatial orientation seems to be the more important variable for performance in the Monohull group, while in classes belonging to the Windsurfing group, this variable does not seem to be decisive for obtaining good results in the regatta.
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1. Introduction


Research in sports science has been extensively concerned with the study of the factors that influence performance in the different sports modalities. At present, the most developed lines of research in sailing are the influence of physiological, anthropometric, biomechanical, and training factors [1].



Sports performance is also determined by psychological training, so that, through the evaluation of psychological skills in the athlete, it is possible to predict their potential for success [2,3]. According to Olmedilla, Ortega, González and Serpa [4], sailing is a complex sport and psychological skills are key in learning this sport discipline. Authors such as Araújo, Davids and Serpa [5] or Brandt, Da Silva, Segato and Andrade [6] state that the most important psychological skills in this sport are attention span and decision making, and both skills are directly related to navigation tactics. Studies such as those carried out by Araújo and Serpa [7], Manzanares [8], and Manzanares, Menayo and Segado [9] show that elite sailors have a better visualization capacity and a greater number of fixations in relevant stimuli compared to amateur sailors. These two characteristics allow them to reduce the time taken to obtain relevant information, so they increase their chances to place themselves in optimal places, both at the exits and during the journey made [7,8,9]. In sport sailing, including all types of boats, perceptual skills are highly required, and this is mainly due to its high complexity. The sailor must anticipate his rivals and capture as much information as possible from them to carry out the most appropriate actions according to each circumstance [10]. The ability of anticipation seems to be a fundamental element within sports sailing because the environment in which it develops is characterized by being highly unstable. This instability is produced both by the weather conditions and by the different actions carried out by opponents. It must be taken into account that the sailor obtains the information to orient himself in a dynamic way; in addition, competitors become a dynamic reference because they are also at continuous movement, and buoys are the only static referents, making the action of orientation even more complex [11]. The sources of information that will determine the sailor’s orientation are the virtual representation of their position in space (rival sailors and buoys) and the cognitive map [12]. Through the cognitive map, the sailor is able to internally construct the context that surrounds him, thus being able to anticipate everything that is outside his visual field; this allows a more correct programming of the route to be followed [13]. Authors like Gómez, Rousset and Baciu [14] and Montello [15] affirm that a continuous updating of the spatial information received from the environment is necessary, because it allows the subject to be aware of their current position at all times. While the subject performs the task, the orientation process is automatic, but when the information is updated, the effort made by the athlete increases [16].



For Maier [17] the main components of spatial ability are spatial rotations, spatial perception, spatial visualization, mental rotation and spatial orientation. In spatial rotation, the reference frame used can be intrinsic or relative to an object; this frame of reference is defined by the upper/lower, anterior/posterior and right/left intrinsic axes [18].



Spatial perception, the information processing approach, has mainly been used to analyze spatial skills on a small scale; these skills use the speed of encoding and transformation of spatial information, memory capacity and spatial work strategies as differentiation elements [19,20]. Spatial visualization is more complex than relationship or orientation tasks; this circumstance occurs because the tasks that comprise it have a spatial figurative component in which movement or displacement of the figure’s elements occurs [21]. Mental rotation is defined as the ability to rotate figures quickly and accurately in the mind [22]. Spatial orientation refers to the subject’s ability to have a different perspective on an object when the observer is redirected [23]. Different systems for evaluating spatial ability have been used, although the most widespread are those that differentiate between large-scale and small-scale spatial abilities proposed by Ittelson [24], and endorsed and specified by Voyer, Voyer and Bryden [25]. Despite this differentiated classification, research demonstrates that small-scale spatial abilities predict performance on large-scale tasks, because spatial abilities at different scales are partially but not totally dissociated [26,27,28].



Spatial orientation—a large-scale ability—is the most commonly used component for the evaluation of spatial ability and is considered the most important component [29,30]. The literature on spatial orientation often differentiates between egocentric and allocentric representations, also called exocentric or geocentric [31]: egocentric representations are self-to-object-centered, while the allocentric anchor on environmental information uses object-to-object references. Recent studies have shown that both are related, since egocentric sensory information can be transformed into allocentric representations [32]; specifically, some studies affirm that the performance of the subjects in orientation capacity, in relation to the different elements that surround them, are related to the score they obtain in perspective-taking tasks [33,34]. For various tasks, navigators profit from both kinds of representation [35].



Regarding to experience, small differences in time of practice can make a huge difference, as is well known in the expertise literature [36,37]. The influence on performance of a multitude of personal (time of practice, physiognomy), social (influence of third parties) and contextual (culture, access to practice) factors has been postulated. Specifically, athletic preparation is capable of developing spatial ability [38], so athletes with more experience are able to extract critical information from a greater number of spatial references than novices [39]. Specifically, sailing experience has proven to be decisive for the development of strength, resistance and speed-oriented motor coordination and, therefore, for better sports performance [1,40,41]. In this sense, but in relation to psychological variables, experienced sailor decision-making is characterized by the cumulative non-linear effects of exploring and using information constraints in a regatta, making their performance better than the less experienced sailors [5]. Regarding the indicators of attention management, the time of recurrence of the fixation of the gaze is less in the less experienced sailors, whether they are relevant or irrelevant stimuli for the regatta [42]. Related to spatial ability, experience was shown to significantly influence performance in specific tests [43].



Age has not always been shown to generate differences in the spatial skills of the general population: sometimes, it has been postulated as a consequence of experience in different tasks or contexts [44], while, other times, it has been pointed out that the maturation of evolutionary development generates differences in spatial ability [45]. Those authors who propose that age influences the development of spatial orientation skills only because of its relationship with experience demonstrated that experts, unlike novices, showed a progression towards the extraction of more information early as a function of age [38,39], although it was only at the adult level that the anticipatory performance of the expert players significantly outperformed that of their novice counterparts (Abernethy). On the other hand, other authors have postulated a direct effect of age on the development of spatial orientation: the literature suggests that 3- to 10-year-old children develop their ability to combine egocentric and allocentric forms of spatial coding, and show adult-level performance on cognitive mapping tasks at around 10 or 12 years of age [45,46]. Regarding the decline in spatial orientation skills, some studies found that adults between 46 and 67 years of age performed worse than younger participants (18–30 or 31–45 years) in all the orientation skills evaluated [47], while other investigations pointed out that the egocentric spatial orientation progressively improves from 8 to 60 years old [48]. To our knowledge, the relationship between age and performance in spatial orientation tasks hasn’t been studied with sport sailors.



Following what has been developed in the literature, the main objective of this study is to verify whether spatial orientation, experience and age are related to the performance of the sailors in a regatta. The following hypotheses emerge from this objective:



Hypothesis 1. (H1).

The better the spatial orientation of the sailors, the better performance they will obtain in competition.





Hypothesis 2. (H2).

The more years of sailing experience, the better performance sailors will obtain in competition.





Hypothesis 3. (H3).

The age of the sailors will not allow predicting their performance in competition.






2. Materials and Methods


2.1. Participants


The investigation involved 30 elite sailors belonging to classes 420, Laser, Windsurfing RS:X and Windsurfing Techno which took part of the competition circuit of the Andalusian Sailing Federation (Spain) and participated regularly in national and international competitions. All sailors were male and their ages ranged from 13 to 18 years (M = 15.70, SD = 1.06). Regarding their sportive experience, they have been sailing between 2 and 11 years (M = 6.50, SD = 2.78).




2.2. Instruments


A sociodemographic questionnaire was designed including questions related to age, sex, class to which they belonged and years of experience in sailing.



The test designed by Kozhevinikov and Hegarty [21] was used to evaluate spatial orientation, as a modified version of Hegarty and Waller [23]. It includes 12 items in paper and pencil format (Figure 1). Each reactive is composed of a matrix with seven objects and a circle in which one direction is marked; participants should imagine their position in the circle and mark the direction towards one of the seven objects determined in the question. The result of each question is calculated by the absolute deviation in degrees between the response of the participant and the correct address of the assigned object. Each reactive may be scored between 0 and 180°. To obtain the final score, the average deviation of the 12 items must be calculated. The items that were not answered were assigned a value of 90°. To finish the test, there is a maximum time of five minutes. The established reliability for this test was 0.83 in its original formulation [49].




2.3. Procedure


Two weeks before the competition, the Andalusian Sailing Federation and the coaches of the different sailing clubs that participated in the regatta were contacted and informed about the objectives of the study, and invited to participate voluntarily. The day before the competition, a room was set up at the headquarters of the Andalusian Sailing Federation in which the tests were realized.



All sailors who participated voluntarily in this study had to sign an authorization form. Participants under 18 also required authorization from their parents and/or guardians by signing informed consent.




2.4. Regatta


To assess the performance, results from the final ranking at the XV New Year´s Race “X Memorial Kim Lythgoe” were used [50]. The ranking was determined with the sum of the positions obtained in each of the tests, in which a better classification meant a lower result in the final ranking. The race was held at the headquarters of the Specialized Center for Sailing Sports Technification “Bahía de Cádiz” from 27–30 December 2018. This regatta is of an international category. In the evaluated classes, a total of 83 sailors competed, so the study represents 31% of the total participants in the competition in classes 420 (14 sailors), Laser (38 sailors) and windsurfing (38 sailors). During the competition days, the 420 class made a total of four races and the Laser and Windsurfing classes performed six. In each length of the race, sailors complete a tour that was previously established by the organizing committee.




2.5. Data Analysis


The data obtained were reviewed for outliers and other anomalies; no adjustment or modification of the database was necessary. After that, two groups of sailors were created: classes 420 and Laser were united in a group called Monohull, and classes RS:X and Techno joined the group called Windsurfing. The justification for dividing these boats into two groups is because the boats that belong to each group share a series of similar characteristics in their structure as in their handling; however, these characteristics are totally different from the other group. In addition, the Windsurfing class, due to their characteristics, can develop faster than the monohull group boats; therefore, the way the racecourse is organized is very different between the classes that belong to each group.



Linear regression analyses were performed for Monohull and Windsurfing classes to examine the association between spatial orientation, experience, age and performance. The method used to perform the linear regression analysis was Stepwise in order to find the strongest predictor for ranking. To check the prediction value of the performance of the equations obtained, the Student’s t-test was performed between the variables’ real ranking and predicted ranking with this equation.





3. Results


Descriptive analysis and the results obtained in the spatial orientation test by the sailors of the Monohull and Windsurfing classes are shown in Table 1.



Table 2 shows the linear regression analysis. We obtain a model in one step to find the optimal model, which has a linear relationship of 47% and a goodness of the fit = 0.18. This model includes the constant and the score variable in the spatial orientation test, excluding the navigation experience and age variables. The value of Durbin–Watson (1.51) indicates that our error variance is independent; therefore, it would be appropriate to use a linear model. The multicollinearity analysis shows high tolerance values in the variable spatial orientation test (0.88), the years of navigation experience (0.90) and the age (0.83). These results indicate that these variables do not show collinearity. The equation obtained with this model for the prediction of performance is the following: performance = 20.48 + (−0.20 * orientation test). When checking the value of the prediction of the performance obtained with this equation, using the Student’s t-test to compare the relationship between the ranking variable and the ranking variable estimated, we observe that the error was −0.01.



In the linear regression analysis for the Windsurfing group, we obtain two models in two steps and choose Model 2, which has a linear relationship of 82% and a goodness of 0.6 fit (Figure 2). This model excludes the spatial orientation test variable but includes the constant and the navigation experience and age variables of the sailor (Table 2). It would be appropriate to use this model since the value of Durbin–Watson (2.29) indicates that the residuals are independent. The most important variable in this model would be the age, since it contributes 83%, while the navigation experience would contribute 50%. The high tolerance values in the multicollinearity analysis of the variable spatial orientation test (0.95), the years of navigation experience (0.88) and the age (0.861) indicate that there is no collinearity for these variables.



The equation obtained to predict the performance in the Windsurfing group would be determined as follows: performance = −104.68 + (7.72 * Age) + (−1.23 * Sailing experience). Checking the prediction value of this equation indicates that the error made is very low, its value being 0.00.




4. Discussion


The main objective of this study was to verify whether the spatial orientation, experience and age are related to the performance of the sailor in a regatta. First, it was hypothesized that the better the spatial orientation of the sailors, the better their performance in competition. The results only allow us to partially accept this hypothesis, since the spatial orientation predicted the performance of the sailors of the Monohull group, but not of the Windsurfing group. The correlation between spatial orientation and performance found in Monohull was also described with sailors of the Optimist class by Manzanares [8]. The spatial ability–performance relationship is based on the need of sailors to anticipate the behavior of their rivals [10], as well as the influence of environmental factors at each moment of the regatta [11], aspects directly related to performance in sailing, allowing a competitive advantage to be exploited [7,8,9]. It is possible to infer that both large- and small-scale spatial skills are involved in the sports behavior of sailors, and that they are closely related to each other [26,27,28] and to performance in real outdoor tasks [35]. We must also consider that, during the competition, sailors must pay attention to a visual field in motion and this may interfere with the cognitive tasks he is performing. Therefore, if the subject has a good spatial orientation, their attention resources will not be diverted by the movement that occurs in the objects of their visual field, thus they will not lose cognitive resources that attend to postural control and could affect the execution of sports technical gestures [51].



A priori, spatial orientation should be important for both Monohull and Windsurf groups, but our results only confirm its influence on the Monohull group. It is possible that the characteristics of each of these groups, and the navigation peculiarities that characterize them, may explain the differences found between both groups [52]. The sailors of the Windsurfing class, due to the difference between the large size of the sail surface and the reduced length/beam of the boat, perform a specific action after each turn to recover the speed, which is very efficient when the wind speed is less than fifteen knots, and is called rowing with the sail (sail-pumping) [53]. Monohull-type vessels, such as 420 and Laser, do this at very specific times, but, in the windsurfing class, it is done both when it goes against the wind and when it goes upwind, although when it is against the wind the physical demands on the Sailor are higher [54]. Therefore, it is logical to think that the lower the number of maneuvers performed during the tour, the lower the number cognitive demands required. However, we do not have information to ensure those aspects, so future research should address them and other possible hypotheses.



The second hypothesis predicted that the more years of sailing experience, the better sailors’ performance in competition. The results prevent us from fully accepting this hypothesis, since experience allowed us to predict the performance of athletes in the windsurfing group, but not in the monohull group. The influence of experience on performance has been demonstrated both in the general literature [36,37] and the literature specific to navigation [5,42,43]. It is likely that the most expert sailors have a greater orientation, which is demonstrated in a better analysis of the positions of the buoys in the racecourse and the route chosen to approach them [55], as well as their ability to obtain the most relevant information on the racecourse and thus be able to execute efficient motor actions according to the characteristics of the situation [56,57,58]. The most experienced sailors were placed in a better position with respect to their rivals to obtain a more favorable wind and reduce the number of maneuvers they had to perform when exceeding the buoy. This tangent point seems to be critical when it comes to rounding on the windward buoy, and a bad choice would make the maneuvers come forward or backward with respect to the maneuvers performed by their opponents, with expert sailors reacting differently compared to inexperienced sailors [55]. Another aspect related to the spatial orientation is the perception of the wind direction and the orientation that the boat has with respect to this, which is key when differentiating between expert sailors and beginners [59]. That differentiation in the orientation with respect to the wind is more prominent in situations in which the wind speed is weak, highlighting even more the sailors with great experience [60]. Moreover, indirect effects of experience on performance are possible: having more experience could benefit the orientation skills, making the sailors more comfortable in general in those situations in which this skill is required, and therefore obtaining better sport performance [43].



Despite that general agreement, our results only confirm the hypothesis for the Winsurf group. We do not have information that allows us to create hypotheses about the origin of this contradictory result, so future studies should address this problem by accessing both personal, social and contextual variables.



Finally, it was hypothesized that the age of the sailors would not allow for prediction of their performance in competition. This hypothesis is accepted only for the Monohull group; for the Windsurf group, age—alone or in combination with experience—makes it possible to predict performance in the regatta. From the theoretical perspective, which defends that age influences spatial ability, this result is consistent with that provided by Ruggiero et al. [48], who found that the egocentric spatial orientation progressively improves from 8 to 60 years old as a consequence of maturation [35]. For our Windsurf sailors, older age probably implies better ability to visualize, allowing for the most relevant information of the competition environment and, therefore, better performance [61].



We do not have a hypothesis that allows us to explain or suppose why age influences the performance of Windsurfers, but not that of Monohulls. The sailors in both groups are homogeneous in terms of age and experience, so these variables could act in the same way in both groups. Some personal, social or contextual variables of these groups must mediate the relationship between age and performance. Future research should delve into these possible modulating variables.



In our study, we can consider some limitations. Only one test was used in this study to assess spatial orientation; it would have been very interesting to obtain data from a Mental Rotation test or Spatial Anxiety Scale to compare and corroborate our results. In the same way, performance was measured by a single event, so it is necessary to assume that it may not reflect the average performance of the sailors, but only that of this test. Moreover, due to the small number of the sample, it is not possible to extrapolate these results to the sailor population. However, to our knowledge, this is the first study analyzing the influence of spatial orientation ability, age and experience on sailors´ performance when belonging to different classes.




5. Conclusions


The results of this study demonstrate that, for sailors in the Monohull group (classes 420 and Laser), spatial orientation predicts competitive performance in a given regatta. In addition, for the athletes of the Windsurf group (classes RS:X and Techno), both the sailing experience and the age, and the combination of both, allow for prediction of the performance in a certain competition. Thus, it seems that, between both groups of navigators, there are personal, social or, more likely, contextual differences that explain dissimilar results.
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Figure 1. Spatial orientation test. 
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Figure 2. Fitted linear regression graph of model 2 for the Windsurfing group. Method of successive steps. Variables: age and sailing experience. 






Figure 2. Fitted linear regression graph of model 2 for the Windsurfing group. Method of successive steps. Variables: age and sailing experience.



[image: Ijerph 18 02913 g002]







[image: Table] 





Table 1. Participants’ age, experience and score obtained in the Spatial Orientation Test by groups and classes.






Table 1. Participants’ age, experience and score obtained in the Spatial Orientation Test by groups and classes.





	

	
Monohull

	
Windsurfing




	

	
All (n = 18)

	
420 (n = 6)

	
Laser (n = 12)

	
All (n = 12)

	
RS:X (n = 5)

	
Techno

(n = 7)






	
Sailing experience (years)

	
7.33 ± 2.35

	
6.83 ± 1.94

	
7.58 ± 2.57

	
5.25 ± 2.99

	
6.20 ± 3.35

	
4.57 ± 2.76




	
Age (years)

	
15.78 ± 1.22

	
15.17 ± 0.75

	
16.08 ± 1.31

	
15.58 ± 0.79

	
16.40 ± 0.55

	
15.00 ± 0.00




	
Spatial Orientation Test

	
35.12 ± 22.98

	
50.03 ± 31.75

	
27.66 ± 13.25

	
60.04 ± 50.08

	
62.86 ± 60.89

	
58.03 ± 45.98








Note: Data presented in Mean ± SD.
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Table 2. Coefficients of the linear regression models in Monohull and Windsurfing groups.
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Model

	
Non-Standardized Coefficients

	
Typified Coefficients

	
t

	
Sig.

	
Confidence Interval

95% for B




	
B

	
Std. Error

	
Beta

	

	

	
Lower Bound

	
Upper Bound






	
Monohull

	
Constant

	
20.48

	
3.94

	

	
5.19

	
0.00 **

	
12.12

	
28.84




	
S. O. T.

	
−0.20

	
0.09

	
−0.47

	
−2.16

	
0.04 *

	
−0.40

	
−0.00




	
Windsurfing

	
Constant

	
−88.19

	
33.96

	

	
−2.59

	
0.02 *

	
−163.87

	
−12.51




	
Age

	
6.25

	
2.17

	
0.67

	
2.87

	
0.01 *

	
1.40

	
11.10




	
Constant

	
−104.68

	
28.21

	

	
−3.71

	
0.00 **

	
−168.51

	
−40.85




	

	
S. E.

	
−1.23

	
0.49

	
−0.50

	
−2.51

	
0.03 *

	
−2.35

	
−0.12




	

	
Age

	
7.72

	
1.85

	
0.83

	
4.16

	
0.00 **

	
3.53

	
11.92








Note: S. O. T. = Spatial orientation Test; S. E. = sailing experience. Method used: “Stepwise”. ** p < 0.01; * p < 0.5.
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