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 - FIGURE 3.1. A top view of a

 windward mark rounding including

 three phases: approach (phase 1),   

 rounding (phase 2) and exit (phase 3).



38

- KEY PERFORMANCE INDICATORS DURING THE WINDWARD MARK ROUNDING

ABSTRACT

In search of key-performance predictors in sailing, we examined to what degree visual search, 

movement behaviour and boat control contribute to skilled performance while rounding 

the windward mark. To this end, we analysed 62 windward mark roundings sailed without 

opponents and 40 windward mark roundings sailed with opponents while competing in small 

regattas. Across conditions, results revealed that better performances were related to gazing more 

to the tangent point during the actual rounding. More specifically, in the condition without 

opponents, skilled performance was associated with gazing more outside the dinghy during the 

actual rounding, while in the condition with opponents, superior performance was related to 

gazing less outside the dinghy. With respect to movement behaviour, superior performance was 

associated with the release of the trimming lines close to rounding the mark. In addition, better 

performances were related to approaching the mark with little heel, yet heeling the boat more to 

the windward side when being close to the mark. Potential implications for practice are suggested 

for each phase of the windward mark rounding.
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INTRODUCTION

Several factors might contribute to successful performance in competitive sports. Among these 

factors are perceptual cognitive skills, as evidenced by, for example, visual search strategies (e.g., 

D. T. Y. Mann et al., 2007; A. M. Williams & Grant, 1999), motor skills (e.g., van der Kamp 

et al., 2008; A. M. Williams et al., 1999) sports equipment (e.g., Roberts, Jones, Harwood, 

Mitchell, & Rothberg, 2001) and environmental conditions (Dicks et al., 2009; Pinder, Davids, 

et al., 2011). In line with recent theoretical accounts that call for representative task designs 

(e.g., Araujo et al., 2007; Dicks et al., 2008; Pinder, Davids, et al., 2011), when running in situ 

experiment in sports science, skilled performance should be based on comparable information 

sources – and athlete’ responses should remain the same – to information sources and responses 

in training and competitive performance environments (e.g., Pinder, Davids, et al., 2011). 

Moreover, participants should represent the population to which the study wants to generalise 

while experimental constraints should represent the environment (Dicks et al., 2010). Finally, 

technical sophistication and careful descriptions of decisive events in the field should be 

considered to improve experimental control (e.g., Araujo et al., 2007; Pluijms, Cañal-Bruland, 

Kats, & Savelsbergh, 2013). 

 While more and more evidence is being accumulated to examine the factors that relate to 

athletes’ decision processes during successful performance, research to date has tended to focus on 

ball games, such as soccer (e.g., Savelsbergh et al., 2005, 2002), cricket (e.g., Müller et al., 2009), 

tennis (e.g., Huys et al., 2009; Rowe et al., 2009), beach volleyball (Cañal-Bruland, Mooren, et 

al., 2011), rather than sports with a continuously changing environment, such as sailing (for 

an exception, see Araújo, Rocha, & Davids, 2010). In sailing, it remains to be determined to 

what degree the aforementioned factors underpin decision-making in skilled performers. Thus 

far, dynamic sailing tasks have almost exclusively been studied in laboratory settings (Araújo et 

al., 2005; Verlinden et al., 2013; Walls et al., 1998) (for an exception, see Araújo et al., 2006). 

For example, Araújo et al. (2005) examined  expertise effects on decision-making of 35 sailors 

(expert, skilled and intermediate) and 23 non-sailors using a computer-simulated sailing regatta 

(including the start, upwind leg, windward mark rounding, downwind leg, leeward mark 

rounding and upwind leg). They measured four sources of information using verbal protocols: 

opponents’ actions, available space ahead on the course, the amount of manoeuvres and wind. 

Additionally, participants pressed keyboard buttons to register technical or adjustment actions. 

Outcome measures were the final ranking and the time needed to complete the six phases of the 

computer-simulated regatta. Results revealed that non-sailors chose to perform more manoeuvres 

than sailors and those faster times were related to higher expertise levels. No significant differences
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on the use of the four information sources were found between expert, skilled and intermediate 

sailors, whereas non-sailors used significantly less information about opponents’ actions and wind 

compared to groups with higher levels of expertise. However, polynomial trend analysis revealed 

that each group of sailors exhibited specific patterns of information utilisation and performed 

action across the regatta (Araújo et al., 2005), also for the phase corresponding to the windward 

mark rounding (considered a decisive event in sailing, see Pluijms et al., 2013). 

 The objective of a windward mark rounding is to turn the dinghy from a close-hauled 

course (beating) onto a downwind course (running) while staying as close to the mark as possible. 

The rounding may be divided into three segments: i) the last straight segment towards the 

windward mark, starting immediately after the last tack (phase 1); ii) the actual rounding of 

the mark, starting when the dinghy changes course (phase 2); and iii) the segment downwind as 

soon as the course is straight again (phase 3) (Davidson, 2009). The skill differences during the 

windward mark rounding reported by Araújo et al. (2005) support the notion that the windward 

mark rounding is regarded a significant and decisive event by coaches and sailors alike. In fact, 

related research from car driving and speed skating may further fuel the assumption that skill 

differences may be apparent during the windward mark rounding in sailing (e.g., Chattington, 

Wilson, Ashford, & Marple-Horvat, 2007; Kandil et al., 2010; Land & Lee, 1994; Land & 

Tatler, 2001). For instance, Kandil et al. (2010) measured the visual search strategy of six drivers 

on a real road through a sequence of 12 bends; they were interested in the control of steering by 

looking at the tangent point. The tangent point is defined as the “non-stationary point of a bend 

where the driver’s line of sight is tangential to the inner edge of the road” (Land & Tatler, 2001, pp. 

1215-1216). On shallow bends, comparable to a windward mark rounding, the tangent point 

becomes a single stationary point, referred to as the apex; a car driver usually aims to “hit” the 

apex with his gaze. Kandil et al. (2010) results indicated that successful steering performance was 

related to gazing more to the tangent point. Additionally, the percentage viewing time to the 

tangent point increased with sharper bends. 

 Similar effects have also been reported in speed skating. For instance, Vickers (2006) 

examined the gaze behaviours of five elite speed skaters while skating at full speed on an Olympic 

oval using a mobile eye tracker. Results revealed that faster speed skating was related to gazing 

to the inside lane and the tangent point rather than gazing at the outside lane; more specifically, 

some athletes directed their gaze at the tangent point in an earlier phase than others. Vickers 

submitted that more research was needed to examine differences in gazing to the tangent point 

to gain a better understanding of its contribution to performance. Furthermore, car-driving 

studies also measured the effects of the environment on visual search behaviour (e.g., Falkmer & 

Gregersen, 2005). For example, Underwood, Crundall, and Chapman (2011) validated a driving
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simulator with hazard perception. More specifically, they measured mean fixation durations, 

saccade amplitude and mean spread of horizontal search for hazardous objects. Results indicated 

that more experienced drivers spent more time scanning the environment and showed earlier 

fixation on hazardous objects (e.g. bicycles pulling out suddenly) than less experienced drivers 

(Underwood et al., 2011). Likewise, during a windward mark rounding in a sailing regatta, 

opponents ahead can promptly change direction or may decelerate without warning. Possibly, 

experts and novices react differently to opponents’ actions compared to sailing alone, which may 

be related to different visual search patterns.

 Regarding motor skills in sailing, most studies have focused on physiological responses 

during hiking, a manoeuvre during which a sailor moves his body to decrease the heeling of the 

boat (Castagna & Brisswalter, 2007; Cunningham & Hale, 2007; Vangelakoudi, Vogiatzis, & 

Geladas, 2007), yet not on motor responses during the execution of complex perceptual-motor 

behaviours. Others have used computer-simulated regattas to show that non-sailors choose to 

perform more technical and adjustment actions than groups with higher levels of expertise (Araújo 

et al., 2005). However, while these results seem to indicate that performing (or not performing) 

certain actions may differentiate skilled from less skilled performance, this has not been tested 

in the field yet. Performing an actual windward mark rounding involves a sailor “leaning over the 

side of a boat with the feet held in straps, termed hiking, which allows the sailor’s weight to counteract 

the heeling forces of the boat. A heeling force is generated by wind across the main sail causing the 

boat to tip away from the direction of the wind” (Carmont, 2013, p. 205). In addition to hiking, 

sailors release or pull trimming lines to control the shape of the sail (Davidson, 2009). It follows 

that the amount of hiking depends on the wind force. Hence, based on the study by Araújo et 

al. (2005), it may be predicted that experienced sailors are superior in their motor skills, that is, 

they perform relevant, but less, actions to round the windward mark.

 As regards the use of sports equipment, researchers have not treated boat control of 

Olympic classes in much detail; however, some simulators in laboratory settings have been used 

to validate haptic feedback and boat motion (Gale & Walls, 2000; Mulder & Verlinden, 2013; 

Walls et al., 1998). Nevertheless, recent technical developments offer the possibility to measure 

boat control in more detail, such as the heeling force (see Pluijms et al., 2013). With respect to 

the environmental conditions, sailors monitor wind and waves that may guide their decisions 

and actions, such as the intensity and direction of wind, sea characteristics and the tactical 

actions of opponents (for specific information about sailing, see Araújo et al., 2010; Davidson, 

2009). These unpredictable environmental constraints contribute to the high level of perceptual-

motor complexity in sailing (see Araújo et al., 2006). Perhaps, a situation similar to rounding 

a windward mark under different environmental conditions is driving through bends on
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different road types. For example, Crundall and Underwood (1998) findings revealed different 

visual search strategies of car drivers according to the disparity of the road (i.e. a rural, suburban 

or dual carriageway); they reported that novices’ strategies were less flexible to meet the changing 

demands of different road types. Taken together, the conclusion seems warranted that decision-

making in sailing is best considered as the interaction between sailor and environment. 

 Taking the above-mentioned evidence into account, the present study presents an 

initial attempt to examine whether, and if so, how a) visual search, b) movement behaviour, c) 

boat control and d) environmental conditions contribute to a complex sailing manoeuvre on 

the water – dubbed a windward mark rounding – in a genuine single-handed Olympic dinghy 

(laser). Running this study in the field is imperative to couple perception and action processes 

in a representative performance environment and hence to allow to draw conclusions about 

actual sailing performance on the water (Dicks et al., 2010; Pinder, Davids, et al., 2011; van der 

Kamp et al., 2008). To this end, participants were asked to perform windward mark roundings 

in two experimental conditions, that is, without and with opponents. As introduced above, 

sailors possibly react differently to situations without or with opponents, which may be related 

to different visual search patterns. As regards visual search behaviour, based on similar situations 

in car driving, speed skating and cycling (e.g., Land & Lee, 1994; Land & Tatler, 2001; Vickers, 

2006), we predicted that superior performance is related to gazing more to the tangent point 

just before and during the actual rounding (phase 1 and phase 2). Additionally, and in keeping 

with Underwood et al.’s (2011) findings on hazard perception in car driving, we expected that 

better performance, especially in the experimental condition with opponents, is associated 

with more changes between gaze locations (higher scan-ratio) during the entire windward 

mark rounding. Second, regarding movement behaviour, Davidson (2009) has identified the 

need to trim the dinghy adequately as particularly important. Based on previous studies in ball 

sports, such as soccer (e.g., Savelsbergh et al., 2005, 2002) and cricket (e.g., Müller et al., 2009), 

but also in sailing (e.g., Araújo et al., 2005), it is hypothesised that superior performance is 

related to a specific movement behaviour pattern (e.g. releasing trimming lines during phase 

1). Third, with respect to dinghy control, operationalised as heel angle control, we expected 

successful performance to be associated with steering the dinghy with a predetermined heel 

angle during the different phases of a windward mark rounding. More specifically, we expected 

better performance, during phase 1, to relate to steering the dinghy with little heel angle, to 

counterbalance the heeling force of the dinghy due to the wind (Carmont, 2013; Davidson, 

2009; Kimball, 2010). Finally, as demonstrated in two sailing studies on decision-making (Araújo 

et al., 2006, 2005), we expected superior sailing performance to relate to the wind characteristics.
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METHODS

PARTICIPANTS

The same fourteen participants (M = 19.4 years, SD = 4.1; 11 males, 3 females) took part in the 

conditions without and with opponents; however, we excluded one participant in the condition 

with opponents because the participant competed with less than Royal Netherlands Yachting 

Union in cooperation with InnoSportLab The Hague: Innovation in Sailing. Eight sailors with 

laser sailing experience competed at an international level (sailing experience M = 8.9 years, SD 

= 3.2; laser sailing experience M =4.9 years, SD = 4.5), that is, they had experienced at least one 

international competition in the laser and had been selected for the Dutch national (talent) 

team during the last 5 years. The other participants, without explicit laser sailing experience and 

competition experience at an international level, reported to have a sailing experience of 8.7 

years (SD = 3.2). The ethics committee of the local institution approved the experiment, and 

participants gave written consent prior to participation.

APPARATUS

Participants performed windward mark roundings in a laser dinghy with a laser standard sail. 

The three segments of a windward mark rounding are illustrated in Figure 3.1. The laser has been 

an Olympic class for men since 1996 and will be Olympic until, at least, 2020. Visual search 

behaviour was recorded with a mobile eye tracker (30 Hz) attached to a pair of safety glasses 

(Applied Science Laboratories, Bedford, USA). The eye image and scene image are interleaved 

with EyeVision software (Applied Science Laboratories, Bedford, USA). Movement behaviour 

was recorded using a waterproof GoPro video camera (30 Hz) mounted on the bow of laser. 

Based on the video footage, the timing of each movement could be traced back. Some examples 

of these key movements, as identified in the literature (e.g., Davidson, 2009), were the release of 

the outhaul, Cunningham or kicking strap (i.e. trimming lines), the first time the dinghy heeled 

to windward side and the release of the main sheet. The heel angle was manually deducted from 

the GoPro video by comparing the dinghy’s mast in reference to the horizon using a protractor 

overlaying the computer screen. A Pi Garda logger (Cosworth Electronics), positioned at the 

starboard side of the mast, was used to log the dinghy’s position and speed (GPS, 5 Hz). Before 

each measurement, we marked the GPS location of the windward mark rounding using the 

data-marker function on the Pi Garda logger. Afterwards we were able to add the location of 

the mark in the Pi Toolbox software for each GPS track; hence, the software could calculate the
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distance of the dinghy to mark at any given time. Wind speed, gust and direction were obtained 

using iPhone applications (i.e. Navionics Europe, WindGURU and Windfinder Pro); weather 

forecasts were averaged and wind speed was listed, based on location and date.The apps were 

accurate up to an hour. For each trial, 9000 ms were recorded, that is, 4500 ms before and 

4500 ms after the point where sailors were positioned right above the mark (Figure 3.1, t = 0). 

This period enclosed relevant visual search and movement behaviour during the three phases. 

Calculation of visual search behaviour and dinghy control during each phase was based on GPS 

position of the mark, provided by the Pi Garda logger. The video data from the ASL eye tracker 

and GoPro were synchronised (by UTC time) and coupled to the GPS track with Pi Toolbox 

software (Cosworth Electronics). Synchronisation was achieved via a UTC/GMT iPhone 

application (Emerald & Sequoia LLC; version 1.6.2), which uses a Network Time Protocol (for 

more detailed information about the experimental set-up, see Pluijms et al., 2013).

PROCEDURE

The experiment was executed at two test locations in the Netherlands. In addition, two participants 

were measured in Weymouth (United Kingdom) during their preparatory phase towards the 

Olympics of 2012. The three test locations were without strong tidal currents. On arrival, 

participants received instructions about the experiment and the mobile eye tracker was calibrated 

using a nine-point grid. The experiment consisted of two conditions: windward mark roundings 

without opponents and windward mark roundings with at least two opponents in a small racing 

regatta. Participants were instructed to perform 5 mark roundings without and 5 mark roundings 

with opponents during a regular training session (i.e. 10 mark roundings in total). Participants 

were tested individually, 79% of the participants started with the condition without opponents 

and, due to practical constraints (i.e. training schedule), 21% of the participants started with 

the condition with opponents. The approach and the exit of each trial were 10 dinghy lengths 

in distance. The experiment lasted approximately 60 min. After participants had finished the 

experiment and completed the training session, they were debriefed individually. Participants 

received feedback about their performance after the experiment had finished.

OUTCOME VARIABLE

The outcome variable was defined as sailors’ performance during the experiment, assessed by 

time (in seconds) necessary to complete phase 2 of mark roundings with or without opponents.
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PREDICTORS

Possible predictors were categorised as a) visual search behaviour, b) movement behaviour, c) 

dinghy control and d) environmental conditions. 

Visual search behaviour

First, we determined the percentage of viewing time to gaze locations for each phase. Eleven gaze 

locations were defined using the visual search video data. For each frame, direction of gaze was 

categorised to a location outside the dinghy or inside the dinghy. Locations outside the dinghy 

were tangent point, horizon, in front of the dinghy, upwind area, downwind area, other dinghy, 

next to dinghy and sky (e.g. clouds). 

 Locations inside the dinghy were top of the mark/ end of the boom, trimming lines and 

other. Second, we determined the percentage of viewing time to the tangent point during phase 

1 and phase 2 of each trial. Third, we calculated the total amount of gaze locations and changes 

between these gaze locations during each trial (sailors’ scan ratio). Visual search video data were 

analysed frame by frame, and a score (mode) for each 5 frames (165 ms) was noted. A score was 

defined as one gaze location for each 5 frames. A score was considered as no score when less than 

3 out of 5 frames had an identical gaze location; this mode functioned as a filter for possible 

incorrect measured gaze locations. Every trial (9000 ms) consisted of 55 scores times 5 frames 

(total of 275 frames; 30 Hz frame rate). Missing data were due to environmental conditions (e.g. 

sunlight reflection on the water). Trials with less than 50% visual search data were excluded. 

As a result, 75% of all trials without opponents and 82% of all trials with opponents were 

included in further analyses. Analysing the video data using a score for each 5 frames results 

in a more efficient measurement strategy, but might result in a less precise estimate of gaze 

location. However, a frame-by-frame analysis also results in an estimate of gaze location due to 

the technical feasibility of the eye tracking system that was used. To determine whether reducing 

the video from 30 Hz (frame by frame) to 6 Hz (every 5 frames) would affect the precision of the 

estimate of gaze location, we determined the agreement between these measures by quantifying 

the measurement error using the 95% limits of agreement and visualising the heteroscedasticity 

of the errors using a Bland and Altman plot (for more detailed information, see Bland & Altman, 

1986; Nevill & Atkinson, 1997; Nevill, 1996). The variables “percentage to outside gaze locations” 

and “percentage to the tangent point” of two randomly selected participants (total of 15 trials) were 

coded frame-by-frame and recoded for each 5 frames (mode) by one observer. 

 For the percentage viewing time to outside gaze locations, the 95% limits of agreement 

were between −6.21% and 7.42%, and the Bland and Altman plot showed homoscedastic errors.
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For the percentage viewing time to the tangent point, the 95% limits of agreement were between 

−4.16% and 4.90%, with the Bland and Altman plot again showing homoscedastic errors. From 

these measurement errors, we conclude that the reliability of the measurement strategy of assessing 

gaze location using one score for every 5 frames is acceptable, at least during the windward mark 

rounding. In addition, also the interobserver agreement was assessed for the mean counts per 

outside gaze location for all trials per participant using a subset of six participants that were 

independently rated by two observers. The 95% limits of agreement were between −3.04 and 

3.55 mean counts, with homoscedastic errors, indicating that also the inter-observer agreement 

was sufficient.

Movement behaviour 

Movement behaviour was categorised into five movements and referenced in absolute values (in 

milliseconds) relative to the point where a participant was positioned right above the mark (see 

Figure 3.1; t = 0 ms) (i.e. negative values refer to actions before the mark was reached, whereas 

positive values refer to actions after the mark was rounded). The first variable was the release of 

one of two trimming lines (Cunningham or outhaul). Both trimming lines are released shortly 

after each other. The Cunningham is a line used to optimise sail shape by changing the tension 

in the luff of the sail. The outhaul is also a line to optimise sail shape by extending the curve 

of the foot. The second variable was the release of a third trimming line (kicking strap). The 

kicking strap (or boom vang) is used to exert downward force on the boom and thus control 

the shape of the sail. The release of the kicking strap is only possible before the actual rounding 

(Davidson, 2009; Kimball, 2010; van Mackelenbergh, 2010); if released after the rounding, it 

might deteriorate performance. The third variable was the first time the dinghy heeled to the 

windward side. The fourth variable was the release of the sheet. The sheet is used to control the 

movable sail and to change course during a windward mark rounding. The fifth variable was the 

start of movement of a sailor’s body from a midway position to a more behind position. The 

start of movement of a sailors’ body from a midst position to a position more rearwards is only 

possible after the actual rounding (where sailors are positioned right above the mark) (Davidson, 

2009; van Mackelenbergh, 2010); if the movement is initiated before the rounding, it might 

deteriorate performance.

Dinghy control

Dinghy control, operationalised as heel angle control, was manually deducted from the GoPro 

video comparing the dinghy’s mast in reference to the horizon using a protractor overlaying the 

computer screen; a positive heel indicated heel to windward side, and a negative heel indicated
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heel to leeward side. For each phase, an average heel angle was calculated. Laser dinghies with 

little heel angle (close to zero degrees) are considered faster than laser dinghies with more heel 

angle to either windward or leeward side (Davidson, 2009; van Mackelenbergh, 2010); hence, 

an absolute value was entered in the data analyses.

Environmental conditions 

For each participant, the average wind speed was listed, based on location, date and hour of the 

day. In addition, for every trial (with opponents), the total amount of opponents in front of the 

participant was listed.

DATA ANALYSIS

First, sailors were ranked based on their performances in the two conditions. Second, the 

multicollinearity among the predictor variables was explored. The correlation matrix for 

windward mark rounding without opponents showed that i) the total amount of gaze locations 

(during the entire trial) was highly correlated with changes between these gaze locations (r = 

.769, p < .001) and ii) the release of the Cunningham or outhaul was highly correlated with 

the release of the kicking strap (r = .605, p < .001). Variables excluded from further analyses 

due to the highest percentage of missing values were total amount of gaze locations and the 

release of the kicking strap. For windward mark rounding with opponents, a correlation matrix 

on all predictors showed multicollinearity for: i) the total amount of gaze locations (during the 

entire trial) with changes between these gaze locations (r = .626, p < .001) and ii) the release of 

the Cunningham or outhaul with the release of the kicking strap (r = .818, p < .001). Variables 

excluded from further analysis due to the highest percentage of missing values were total amount 

of gaze locations and the release of the Cunningham or outhaul. Third, generalised estimating 

equation (GEE) regression analyses were performed using a forward selection procedure (for 

more information, see Twisk, 2003, 2007) to examine whether, and if so, how a) visual search, b) 

movement behaviour, c) dinghy control and d) environmental conditions predicted performance 

in the two conditions. In a forward stepwise method, an initial model is defined that contains 

only the constant (b0) and the predictor (b1) (out of the ones available) that best predicts the 

outcome variable, based on the lowest p-value with the outcome measure (with α < 0.10). The 

criterion for selecting this second predictor is that it is the variable that has the lowest p-value 

with the outcome measure. If this second predictor is significantly associated with the outcome, 

then this predictor is retained in the model and a third predictor is searched. The search continues 

until no variable is significantly associated with the model. Separate analyses were performed for
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trials without and with opponents. Correlation structure for the GEE regression analyses was 

set to exchangeable (Twisk, 2003, 2007) and conducted using IBM PASW Statistics 20. The 

results of the GEE regression analyses will be described in the following order: a) visual search 

behaviour, b) movement behaviour, c) dinghy control and d) environmental conditions. The 

correlation between observed and predicted performance for the conditions with and without 

opponents was determined to quantify the goodness of fit of the final models.

 In addition, we explored several interaction terms. Usually, interaction terms are not 

explored in predictive modelling as performed in the present study. The reason for this is the large 

number of possible interaction terms without any clear theoretical base for the interaction terms. 

However, for both the conditions without and with opponents, we decided to explore several 

interaction variables based on those predictors that from a practical perspective seemed the most 

promising to potentially reveal significant interactions. When appropriate, we also analysed 

the correlations between the predictors for both the conditions without and with opponents. 

Note further that we already checked all mutual associations between predictor variables when 

checking for multicollinearity using a correlation matrix including all predictor variables.

 One participant was excluded from the analyses, as her performance was identified 

as an outlier, that is, the participant performed more than three standard deviations from the 

median (time during phase 2). Two other participants were excluded because of missing GPS 

data; therefore, no performance measure (time during phase 2) for these participants could 

be calculated. After exclusion of the aforementioned three participants, 62 roundings without 

opponents performed by 11 sailors and 40 roundings with opponents performed by 10 out of 

11 sailors were analysed. Participants performed an unequal number of trials due to practical 

constraints (without opponents: M = 5.6, SD = 1.9; with opponents: M = 4.0, SD = 1.3).

RESULTS

WINDWARD MARK ROUNDING WITHOUT OPPONENTS

The ranking on windward mark rounding performance without opponents revealed 4 sailors 

with an International Sailing Federation (ISAF) ranking in the top 7 (see Table 3.1). Sixty-two 

windward mark trials without opponents performed by eleven participants were included in 

the GEE regression analyses (set of 14 possible predictors) using a forward selection procedure. 

The forward selection procedure resulted in eleven steps and hence included eleven predictors. 

Notably, release of the sheet, sailing the dinghy to windward side for the first time and heel angle 

during phase 3 were not among these. Predicted performance, using the final model (Table 3.2),
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showed a significant correlation with observed performance, r = .96 (p < .001). In the final model 

of the GEE regression analyses, 29% of the trials (n = 18) were included; note that in this final 

model, a range of participants with a higher and lower ranking were included.

Table 3.1. Ranking on windward mark rounding performance (without opponents) by time for phase 2 (s); also reported: 
average wind (kts), average speed during phase 2 (kts), speed at the end of phase 2 (kts), and average distance for phase 
2 (m).

Note: # Participants with an ISAF ranking

Visual search behaviour

As illustrated in Table 3.2, for phase 1, the regression coefficient (B) of visual search outside the 

dinghy was .025, which indicates that for every increase of 1 % in visual search time outside 

the dinghy during phase 1 performance is predicted to be .025 s slower. In addition, in the 

light of the same predictor, if visual search time outside the dinghy increases with 10%, then 

performance is forecasted to be .250 s slower (10% × .025 s). Likewise, an increase of 10% in 

visual search time to the tangent point during phase 1 is associated with a slower performance of 

.130 s. Hence, gazing more outside the dinghy and more specifically, to the tangent point, during 

phase 1, is related to a slower performance. For phase 2, an increase of 10% in visual search time 

outside the dinghy would predict a faster performance of .450 s. Next, an increase of 10% in 

visual search time to the tangent point during phase 2 is coupled with a faster performance of 

.850 s. Consequently, gazing more outside the dinghy and more specifically, to the tangent point, 

during phase 2, would predict a faster performance. For phase 3, an increase of 10% in visual 

search time outside the dinghy is related to a slower performance of .200 s. Finally, every change 

between gaze locations is associated with a faster performance of .243 s, indicating that more 

changes would predict a faster performance.
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Table 3.2. Final model of the GEE regression analyses after forward stepwise selection of the independent variables: 
performance without opponents (time needed to complete phase 2 in seconds) was predicted as function of visual search, 
movement behaviour, dinghy control, and environmental conditions.

Note: VSB = visual search behaviour; DC = dinghy control; MB = movement behaviour; EC = environmental conditions

Movement behaviour

If a sailor releases the Cunningham or outhaul 1 s before t = 0 (see Figure 3.1), performance is 

predicted to be .400 s faster. In addition, for every additional second, a sailor moves his body 

from a midst position to a position more rearwards (after t = 0), a slower performance of 2.25 s 

is predicted. In addition, we analysed the correlations between movement behaviour and visual 

search predictors based on Table 3.2. All correlations appeared to be small (r < .30) except for the 

correlation between moving the body from a midst position to a position more rearwards and 

visual search behaviour outside the dinghy during phase 3 (exit), r = –.487, p < 05. This indicates 

that when a sailor moves his body earlier to behind (after t = 0), this is related to a sailor gazing 

more outside the dinghy during the exit.

Dinghy control 

As shown in Table 3.2, for phase 1, every increase of 1° in heel angle deviated from water level 

forecasts a slower performance of .105 s. For phase 2, an increase of 1° in heel angle deviated from 

level is related to a faster performance of .345 s. Consequently, if a sailor sails his dinghy as flat as 

possible during phase 1 and with more heel to windward side during phase 2, then performance 

is predicted to be faster.
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Environmental conditions

Every increase of 1 knot (wind speed) was associated with a faster performance of .427 s. 

Additional correlation analyses revealed that for the condition without opponents, wind speed 

correlated with visual search behaviour outside the dinghy during the approach (phase 1) and 

gazing at the tangent point during the actual rounding (phase 2), r = .325, p < .05 and r =  .323, 

p < .05, respectively. Consequently, a higher wind speed was associated with gazing more outside 

the dinghy during the approach and gazing less to the tangent point during the actual rounding.

Interaction variables 

For the condition without opponents, we explored four interaction variables based on the 

predictors in Table 3.2. That is, we examined the interaction of i) heel angle (phase 1) and 

visual search outside the dinghy (phase 2), ii) heel angle (phase 1) and gazing at the tangent 

point (phase 2), iii) wind speed and moving the body from a midst position to a position more 

rearwards (after t = 0) and iv) heel angle (phase 1) and the release of the Cunningham (before t 

= 0). Results revealed that only the interaction between wind speed and moving the body from a 

midst position to a position more rearwards (after t = 0) was significant, p = .019.

WINDWARD MARK ROUNDINGS WITH OPPONENTS

The ranking on windward mark rounding performance with opponents revealed 4 sailors with an 

ISAF ranking in the top 7 (see Table 3.3). Forty windward mark trials with opponents performed 

by ten participants were included in the GEE regression analyses (set of 15 possible predictors) 

using a forward selection procedure. The forward selection procedure resulted in eight steps 

(presented in Table 3.4) and hence included eight predictors. Notably, visual search outside the 

dinghy during phase 1 and phase 3, moving the body to behind, release of the sheet, sailing the 

dinghy to windward side for the first time, heel angle during phase 3 and amount of dinghies in 

front were not among these. Predicted performance, using the final model (Table 3.4), showed 

a significant correlation with observed performance, r = .86, p < .001. In the final model of the 

GEE regression analyses, 55% of the trials (n = 22) were included; note that in this final model, 

a range of participants with a higher and lower ranking were included.
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Table 3.3. Ranking on windward mark rounding performance with opponents (time needed to complete phase 2 in 
seconds); also reported: average wind (kts), average speed during phase 2 (kts), speed at the end of phase 2 (kts), and 
average distance for phase 2 (m).

Note: # Participants with an ISAF ranking

Visual search behaviour 

As presented in Table 3.4, for phase 1, the regression coefficient (B) of visual search to the 

tangent point was –.002, which indicates that for every increase of 10% in visual search time 

to the tangent point during phase 1, the performance is predicted to be .020 s faster. Hence, 

gazing more to the tangent point during phase 1 is associated with a faster performance. For 

phase 2, an increase of 10% in visual search outside the dinghy is related to a slower performance 

of .150 s. Furthermore, every increase of 10% in visual search time to the tangent point during 

phase 2 predicts a faster performance of .090 s. Consequently, gazing more outside the dinghy 

is associated with a slower performance, as opposed to gazing more to the tangent point, which 

is related with a faster performance. Moreover, every change between gaze locations is associated 

with a slower performance, that is, performance is predicted to be .140 s slower.

Movement behaviour 

For phase 1, every additional second a sailor releases the kicking strap before t = 0 (see Figure 

3.1), performance is predicted to be .468 s faster. The variables release of the sheet and sailing the 

dinghy for first time to the windward side and moving the body to behind were not in the final 

regression model. We also analysed the correlations between movement behaviour and visual 

search predictors for the condition with opponents based on Table 3.4. All correlations appeared 

to be small (r < .30) except for the correlation between the amount of changes between releasing 

the kicking strap and gaze locations, r = .440, p < .05. Hence, releasing the kicking strap earlier
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 (before t = 0) was associated with more changes between gaze locations. 

Dinghy control 

As shown in Table 3.4, for phase 1, every increase of 1° in heel angle, deviated from water level 

(zero degrees), forecasts a slower performance of .119 s. For phase 2, every increase of 1° in heel 

angle, deviated from level, would predict a faster performance of .186 s. Consequently, if a sailor 

sails his dinghy as flat as possible during phase 1 and with more heel to windward side during 

phase 2, then performance is predicted to be faster. The variable heel during phase 3 was not 

present in the final regression model.

Table 3.4. Final model of the GEE regression analyses after forward stepwise selection of the independent variables: 
performance (time needed to complete phase 2 without opponents) was predicted as function of visual search, movement 
behaviour, dinghy control, and environmental conditions.

Note: VSB = visual search behaviour; DC = dinghy control; MB = movement behaviour; EC = environmental conditions

Environmental conditions 

Every increase of 1 knot (wind speed) was associated with a faster performance of .386 s. More 

importantly, the variable total amount of dinghies in front was not included in the final regression 

model. For the condition with opponents, wind speed correlated with visual search outside the 

dinghy and gazing at the tangent point, both during the actual rounding (phase 2), r = .521, p = 

.003 and r = –.493, p = .006, respectively. This indicates that higher wind speeds were related to 

gazing more outside the dinghy but less at the tangent point, during the actual rounding.

Interaction variables

For the condition with opponents we explored four interaction variables based on the predictors
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in Table 3.4. We examined the interaction of i) heel angle (phase 1) and visual search outside 

(phase 2), ii) wind speed and gazing at the tangent point (phase 2), iii) heel angle (phase 1) and 

amount of changes between gaze locations and iv) heel angle (phase 1) and the release of the 

kicking strap (before t = 0). None of these interactions were significant.

DISCUSSION

The aim of this study was to explore whether several variables pertaining to a) visual search 

behaviour, b) movement behaviour, c) boat control and d) environmental conditions contribute 

to performance during the windward mark rounding in sailing. The findings revealed that all four 

factors are associated with performance, yet to varying degrees. Across conditions, results revealed 

that, as regards visual search, better performances were related to gazing more to the tangent 

point during the actual rounding. With respect to movement behaviour, superior performance 

was associated with the release of the trimming lines close to the mark. Moreover, it was related 

to approaching the mark with little heel, yet heeling the dinghy more to the windward side when 

rounding the mark. For the purposes of clarity, each factor is discussed in the following order: 

a) visual search behaviour, b) movement behaviour, c) dinghy control and d) environmental 

conditions. 

 The visual search measures in the present study add to our understanding of how skilled 

sailors use their vision to support performance in a representative environment. Most notably, it 

was found that for phase 2 better sailing performances were related to gazing more to the tangent 

point of the mark (across both experimental conditions). This finding is in line with studies in 

car driving and speed skating (e.g., Kandil et al., 2010; Land & Lee, 1994; Land & Tatler, 2001; 

Vickers, 2006) highlighting that gazing at the tangent point is related to better performance. In 

keeping with Kandil et al. (2010) findings in car driving, we speculate that gazing at the tangent 

point indicates the critical starting point of the actual rounding in space and time. As a result, 

we surmise that if sailors fail to gaze at the tangent point during the right phase of the windward 

mark rounding (i.e. phase 2), they are likely to start their initial steering actions either too late 

or too early which in turn may deteriorate performance. It follows that based on our preliminary 

findings, sailors are advised to gaze at the tangent point during the start of the actual rounding 

(phase 2) of a windward mark. A second predictor was gazing more outside the dinghy during 

the actual rounding (solely without opponents). In addition, better performances appeared to 

be associated with more changes between gaze locations in the condition without opponents 

(i.e. a higher scan ratio) during the entire windward mark rounding (see Table 3.2). These 

findings suggest that sailors search for relevant information in the visual field outside the dinghy 
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(i.e. direction of wind, waves and/or current) while sailing alone. However, perhaps surprisingly, 

for the experimental condition with opponents, skilled performance was associated with gazing 

less outside the dinghy and showing fewer changes between gaze locations (for different findings 

in soccer, see, for instance, Roca, Ford, McRobert, & Williams, 2013). While this finding 

contradicts previous studies (e.g., Underwood et al., 2011), a potential explanation might 

be that better performances were related to specific visual search behaviour in the condition 

with opponents. In the condition with opponents, participants – when gazing at outside gaze 

locations – gazed almost a quarter of the time (M = 22.6%) at other dinghies. Yet, for the 

condition without opponents, by definition, these 22.6% could not be preoccupied gazing at 

other dinghies, but were available to be visually directed to other gaze locations, such as the 

tangent point. This may explain why participants’ gaze towards the tangent point may have 

resulted in superior performances. Furthermore, for the experimental condition with opponents, 

other boats in front of the dinghy might have occluded vision towards relevant gaze locations 

outside the dinghy. In this respect, instead of training windward mark roundings alone, most 

common in daily practice, our results seem to suggest that coaches and athletes would be better 

advised to train windward mark roundings with opponents. That is, sailors should demonstrate 

functional behaviour while adapting to the changing environments and fellow opponents (e.g., 

Fajen et al., 2009; Passos et al., 2008). During phase 1 (i.e. the approach), visual search predictors 

that were significantly and positively associated with performance were gazing less to outside 

gaze locations and less to the tangent point (solely without opponents). This result is in contrast 

with previous findings in speed skating or car driving. A potential explanation may reside in the 

different speeds reached in sailing when compared to speed skating or car driving. That is, in 

dinghy sailing, speeds are relatively slower. For instance, elite speed skaters can reach speeds up to 

50 kph on a flat oval, and cars can easily drive 80 kph through a bend (e.g., Kandil et al., 2010; 

Land & Tatler, 2001; Vickers, 2006), whereas dinghies travel at speeds of approximately 8–10 

kph during the windward mark. It follows that speed skaters and car drivers may be forced to gaze 

relatively early at the tangent point due to the high speeds reached. By contrast, the lower speeds 

and the less demanding temporal constraints during the approach of the windward mark (i.e. 

lining up) may allow sailors to focus on gaze locations inside the boat (e.g. boat trimming) and 

only direct their visual search to locations outside the boat and the tangent point when getting 

relatively close to the windward mark (i.e. when they enter phase 2). However, we cannot rule 

out that sailors may have used other relevant information prior to the start of our measurements 

(i.e. before phase 1). Throughout phase 3 (i.e. the exit), and similar to phase 1, sailors with 

a better performance gazed less outside the dinghy while competing without opponents. 
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A possible explanation for this result might be that skilled sailors gaze less outside the dinghy to 

trim the sail optimally to continue their path downwind to the next mark and hence maintain a 

higher speed during the exit.

 With respect to movement behaviour, for phase 1, the releases of several trimming lines 

were significant predictors, irrespective of experimental condition. This implies that the timing of 

the release of the trimming lines during the approach, more specifically, shortly before the actual 

rounding, predicts windward mark rounding performance. If a sailor releases his trimming lines 

“off time” during the approach, that is, after t = 0 (see Figure 3.1), this is associated with a slower 

performance. In addition, correlation analyses revealed that in the condition with opponents 

releasing the kicking strap earlier (before t = 0) related to more changes between gaze locations. 

A second predictor was moving the sailor’s body to behind (solely without opponents). That is, 

superior sailing performance was associated with “hopping” the body from a more midst position 

to a position more rearwards closely after the rounding (i.e. later than t = 0). The present finding 

seems to be consistent with video material used to instruct laser sailing to talents (Davidson, 

2009; van Mackelenbergh, 2010). Moreover, when sailors moved their bodies earlier to behind 

(i.e. after t = 0), this was associated with gazing more outside the dinghy during the exit in the 

condition without opponents. The variables sheet release and sailing the dinghy for the first 

time to windward side did not predict performance, regardless of experimental condition. It is 

conceivable that the high standard deviations for these variables in both experimental conditions 

may have impeded them as predictors. Nevertheless, superior sailing performance is related to 

a specific movement behaviour pattern during the approach and actual rounding, which is in 

accordance with findings of a previous computer-simulated sailing study by Araújo et al. (2005).

 Regarding dinghy control, for phase 1, the heel angle of the dinghy was a significant 

predictor. That being said, better sailing performance was linked with sailing the dinghy with 

less heel angle to windward or leeward side during the approach of the mark. In fact, sailing 

the dinghy as flat as possible is associated with a faster performance. Similarly, phase 2 also 

revealed heel angle as a predictor; however, it was found that in contrast to phase 1, better 

sailing performance is associated with steering the dinghy with more heel to windward side 

throughout this phase. Clearly, it can be assumed that skilled sailors possess a superior capacity 

to heel the dinghy more to the windward side and to steer the rudder to a lesser degree and 

hence maintaining a higher speed while rounding. Finally, phase 3 revealed no significant 

predictors for the dinghy control, measured by heel angle. In the course of the last phase 

of the rounding, sailors have various options to steer downwind (i.e. to the left or right, or 

straight), corresponding to an angle of approximately 120°. For this reason, higher standard 

deviations are likely to have been found for heel angle in our data set during this last phase.
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 As regards environmental conditions, wind speed was a significant predictor, that is, 

more wind was linked with a faster performance. Higher wind speeds were also associated with 

gazing more outside the dinghy during the approach and gazing less to the tangent point during 

the actual rounding when sailing alone. Similarly, when sailing against competitors, higher wind 

speeds were related to gazing more outside the dinghy but less at the tangent point, during the 

actual rounding. These findings further highlight that appropriate sampling of environmental 

conditions in experimental designs is imperative (e.g., Araujo et al., 2007; Dicks et al., 2009).

CONCLUSIONS AND RECOMMENDATIONS

In conclusion, our results indicate that windward mark rounding performance is associated with 

visual search behaviour, movement behaviour, dinghy control and environmental conditions. 

Returning to the hypotheses posed at the beginning of this study, it is now possible to formulate 

practical implications for coaches. In this respect, coaches and athletes are advised to train 

windward mark roundings with opponents. More specifically, for phase 1, sailors are advised 

to release the trimming lines (i.e. Cunningham, outhaul and kicking strap) close to the actual 

rounding, and sail the boat as flat as possible. In addition, for phase 2, sailors are recommended to 

gaze to the tangent point and steer the dinghy with a substantial heel angle to the windward side. 

Moreover, as noted previously, no clear implications were inferred for phase 3. Collectively, these 

findings provide initial evidence to examine targeted interventions in sailing for the approach 

and actual rounding of a windward mark.


