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Abstract
Thirteen international netballers viewed computerized static images of scenarios taken from netball open play. Two ‘team mates’, each marked by one opponent, could be seen in each image; each team mate-opponent pair was located on opposite sides of the display, such that a binary response was required (‘left’ or ‘right’) from the participant, in order to select a team mate to whom they would pass the ball. For each trial, a spoken word (“left”/“right”) was presented monaurally at the onset of the visual image. Spatially invalid auditory cues (i.e., in the ear contralateral to the correct passing option [as judged by three netball experts]), reduced performance accuracy relative to valid ones. Semantically invalid cues (e.g., a call of “left” when the target was right-located), increased response times relative to valid ones. However, there were no accompanying changes in visual attention to the team mates and their markers. The effects of auditory cues on covert attentional shifts and decision-making are discussed.
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Introduction
The manipulation of visual attention has predominantly been investigated using visual cues 
 ADDIN EN.CITE 
(e.g., Cañal-Bruland, 2009; Cañal-Bruland & Hagemann, 2007; Wright & Ward, 2008)
. However, the ability of auditory stimuli to capture visual attention has recently been examined 
 ADDIN EN.CITE 
(Bishop, Moore, Horne, & Teszka, 2014; Koelewijn, Bronkhorst, & Theeuwes, 2009a; Sosa, Clarke, & McCourt, 2011)
. When an unanticipated stimulus is presented, be it auditory or visual, we reflexively orient our attention to the perceived location of the event. This bottom-up or exogenous orienting of attention can manifest itself overtly via eye movements (Theeuwes & Kramer, 1998), or in a covert manner without accompanying eye movements (Theeuwes, 1994). Exogenous capture of visual attention has typically been studied using the cueing paradigm 
 ADDIN EN.CITE 
(Posner, 1980; Posner, Snyder, & Davidson, 1980)
, in which a visuospatial cue is either predictive or non-predictive of a subsequent target’s location (i.e., occurring congruently with the target at chance frequency). People respond more quickly and accurately to validly cued targets, even when the visual cues are non-predictive (Yantis & Jonides, 1990). 
Spatially non-predictive auditory cues are equally capable of capturing our attention; responses to cued targets are typically faster than to those at uncued locations (Wright & Ward, 2008). The effects of such exogenous orienting can last for almost half a second after cue onset 
 ADDIN EN.CITE 
(Bendixen et al., 2010; McDonald, Teder-Salejarvi, & Hillyard, 2000)
. Endogenous (i.e., top-down) manipulation of attention via auditory cues is also possible. In an eye movement study, Salverda and Altmann (2011) investigated the effects of spoken cues on participants’ ability to detect a visual target. Participants had to generate a saccade to the target, after hearing a word that either referred to that target or to a distracter object. The latency of saccades was longer when the words referred to distracters, but shorter when they referred to the target. In a further experiment, the authors showed that participants were quicker to detect subtle changes in target stimuli when the target had been verbally cued 400 ms previous. The authors suggested that the verbal cues were held in working memory and consequently affected visual task performance.
Bishop, Moore, Horne, and Teszka (2014) asked skilled netballers to perform three visual tasks during which participants heard spoken cues concurrently (stimulus onset asynchrony [SOA] of 0 ms). These cues were the spoken words “left” and “right”, presented monaurally such that their congruence with a visual target varied according to both the word presented (i.e., semantically) and the ear of presentation (i.e., spatially); attention was therefore oriented endogenously and exogenously, respectively. In a target detection task in which serial visual search was required, both semantically and spatially invalid (i.e., incongruent) cues slowed detection times, suggesting that visual attention was oriented to the hemifield contralateral to that of the target. In a spatial discrimination task, spatially invalid cues (in the ear contralateral to the target) reduced participants’ accuracy. In a third task, participants were required to select a passing option from static images in which two team mates and their corresponding markers were visible; each pair was located in a different hemifield. Similarly to the visual detection task, invalid cues of both types slowed decision times; they also reduced participants’ accuracy. Moreover, spatial, not semantic, cues seemed to be the primary determinant of decision-making accuracy. The authors concluded that, in the netball task, increased visual attention to a hemifield was a likely determinant of decision preferences (cf. Shimojo, Simion, Shimojo, & Scheier, 2003) – but they also acknowledged the possibility of a ‘priming effect’ of the semantic cues 
 ADDIN EN.CITE 
(cf. Salverda & Altmann, 2011; Soto & Humphreys, 2007)
. However, there were no eye movement data to corroborate or disprove either notion.
Accordingly, we used the same netball-specific task as that employed by Bishop, Moore, et al. (2014), to examine the contribution of eye movements to netballers’ decision-making. In accordance with Bishop et al.’s findings and those of others (e.g., Salverda & Altmann, 2011), we proposed that auditory cues that varied in terms of both their semantics and their spatial location would affect decision-making, in terms of accuracy and response times; specifically, that invalid cues would increase decision times and reduce accuracy relative to valid ones. We tentatively hypothesized that gaze behaviour would not be significantly affected by the auditory cues, because the high cognitive demands of the decision-making task would override any reflexive orienting of attention 
 ADDIN EN.CITE 
(cf. Bishop, Moore et al., 2014; Santangelo, Olivetti Belardinelli, & Spence, 2007)
; hence, according to this hypothesis, any shifts in attention were likely to be covert.
Methods
Participants.
A convenience sample of thirteen international netball players, aged 18 to 27 years (M = 20.4 yrs; SD = 2.7 yrs), were recruited to take part. All participants spoke English as their first language. Their competitive experience at international level ranged from 1 to 10 years (M = 4.3 yrs; SD = 3.0 yrs). All participants had normal or corrected-to-normal vision and normal hearing. All but one of the participants were right-handed.
Materials.

The images were presented using SR Research Experiment Builder software (SR Research Ltd, Osgoode, Canada). The images were displayed on a 21-in. CRT monitor (75 Hz). Screen resolution was set to 1024 x 768 pixels, such that the images filled the screen. Eye movements were recorded using an SR Research EyeLink 1000 eye tracker (SR Research Ltd, Osgoode, Canada) (monocular; 1000 Hz). Viewing distance was 57 cm, and the head was fixed using a chin rest. Saccades were defined as eye movements with velocities and accelerations exceeding 30(/s and 8,000(/s2 respectively. Responses were made via two keys (numbers 3 and 6) on the numeric keypad of a standard keyboard, using the index and middle fingers of the right hand respectively, such that the two keys were aligned in the sagittal plane.

Twenty-four still images, which had been taken from the remainder of Bishop, Moore, et al.’s (2014) original pool of 60 first-person perspective shots of competitive netball scenarios, were used; Figure 1 shows such an image (NB: the goal post lay along the midline of all images). It was explained to participants that the players in purple tops (no bibs) were team mates and that the aim of the task was to identify which of the team mates represented the best passing option (hereafter referred to as the target) – as judged unanimously by two international netball coaches and an international netball performance analyst (M international experience = 15.3 yrs; SD = 4.8 yrs); this approach has been successfully employed elsewhere 
 ADDIN EN.CITE 
(e.g., Bishop, Moore et al., 2014; Roca, Ford, McRobert, & Williams, 2011; Vaeyens, Lenoir, Williams, & Philippaerts, 2007)
. All images were flipped to form an equivalent set of mirror images, such that each scenario was associated with both a left-located and a right-located best passing option, yielding a total of 48 experimental trials. 
As per Bishop, Moore, et al. (2014), participants heard an auditory cue varying both semantically and spatially, at an SOA of 0 ms. For each task, there was an equal number of trials (12) for which (a) both spatial and semantic components of the cue were valid; (b) only the spatial component was valid; (c) only the semantic component was valid; and (d) both components were invalid; hence, the cues were entirely non-predictive across both components (participants were unaware of the predictive validity of the cues).
Procedure.

All experimental procedures were conducted pursuant to institutional ethics committee approval. Prior to their participation, participants were informed, in writing and verbally, as to what was required of them; they then gave their informed consent. Participants wore headphones throughout the experimental conditions. They were verbally informed that each trial would commence as soon as the stimulus appeared and that the auditory cue may or may not relate to the correct response; on-screen instructions reaffirmed this. They were also urged to respond as quickly and accurately as possible. Participants were instructed to fixate on the goal post (i.e., the midline) at the beginning of each trial; their complicity in this was confirmed by online analysis of their gaze. The eye tracker was calibrated using a 9-point calibration procedure, which was immediately followed by a validation procedure; calibrations were accepted if the mean error was less than 0.5 degrees. Displays remained visible until participants made a key press response. No feedback was given in between trials. The order of all trials was randomized. Participants performed six familiarisation trials comprising images not used in the main protocol.
Data analysis.

For each image, two interest areas (IAs) were created, each of which encompassed a team mate and her marking opponent; these were designated as either left or right IAs for purposes of analysis. Then percentage dwell time, number of fixations, and initial saccade latency for each IA were analyzed using Eyelink Data Viewer (SR Research Ltd, Osgoode, Canada); we hypothesized that these variables would collectively indicate visual attention to task-relevant stimuli. The data were then imported into IBM SPSS Statistics (v 20.0, SPSS Inc., Chicago, IL) for statistical analysis. Response data were also analysed using IBM SPSS Statistics. All variables were entered into correlational analyses to ascertain their viability for multivariate analysis (see Tabachnick & Fidell, 2012).
Results

Response data.

Accuracy and response time were uncorrelated, p > .05; hence univariate analyses were performed. In two 2-way ANOVAs, there was no interaction effect of spatial and semantic cue validity for either accuracy or response time, p > .05. Figures 2a and 2b show large effects of the spatial component on accuracy, F (1,12) = 23.70, p < .001, p2 = .66, and of the semantic component on response time, F (1,12) = 20.17, p < .005, p2 = .63, respectively. 
To examine potential effects of hemifield asymmetry in the effects of both cue types (see Sosa et al., 2011), we used two separate two-way ANOVAs to examine the interaction of cue location [L/R] and target location [L/R; the IA containing the target]. Figures 3a and 3b depict the interactions, and the location and magnitude of differences. Follow-up tests showed that there were no asymmetries: Irrespective of cue-target combinations, when spatial cue and target locations were congruent (i.e., left-left and right-right), accuracy was improved relative to both incongruent pairings, F (1,12) = 17.99, p < .005, p2 = .60; and when semantic cues were congruent, response times were faster relative to both incongruent pairings, F (1,12) = 20.17, p < .005, p2 = .63.
Eye movement data.
The three eye movement variables were uncorrelated, p > .05; hence univariate analyses were performed on these data also. Percentage dwell time, number of fixations, and initial saccade latency for the target were entered into separate three-way ANOVAs (spatial location x semantic location x target location) to assess overt visual attention to the target1 under all experimental conditions. All interaction effects and main effects were non-significant, p > .05. There was a significant effect of target location on initial saccade latency, F(1,12) = 30.98, p < .001, p2 = .72; specifically, initial saccades latencies were shorter to IAs on the right (M = 708.53 ms, SD = 156.98 ms) than to those on the left (M = 807.52 ms; SD = 174.69 ms). Table 1 shows the mean values and associated standard deviations for all eye movement data.
Discussion

We sought to examine putative contributions of eye movements to the previously established effects of spoken cues on performance of a netball-based decision-making task (Bishop, Moore et al., 2014). The effects of the auditory manipulations on performance were as predicted, and also of greater magnitude than previously observed (Bishop, Moore et al.): Spatially valid spoken cues yielded decisions that were considerably more accurate than invalid ones; and semantically valid cues led to response times greater than one-tenth of a second faster. However, contrary to previous findings in which visual detection or discrimination was required (Salverda & Altmann, 2011), and in accordance with our hypothesis, there were no differences in overt visual attention allocation to targets as a result of the cueing; potential reasons for this are discussed below. 
It is now well-established that our gaze behaviour is typically dictated by the nature of the task at hand, be it a simple everyday task such as making a cup of tea (Land & Hayhoe, 2001), or a more complex anticipation task such as saving a penalty kick in soccer 
 ADDIN EN.CITE 
(Dicks, Button, & Davids, 2010a, 2010b)
. Hence, the fact that there are marked differences between our findings and those of Salverda and Altmann (2011) are not wholly surprising; whereas their participants were required to fixate on the targets in order to perform the tasks, this was not a requirement of the present experiment. It is possible that, for any given trial, an optimal ‘anchor point’ enabled pickup of sufficient configural information to reach a decision (cf. Bishop, Kuhn, & Maton, 2014) – albeit a sometimes incorrect one. But we did not designate IAs to the regions between and around the players, because there was no a priori reason to do so. For the purposes of the task, those regions deemed to be relevant to the task were the players themselves; however, attention to open spaces has previously been acknowledged as advantageous in a soccer open play task in which passing options were selected (Roca et al., 2011). 
Shimojo et al. (2003) showed that preferences for a face (a naturalistic stimulus) could be engendered through directing participants’ visual attention to that face. Because we were unable to orient participants’ attention to the target with auditory cues, we could not engender such preferences overtly. Nonetheless, there is evidence that both cue types affected decision-making considerably, although the processes by which this happened for the two types are likely to be different. In the case of semantic cues, top-down processing is required in the first instance to process the meaning of the cue (Koelewijn et al., 2009a), and this same approach may easily be used in order to override/negate their effects. Conversely, exogenous cues exert their effects in an automatic fashion (Yantis & Jonides, 1990). However, the present data, in tandem with those of Bishop, Moore, et al. (2014), suggest that such cues may not just (covertly) orient attention, but also affect decision preferences. There are likely to be profound implications for performance not only in sports, but also other contexts (e.g., driving), and so this phenomenon warrants further scrutiny.
One possible explanation for the dearth of visual attention to the IAs is that the demands of the visual task overrode the effects of the spoken cues (cf. Santangelo et al., 2007). Indeed, this appeared to be the case for semantic component of the cues in Bishop, Moore, et al.’s (2014) spatial discrimination task: There was no effect on performance, but they did affect the speed with which the simpler visual detection task was performed. However, in both studies, invalid semantic cues were detrimental to performance of the netball task – in terms of both accuracy and response times. This suggests that, when focusing one’s attention on a perceptually demanding task, such as those encountered in many sporting contexts, the ability of exogenous cues to distract is diminished 
 ADDIN EN.CITE 
(cf. Koelewijn, Bronkhorst, & Theeuwes, 2009b; Lavie, Hirst, de Fockert, & Viding, 2004)
. Nonetheless, in the present study, the effects of the spatial cues were also potent. This may have been due to the somewhat subjective nature of the correct passing option; indeed, informally, a number of participants commented on the difficulty of some of the trials. Such difficulties may be avoided in future, by using stimuli for which there is an objectively correct outcome (e.g., identifying the player in possession of the ball vs. another team mate). An alternative approach would be to require that participants provide a confidence rating for each decision; this could then be used as a covariate in subsequent analyses.
For greater explanatory power, the present dataset would have been improved considerably with formal qualitative data, as it is difficult to ascertain the reasons behind a number of the findings – not least the fact that these expert netballers only performed at just above chance level, when Bishop, Moore, et al.’s (2014) less-skilled sample (on average) performed noticeably better. Hence, we can only speculate as to possible reasons for this: The ‘correct’ passing option was only subjectively rated, albeit by highly experienced watchers, and so the highly skilled players’ views might conceivably have conflicted with those of their watcher counterparts; the images viewed might have been more ambiguous for the experts because of their greater movement capabilities relative to Bishop, Moore, et al.’s sample, which meant that they perceived greater affordances/opportunities in the scenarios depicted; and, finally, the images were different from those previously used and so the correct passing option could have been more ambiguous still. 
Finally, one serendipitous finding that we do not want to overlook is that saccade latencies to the right were shorter than those to the left – possibly because, in western cultures, we are predisposed/trained to make such saccades as a by-product of reading (see Abed, 1991); the present participants were all English speakers. A straightforward test of this putative phenomenon would be to compare the netball task performance of people who read from right to left (e.g., Persian speakers) with those who read from left to right, in a matched pairs design: If leftward saccade latencies were shorter than their rightward counterparts in the former group, then it is probable that such biases are a culmination of extensive reading-related practice – in which case there may be marginal performance gains to be derived from training saccades in the contralateral direction to those typically made when reading.
Conclusions
Auditory cues that were spatially congruent with target location improved performance accuracy relative to those that were incongruent; and auditory cues that were semantically congruent with target location speeded up response times relative to incongruent ones. However, despite these effects on performance, there were no concomitant changes in gaze behaviour. Hence, although decision-making was clearly affected by both the spatial and semantic components of the auditory cues, any accompanying shifts in attention were covert, not overt – which may be a reflection of the task requirements. Future examinations of auditory-visual interactions, using dynamic or real-world visual tasks, may yield different crossmodal effects.
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Footnote

1. There was no difference in allocation of visual attention to the target-containing or non-target IAs, p > .05, for all cue combinations. Hence, non-target data were excluded for parsimony of presentation.

Tables and Figures
Table 1
Eye Movement Data: Attention to Target-containing Interest Area
	Mean
(SD)
	Target

	
	Left
	Right

	Spatial cue
	Left
	Right
	Left
	Right

	Semantic cue
	Left
	Right
	Left
	Right
	Left
	Right
	Left
	Right

	% Dwell time
	17.10

(3.36)
	16.64

(2.77)
	16.78

(3.32)
	16.13

(2.69)
	17.11

(3.09)
	15.80

(3.48)
	16.31

(3.02)
	15.92

(2.45)

	Fixation count
	0.89

(0.26)
	0.88

(0.31)
	0.87

(0.33)
	0.91

(0.29)
	0.86

(0.22)
	0.85

(0.25)
	0.84

(0.24)
	0.84

(0.30)

	Initial saccade latency (ms)
	793.91

(130.20)
	811.37

(172.64)
	835.00

(196.53)
	788.78

(199.40)
	750.88

(213.83)
	725.06

(96.55)
	678.17

(155.34)
	680.01

(162.20)


Figure 1. Sample Visual Stimulus
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Note: Actors’ faces were obscured for confidentiality purposes only.

Figure 2. Main effects of spatial and semantic cues. 
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* p < .005; ** p < .001.

Figure 3. Cue-target interactions for accuracy and response time.
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Note: Error bars omitted for clarity (high degree of overlap).

