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Introduction

Executive control of attention plays a central role in human cognition as the mechanism that allows the selection and prioritization of the processing of goal-relevant information to reach consciousness, and is achieved via the interplay with the other two components of attention, the alerting function for the preparation and maintenance of a state of readiness, and the orienting function for the direction of attention towards relevant features of a stimulus [START_REF] Fan | Testing the behavioral interaction and integration of attentional networks[END_REF][START_REF] Petersen | The attention system of the human brain: 20 years after[END_REF]Spagna, Mackie, & Fan, 2015). Evidence in favor of a right hemisphere dominance for orienting of attention came initially from studies of patients with unilateral hemispatial neglect [START_REF] Bartolomeo | Visual neglect[END_REF][START_REF] Bartolomeo | Orienting of attention in left unilateral neglect[END_REF]Chica et al., 1987) are two models proposing alternative mechanisms underlying the RH advantage of attention: while the former stated that the RH advantage is rather a "disadvantage" of the LH that is able to orient only towards the contralateral visual field (as opposed to the RH that can direct attention to both visual fields, hence the dominance), the latter proposed that each hemisphere has its own "contralateral vector of attention", and that a lesion to one of the two hemispheres disrupts the normal balance and favors the orienting towards the ipsilesional visual field. Perhaps due to the involvement of both hemispheres in orienting, as shown in a wealth of neurophysiological studies [START_REF] Corbetta | The reorienting system of the human brain: from environment to theory of mind[END_REF][START_REF] Corbetta | Control of goal-directed and stimulus-driven attention in the brain[END_REF][START_REF] Fan | The activation of attentional networks[END_REF][START_REF] Xuan | The activation of interactive attentional networks[END_REF], behavioral studies have revealed inconsistent results concerning this function of attention, with some studies revealing a RH dominance (exp. 1 of [START_REF] Asanowicz | Hemispheric asymmetry in the efficiency of attentional networks[END_REF][START_REF] Evert | Hemispheric asymmetries for selective attention apparent only with increased task demands in healthy participants[END_REF][START_REF] Greene | Measuring attention in the hemispheres: the lateralized attention network test (LANT)[END_REF][START_REF] Kałamała | Task strategy may contribute to performance differences between monolinguals and bilinguals in cognitive control tasks: ERP evidence[END_REF][START_REF] Poynter | Visual field asymmetries in attention vary with self-reported attention deficits[END_REF][START_REF] Śmigasiewicz | Bias for the left visual field in rapid serial visual presentation: Effects of additional salient cues suggest a critical role of attention[END_REF], while other studies failed to find a hemispheric asymmetry (exp. 2 of [START_REF] Greene | Measuring attention in the hemispheres: the lateralized attention network test (LANT)[END_REF][START_REF] Spagna | Hemispheric modulations of the attentional networks[END_REF][START_REF] Tao | The efficiency of attentional networks in early and late bilinguals: the role of age of acquisition[END_REF].

Controversies also exist regarding the RH superiority of the other two components, the alerting and executive control function. Behavioral studies have not found significant visual field difference for the alerting network in healthy individuals [START_REF] Asanowicz | Hemispheric asymmetry in the efficiency of attentional networks[END_REF][START_REF] Greene | Measuring attention in the hemispheres: the lateralized attention network test (LANT)[END_REF][START_REF] Marzecova | The effects of bilingualism on efficiency and lateralization of attentional networks[END_REF][START_REF] Spagna | Hemispheric modulations of the attentional networks[END_REF], possibly due to the simplicity of the testing procedure used, as stronger attentional asymmetries have been shown to come from more difficult tasks [START_REF] Jonides | Left and right visual field superiority for letter classification[END_REF][START_REF] Verleger | On why left events are the right ones: neural mechanisms underlying the left-hemifield advantage in rapid serial visual presentation[END_REF][START_REF] Welcome | How dynamic is interhemispheric interaction? Effects of task switching on the across-hemisphere advantage[END_REF]. Nonetheless, a greater deficit in alerting has been found after RH damage to regions of the parietal lobe partially overlapping with those related to the hemispatial neglect discussed above [START_REF] Fernandez-Duque | Brain imaging of attentional networks in normal and pathological states[END_REF][START_REF] Petersen | The attention system of the human brain: 20 years after[END_REF]; see also [START_REF] Posner | Measuring alertness[END_REF]. For the executive control, behavioral evidence of an hemispherical asymmetry mostly derives from a lateralized version of the Stroop task [START_REF] Stroop | Studies of interference in serial verbal reactions[END_REF], a task that heavily relies on the well-known left-lateralized language function, and a RH advantage for conflict processing has been found in some studies [START_REF] Asanowicz | Hemispheric asymmetry in the efficiency of attentional networks[END_REF][START_REF] Kałamała | Task strategy may contribute to performance differences between monolinguals and bilinguals in cognitive control tasks: ERP evidence[END_REF][START_REF] Marzecova | The effects of bilingualism on efficiency and lateralization of attentional networks[END_REF][START_REF] Poynter | Visual field asymmetries in attention vary with self-reported attention deficits[END_REF][START_REF] Weekes | The effects of procedural variations on lateralized Stroop effects[END_REF] but not in others [START_REF] Belanger | The lateralized stroop: a meta-analysis and its implications for models of semantic processing[END_REF][START_REF] Greene | Measuring attention in the hemispheres: the lateralized attention network test (LANT)[END_REF][START_REF] Konrad | Development of attentional networks: an fMRI study with children and adults[END_REF][START_REF] Spagna | Hemispheric modulations of the attentional networks[END_REF]. Overall, whether a RH dominance of attention exists across all three functions remains unclear, along with the mechanisms responsible for such unilateral advantage of attention.

A potential reason for the above-mentioned inconsistent results, especially regarding the executive control function, may reside in the neglected consideration of the interplay among the components [START_REF] Badre | Defining an ontology of cognitive control requires attention to component interactions[END_REF] that leads to the unitary construct of attention. Although initially conceived as three independent components, both in terms of function [START_REF] Fan | Testing the efficiency and independence of attentional networks[END_REF] and associated brain structure [START_REF] Fan | The activation of attentional networks[END_REF], the interplay between the alerting, orienting, and executive control was soon after identified as a key component in the prioritization of mental computations [START_REF] Callejas | Modulations among the alerting, orienting and executive control networks[END_REF][START_REF] Callejas | The three attentional networks: on their independence and interactions[END_REF][START_REF] Chica | Attention networks and their interactions after right-hemisphere damage[END_REF][START_REF] Fan | Testing the behavioral interaction and integration of attentional networks[END_REF][START_REF] Liu | Top-down modulation of neural activity in anticipatory visual attention: control mechanisms revealed by simultaneous EEG-fMRI[END_REF][START_REF] Macaluso | Orienting of spatial attention and the interplay between the senses[END_REF][START_REF] Martella | Alerting, orienting and executive control: the effects of sleep deprivation on attentional networks[END_REF][START_REF] Spagna | Clozapine improves the orienting of attention in schizophrenia[END_REF]Spagna, Mackie, et al., 2015;[START_REF] Spagna | Efficiency and interactions of alerting, orienting and executive networks: The impact of imperative stimulus type[END_REF]. For example, efficient dynamics among these functions may ameliorate the inattentional symptoms associated with hemispatial neglect [START_REF] Chica | Attention networks and their interactions after right-hemisphere damage[END_REF], which may open critical rehabilitation perspectives [START_REF] Manly | Rehabilitation of executive function: facilitation of effective goal management on complex tasks using periodic auditory alerts[END_REF][START_REF] Robertson | Oops!': performance correlates of everyday attentional failures in traumatic brain injured and normal subjects[END_REF]. Evidence of modulatory effects involving the alerting function were first observed in studies showing the beneficial effect of an alerting cue on the orienting function [START_REF] Fernandez-Duque | Relating the mechanisms of orienting and alerting[END_REF][START_REF] Fuentes | The time course of alerting effect over orienting in the attention network test[END_REF][START_REF] Li | The effect of phasic alertness on temporal precision[END_REF][START_REF] Mullane | The development of and interaction among alerting, orienting, and executive attention in children[END_REF][START_REF] Wiegand | Phasic alerting increases visual attention capacity in younger but not in older individuals[END_REF], and the detrimental effect of an alerting cue (whether visual or auditory) in conflict resolution [START_REF] Asanowicz | Differential effects of phasic and tonic alerting on the efficiency of executive attention[END_REF][START_REF] Callejas | Modulations among the alerting, orienting and executive control networks[END_REF][START_REF] Callejas | The three attentional networks: on their independence and interactions[END_REF][START_REF] Zani | How voluntary orienting of attention and alerting modulate costs of conflict processing[END_REF]. The synergistic cooperation between the endogenous (i.e., voluntary) orienting and executive control function has also been shown in the form of a more precise selection of target information reducing the distracting effect of irrelevant information [START_REF] Callejas | Modulations among the alerting, orienting and executive control networks[END_REF][START_REF] Callejas | The three attentional networks: on their independence and interactions[END_REF][START_REF] Fan | Testing the behavioral interaction and integration of attentional networks[END_REF][START_REF] Fuentes | The time course of alerting effect over orienting in the attention network test[END_REF]Spagna, Mackie, et al., 2015), while exogenous (i.e., automatic) orienting has been shown to impair conflict resolution [START_REF] Trautwein | Stimulus-Driven Reorienting Impairs Executive Control of Attention: Evidence for a Common Bottleneck in Anterior Insula[END_REF]. Executive control has been proposed to be located at the top of a hierarchical structure and acting irrespectively of sensory modalities (i.e., supramodal) [START_REF] Donohue | Is conflict monitoring supramodal? Spatiotemporal dynamics of cognitive control processes in an auditory Stroop task[END_REF][START_REF] Fernandez | Audiovisual integration as conflict resolution: The conflict of the McGurk illusion[END_REF][START_REF] Roberts | Examining a supramodal network for conflict processing: a systematic review and novel functional magnetic resonance imaging data for related visual and auditory stroop tasks[END_REF][START_REF] Spagna | Deficit of supramodal executive control of attention in schizophrenia[END_REF]Spagna, Mackie, et al., 2015), with the alerting and orienting functions being located at a lower level and tied more to modality-specific mechanisms [START_REF] Bushara | Modality-specific frontal and parietal areas for auditory and visual spatial localization in humans[END_REF][START_REF] Langner | Modality-specific perceptual expectations selectively modulate baseline activity in auditory, somatosensory, and visual cortices[END_REF][START_REF] Salmi | Orienting and maintenance of spatial attention in audition and vision: multimodal and modality-specific brain activations[END_REF][START_REF] Thiel | Visual and auditory alertness: modality-specific and supramodal neural mechanisms and their modulation by nicotine[END_REF][START_REF] Ward | Supramodal and modality-specific mechanisms for stimulus-driven shifts of auditory and visual attention[END_REF][START_REF] Yang | An event-related FMRI study of exogenous orienting across vision and audition[END_REF]. Therefore, investigating the hemispherical asymmetries of the executive control under different states of alerting and orienting may provide useful insights on the dynamics from which attention emerges as a unitary cognitive function.

In this study we employed the visual field methodology [START_REF] Bourne | The divided visual field paradigm: Methodological considerations[END_REF] to examine the efficiency and interactions of the attentional networks separately in the RH and LH. The hemispherical asymmetry of the executive control was investigated under different alerting and orienting conditions by using a lateralized version of the attentional network test (LANT-R). In this task, the hemispherical difference for executive control of attention was examined by presenting the target in the left or right visual field, under the conditions of congruent or incongruent flankers to generate the conflict effect, preceded by bilateral or unilateral visual cues to trigger the alerting and the orienting functions, respectively. We predicted a RH superiority in the executive control function, as shown by a reduced conflict effect, and that such superiority should be facilitated by the activation of alerting and orienting functions.

Method and Materials

Participants

Fifty students taking the Introduction to Psychology course at Queens College, the City University of New York (CUNY) participated in this study. Data from two participants were not included in the analyses due to low accuracy (approaching chance level) and an overall response time (RT) greater than two standard deviations (SD) from the group mean. The remaining participants (n = 48) consisted of 40 females and 8 males, with an average age of 20.8 years old (SD = 3.22), ranging from 18 to 25. All but one participant were right-handed, and all participants had normal or corrected-to-normal vision. Written informed consent approved by the Institutional Review Board of Queens College, CUNY was obtained from all participants prior to participation.

The Lateralized Attention Network Test -Revised (LANT-R)

The LANT-R is a modified version of the revised attention network test [START_REF] Fan | Testing the behavioral interaction and integration of attentional networks[END_REF] to measure the hemispherical differences in the efficiency of the attentional functions (alerting, orienting, executive control) and their interactions. Figure 1 illustrates the sequence of events of the LANT-R. On the screen with a gray background, there were two vertically aligned rectangular boxes with a black outline located to the left and right of a central fixation cross. For each trial, five arrows appeared in either the left or right box, with the center arrow (the target) pointing either up or down, and the other arrows located above or below the target pointing either toward the same direction (flanker congruent condition) or toward the opposite direction (flanker incongruent condition). Participants were required to indicate the direction of the target by pressing the corresponding button on the mouse. The target was cued under one of three cueing conditions: double cue (i.e., the outline of both boxes changing from black to white), spatial cue (the outline of one of the boxes changing from black to white), or no cue (no change in the outline of any of the boxes). The double cue was used as an alerting stimulus by providing temporal information about the impending target, regardless of location. The spatial cue was designed to validly or invalidly orient the participant's attention to either the left or the right side, thus providing both temporal and spatial information about the impending target. In each trial, participants were required to indicate the direction of a central arrow surrounded both above and below by two flanker arrows, either pointing in the same (congruent) or in the opposite (incongruent) direction as the target.

The size of the central fixation cross, located in the middle of the screen and visible throughout the entire task, was 1° of visual angle. The five black arrows that appeared on either side were .56° each. The arrows were separated by .06° of space, and the stimuli (target arrow and the flankers) subtended a total of 3.27°. Each box was located 5° from the central fixation cross. Preceding the target by three cue-to-target intervals (0 ms, 400 ms, 800 ms) equally likely to be presented, the change in the outline of the boxes from black to white lasted 100 ms, then the target and flankers were presented for 500 ms. Following the arrow presentation, there was a variable inter-trial interval ranging from 2000 to 12000 ms, with a mean interval of 4000 ms.

Each trial had a mean duration of 5000 ms. The test consisted of 4 blocks, with each block containing 72 trials. On half of the trials (i.e., 144), the participant was shown a valid spatial cue, while the remaining trials were equally divided in 48 trials of a double cue condition, 48 trials of an invalid spatial cue condition, and 48 trials of a no cue condition. There was equal number of trials in the congruent and incongruent condition. In total, each block took 420 seconds to be completed, and the entire experiment took around 30 minutes to be completed. Prior to the beginning of the experimental session, the participant completed a short practice session consisting of 32 trials. During the practice session, participants were provided with feedback on accuracy and response time on each trial.

The practice session and the experimental session provided instructions in written form on the computer screen. It was emphasized that the participants fixate on the central fixation cross for the duration of each trial and press the mouse button that corresponded to the direction of the target arrow as quickly and accurately as possible. The mouse was tilted 90 degrees to the left, so that the right mouse button indicated "up", and the left mouse button indicated "down".

The mouse was also aligned to the middle of the computer screen and participant's midline of the body. To diminish the effects of hemispheric bias through motor control, the participant used both hands on the mouse to respond [START_REF] Gable | Asymmetrical hemisphere activation enhances global-local processing[END_REF]: the right index finger was used to press the up-button while the left index finger was used to press the down-button. The task was displayed on a 17-inch LCD monitor, and the LANT-R was programmed in E-Prime (Psychology Software Tools, Pittsburgh, PA). Each participant completed the testing on a computer located in a silent and well-illuminated room.

Operational definition of the attentional effects and interactions

A 4 × 2 × 2 factorial design was used in this experiment, with cue condition (no cue, double cue, valid cue, invalid cue), conflict condition (congruent, incongruent), and visual field (left, right) as within-subject factors. The same operational definitions for the attentional functions presented originally in [START_REF] Fan | Testing the behavioral interaction and integration of attentional networks[END_REF] were used to estimate the attentional effects and are shown in Table 1. The alerting effect represents the performance benefit produced by the increased arousal compared to the no cue condition. The orienting effect is equivalent to moving + engaging operation defined in [START_REF] Fan | Testing the behavioral interaction and integration of attentional networks[END_REF] and represents the performance benefit produced by a valid spatial information compared to the temporal information provided by an alerting cue. The disengaging effect represents the cost of disengaging from an invalid spatial cue. Combining the disengaging operation and the moving + engaging operation leads to the validity effect, which represents the extent to which a valid spatial cue condition benefits the participant's performance compared to the cost in performance due to the invalid spatial cue condition. The conflict effect represents the cost in solving the conflict caused by the incongruent flankers, and a larger conflict effect corresponds to a less efficient executive control function [START_REF] Fan | Testing the efficiency and independence of attentional networks[END_REF]. The interaction effects between these attentional functions were calculated by comparing the conflict effects under different cue conditions: alerting by conflict interaction effect, with a negative value indicating a negative impact of alerting on conflict processing.

Orienting by conflict interaction effect, with a positive value indicating a more efficient conflict processing because of orienting. Disengaging by conflict interaction effect, with a positive value indicating a less efficient conflict processing because of invalid orienting compared to an alerting cue. Validity by conflict interaction effect, with a positive value indicating a less efficient conflict processing because of invalid orienting compared to a valid orienting cue. All the above-defined effects and interactions were computed separately for the RH and LH, according to the location where target and flankers were presented.

Data Analyses

Mean RT and error rate were calculated for each condition, with error trials (incorrect or missing responses) (less than 2% per subject) and RT outliers (above two standard deviations) (less than 2.23% per subject) being excluded from analyses on RT. 

Results

Table 2 shows the RT and error rate for all conditions, separately for each hemisphere.

The overall mean RT was 598 ms (SD = 95 ms), and the overall mean error rate was 9.12% (SD = 9.90). Participants were significantly faster at responding to stimuli presented to the RH (598 ± 93 ms) compared to the LH (602 ± 96 ms, t (47) = -2.71, p < .05, d = 0.04), while this difference was not significant for the error rate (RH: 9.02 ± 10.00%, LH: 9.22 ± 9.82%, t (47) = -0.42, p = .97, d = 0.02).

Hemispherical differences in the attentional effects

Figure 2 shows the alerting, orienting, disengaging, validity, and conflict effects separately for each hemisphere. For the alerting effect, the hemispherical difference was not significant in RT (RH: 44 ± 37 ms, LH: 33 ± 36 ms, t(47) = 1.42, p = .08, d = .29), as well as in error rate (RH: 2.52 ± 7.23%, LH: 1.30 ± 6.50%, t(47) = 1.19, p = .12, d = .24). For the orienting effect, the hemispherical difference was significant in RT (t(47) = 2.66, p < .01, d = .54),

indicating that the orienting effect was smaller when stimuli were presented to the RH (34 ± 28 ms) compared to the LH (53 ± 33 ms). This effect was also significant in error rate (t(47) = 2.92, p < .001, d = .59), with a smaller effect when stimuli were presented to the RH (0.14 ± 5.89%) compared to the LH (3.18 ± 5.73%). For the disengaging, the hemispherical difference was significant in RT (t(47) = 2.66, p < .01, d = .54), indicating the disengaging effect was greater when stimuli were presented to the RH (62 ± 40 ms) compared to the LH (44 ± 34 ms). This effect was also significant in error rate (t(47) = 2.93, p < .001, d = .60), with a greater effect when stimuli were presented to the RH (7.03 ± 8.02%) compared to the LH (2.34 ± 7.03%). For the validity effect, the hemispherical difference was not significant in RT (RH: 96 ± 36 ms, LH: 99 ± 38 ms, t(47) = 0.07, p = .94, d = .01) as well as in error rate (RH: 7.17 ± 7.81%, LH: 5.52 ± 6.71%, (t(47) = 1.27, p = .21). For the conflict effect (see also Figure 3), the hemispherical difference was significant in RT (t(47) = .15, p < .01, d = .03), showing a smaller conflict effect in the RH (106 ± 58 ms) compared to the LH (127 ± 56ms), while this effect was not significant in error rate (RH: 12.17 ± 10.17%, LH: 12.01 ± 11.48%, t(47) = 0.14, p = .89, d = .03). For the analysis conducted in Error rate, (the lower panel of Figure 4), the main effect of the factor Cue was significant, (F(1, 47) = 24.95, p < .001, η 2 = .35), indicating that participants committed fewer errors in the valid cue condition (5.89 ± 8.37%) compared to the nocue (9.46 ± 12.10%, p < .001), and invalid cue (12.24 ± 16.04 ms, p < .001), while the difference was not significant compared to the double cue (7.55 ± 11.67%, p = .09). Further, participants made fewer errors in the double cue condition compared to the invalid cue condition (p < .001) while this difference was not significant compared to the no cue condition (p = .17). The difference between nocue and invalid cue trials was significant (p < .05). The main effect of the factor Conflict was significant (F(1, 47) = 68.58, p < .001, η 2 = .59), indicating that participants made fewer errors in the congruent condition (2.74 ± 4.98%) compared to the incongruent condition (14.83 ± 14.74%, p < .001). The main effect of the factor Hemisphere was not significant (F <1). 

The interaction

Hemispherical differences in terms of the interactions between attentional functions

For brevity, here we report only results of the three-way interactions between the conflict effect and the hemispheres under different cue conditions, which are the focus of the current paper. A full depiction of the results regarding the 2 (Hemisphere) × 2 (Cue conditions) × 2 (Conflict) ANOVAs can be found in Figure 5, and a full description can be found in Table S1.

The Alerting by Conflict interaction. For the 2 (Hemisphere: RH, LH) × 2 (Alerting: no cue, double cue) × 2 ANOVA (Conflict: congruent, incongruent) conducted on the RT (the top panel of Figure 5a), the three-way interaction was significant (F(1, 47) = 4.03, p = .05, η 2 = .08). The follow-up analysis conducted on the Hemisphere by Conflict interaction separately for the no cue and double cue conditions showed that for the no cue condition, showed that the twoway interaction was not significant (F < 1), while for the double cue condition the two-way interaction was significant (F(1, 47) = 18.49, p < .001, η 2 = .28), showing that participants were significantly faster at the incongruent condition when stimuli were presented to the RH (634 ± 111 ms) compared to the LH (675 ± 107 ms, p < .001). For the ANOVA conducted on error rate (the bottom panel of Figure 5a), the three-way interaction was not significant (p ≥ .24).

The Orienting by Conflict interaction. For the 2 (Hemisphere: RH, LH) × 2 (Alerting: double cue, valid cue) × 2 ANOVA (Conflict: congruent, incongruent) conducted on the RT (the top panel of Figure 5b), the three-way interaction was not significant (F(1, 47) = 1.33, p = .25, η 2 = .03). For the ANOVA on error rate (the bottom panel of Figure 5b), the three-way interaction was also not significant (p ≥ .38).

The Disengaging by Conflict interaction. For the 2 (Hemisphere: RH, LH) × 2 (Alerting:

double cue, invalid cue) × 2 ANOVA (Conflict: congruent, incongruent) conducted on the RT (the top panel of Figure 5c), the three-way interaction was significant (F(1, 47) = 15.38, p < .001, η 2 = .25). The follow-up analysis conducted on the Hemisphere by Conflict interaction separately for the invalid cue and double cue conditions showed that for the invalid cue condition, the two-way interaction was not significant (F < 1), while it was significant for the double cue condition, (F(1, 47) = 18.49, p < .001, η 2 = .28), showing that participants were significantly faster at the incongruent condition when stimuli were presented to the RH (634 ± 111 ms) compared to the LH (675 ± 107 ms, p < .001), while this difference was not significant for the congruent condition (RH: 529 ± 70 ms, LH: 531 ± 68ms, p = .74). For the ANOVA conducted on error rate (the bottom panel of Figure 5c), the three-way interaction was not significant (p ≥ .36).

The Validity by Conflict interaction. For the 2 (Hemisphere: RH, LH) × 2 (Alerting:

double cue, invalid cue) × 2 ANOVA (Conflict: congruent, incongruent) conducted on the RT (the top panel of Figure 5d), the three-way interaction was significant (F(1, 47) = 7.27, p < .01, η 2 = .13). The follow-up analysis conducted on the Hemisphere by Conflict interaction separately for the valid cue and invalid cue conditions showed that for the valid cue condition, the two-way interaction was significant (F(1, 47) = 25.23, p < .001, η 2 = .35), indicating that for the congruent condition participants were slower in the RH (503 ± 66 ms) compared to the LH (493 ± 61 ms), while in the incongruent condition participants were faster in the RH (590 ± 90 ms) compared to the LH (606 ± 95 ms). For the invalid cue condition, the two-way interaction was not significant (F < 1). For the ANOVA conducted on error rate (the bottom panel of Figure 5c), the three-way interaction was not significant (p ≥ .36). 

Discussion

In the present study, we used a lateralized version of the ANT-R and the visual field methodology to examine the efficiency and interactions of the attentional networks separately in the RH and LH, with a specific focus to the hemispherical asymmetry of the executive control under different alerting and orienting conditions. In summary, significant behavioral differences were found for the orienting, disengaging, and executive control of attention, and interactions between either the alerting and the orienting function with the executive control of attention,

showing an advantage in all these functions for the RH. These result supports the long-standing proposal of a RH advantage for the orienting of attention and extend it to also include hemispherical asymmetries for executive control of attention. Specifically, the RH advantage in conflict resolution occurs under conditions of increased alertness or valid spatial orienting, suggesting a synergistic dynamic among the three functions. Nonetheless, our results showed no evidence for a hemispherical difference in the spatial cue conditions (i.e., no difference between left or right cues for either valid or invalid conditions). Therefore, we have no evidence for a "disadvantage" of the LH compared to the RH in the orienting of attention (a result that would have favored the hemispatial theory [START_REF] Heilman | Right hemisphere dominance for attention: the mechanism underlying hemispheric asymmetries of inattention (neglect)[END_REF], and while it is plausible that, in line with the interhemisperic competition account [START_REF] Kinsbourne | Mechanisms of unilateral neglect[END_REF], each hemisphere has its own contralateral vector of attention, although the lack of lesion data makes our conclusion speculative.

Consistent with our [START_REF] Fan | Testing the behavioral interaction and integration of attentional networks[END_REF][START_REF] Mackie | Cognitive control and attentional functions[END_REF]Spagna, Mackie, et al., 2015) and other studies [START_REF] Asanowicz | Differential effects of phasic and tonic alerting on the efficiency of executive attention[END_REF][START_REF] Callejas | Modulations among the alerting, orienting and executive control networks[END_REF][START_REF] Callejas | The three attentional networks: on their independence and interactions[END_REF][START_REF] Chica | Attention networks and their interactions after right-hemisphere damage[END_REF][START_REF] Marotta | Investigating hemispheric lateralization of reflexive attention to gaze and arrow cues[END_REF][START_REF] Roca | The effects of sleep deprivation on the attentional functions and vigilance[END_REF], a complex pattern of interactions was shown among the three attentional functions, further proving that the interplay among them is necessary for the selection and prioritization of the processing of goal-relevant information [START_REF] Badre | Defining an ontology of cognitive control requires attention to component interactions[END_REF]. For instance, we found that indicating the location where the target would be presented by means of a valid spatial cue reduced the conflict effect by decreasing the response time to a target flanked by incongruent information. This is consistent with previous evidence

showing the beneficial effect of the endogenous orienting function on the executive control of attention (e.g., [START_REF] Callejas | Modulations among the alerting, orienting and executive control networks[END_REF][START_REF] Fan | Testing the behavioral interaction and integration of attentional networks[END_REF]Spagna, Mackie, et al., 2015;[START_REF] Xuan | The activation of interactive attentional networks[END_REF], and our results further extend this knowledge to the exogenous orienting function, by

showing that the conflict resolution benefited more from a valid cue compared to an invalid cue when the process was conducted by the RH. Conversely, a wealth of studies showed that the presentation of an alerting cue has a cost on the conflict resolution [START_REF] Asanowicz | Differential effects of phasic and tonic alerting on the efficiency of executive attention[END_REF][START_REF] Callejas | Modulations among the alerting, orienting and executive control networks[END_REF][START_REF] Callejas | The three attentional networks: on their independence and interactions[END_REF][START_REF] Xuan | The activation of interactive attentional networks[END_REF], a pattern theoretically linked to a "U-shape" relationship (and justified by the norepinephrine dose-response relationship underlying the alerting function (Aston-Jones & Cohen, 2005)), with a phasic increase of the arousal state altering the efficiency of the executive control of attention [START_REF] Thiele | Neuromodulation of Attention[END_REF]. In this study, however, we show a pattern of facilitation produced by an alerting cue on the conflict resolution when stimuli were processed by the RH compared to the LH, indicating the superiority of this hemisphere in conflict resolution is benefited by the activation of the alerting function. At a closer look, our results and the evidence from the previous studies can coexist due to the following reasons: 1) we also show a greater conflict effect in the double cue condition compared to the no cue condition, when averaging performance across the two hemispheres; 2) however, if further broken down into the specific task conditions, the above mentioned effect reveals that participants showed overall better performance at the double cue compared to the no cue effect; and 3) the interaction between these two components of attention within each visual field shows that a double cue condition was significantly less beneficial to the conflict processing in the LH. While the most obvious explanation for this interaction effect is to state a RH advantage for both alerting, executive control, and their interaction, it may also be that the worsening of the conflict resolution in the LH under the alerting condition results from more limited attentional resources of this hemisphere that more quickly are exhausted when the two functions are contextually engaged.

Consensus exists regarding the neural substrate supporting the activation of interactive attentional networks [START_REF] Xuan | The activation of interactive attentional networks[END_REF], showed as a complex pattern of interaction among cortical and subcortical areas [START_REF] Petersen | The attention system of the human brain: 20 years after[END_REF]. Specifically, a bilateral fronto-parietal network (composed of the frontal eye fields, areas near and along the intraparietal sulcus, and the dorsolateral prefrontal cortex), a cingulo-opercular network (composed of the anterior cingulate cortex, and the anterior insular cortex), and subcortical areas such as the thalamus, superior colliculi, and the basal ganglia, were found to consistently interact during attentional tasks [START_REF] Callejas | Dorsal and ventral attention systems underlie social and symbolic cueing[END_REF][START_REF] Corbetta | The reorienting system of the human brain: from environment to theory of mind[END_REF][START_REF] Corbetta | Control of goal-directed and stimulus-driven attention in the brain[END_REF]Fan et al., 2005;[START_REF] Krauzlis | Superior colliculus and visual spatial attention[END_REF][START_REF] Parlatini | Functional segregation and integration within fronto-parietal networks[END_REF][START_REF] Patel | Functional evolution of new and expanded attention networks in humans[END_REF][START_REF] Posner | Imaging attention networks[END_REF][START_REF] Posner | Attention as an organ system[END_REF][START_REF] Shulman | Interaction of stimulus-driven reorienting and expectation in ventral and dorsal frontoparietal and basal ganglia-cortical networks[END_REF][START_REF] Wang | Effective connectivity of the fronto-parietal network during attentional control[END_REF][START_REF] Xuan | The activation of interactive attentional networks[END_REF].

However, bilateral involvement and functional asymmetries are not mutually exclusive properties in our brain [START_REF] Arbula | Addressing the selective role of distinct prefrontal areas in response suppression: A study with brain tumor patients[END_REF][START_REF] Bartolomeo | Let thy left brain know what thy right brain doeth: Inter-hemispheric compensation of functional deficits after brain damage[END_REF][START_REF] Corballis | The evolution and genetics of cerebral asymmetry[END_REF][START_REF] Corballis | The Evolution of Lateralized Brain Circuits[END_REF][START_REF] Vallesi | Domain-independent neural underpinning of task-switching: an fMRI investigation[END_REF], and the existence of hemispherical differences for executive control of attention in terms of activation magnitude seems plausible. This is particularly true if we consider that the function of executive control of attention is to allow the selection and prioritization of the processing of goal-relevant information to reach consciousness [START_REF] Fan | Mapping the genetic variation of executive attention onto brain activity[END_REF]Mackie & Fan, 2017;[START_REF] Mackie | Cognitive control and attentional functions[END_REF][START_REF] Petersen | The attention system of the human brain: 20 years after[END_REF]Spagna, Mackie, et al., 2015) and that this function inevitably interacts with the hemispherical specializations related to the specific type of information to be handled [START_REF] Marotta | Developmental differences in cognitive control of social information[END_REF][START_REF] Spagna | Hemispheric modulations of the attentional networks[END_REF][START_REF] Spagna | Efficiency and interactions of alerting, orienting and executive networks: The impact of imperative stimulus type[END_REF]. More specifically, hemispherical asymmetries were first identified in "split brain" patients (i.e., corpus calloscotomy intervention as part of medical treatment) [START_REF] Sperry | Hemisphere deconnection and unity in conscious awareness[END_REF], one of the earliest evidence for hemispheric dominance for verbal and language functions in the LH and for non-verbal and spatial functions in the RH (see [START_REF] Bartolomeo | Let thy left brain know what thy right brain doeth: Inter-hemispheric compensation of functional deficits after brain damage[END_REF] for a review). In the present study, we used non-verbal information as imperative stimuli, an aspect that might have magnified the subtle interactions among the executive control of attention and the hemispheric dominance of the RH for this type of stimuli.

Alternatively, the RH advantage in conflict resolution may be explained by brain mechanisms revealed in neuroimaging studies. Neuroimaging evidence for a RH dominance associated with the executive control of attention exist at the functional level [START_REF] Garavan | Right hemispheric dominance of inhibitory control: an event-related functional MRI study[END_REF], as shown by the association between participants' monitoring of task contingencies and the activation of prefrontal cortex in the RH (see Antonino Vallesi, 2012 for a review; Antonino [START_REF] Vallesi | Right fronto-parietal involvement in monitoring spatial trajectories[END_REF], response inhibition and the association with the right inferior frontal cortex [START_REF] Aron | Inhibition and the right inferior frontal cortex: one decade on[END_REF][START_REF] Cai | Dissociable roles of right inferior frontal cortex and anterior insula in inhibitory control: evidence from intrinsic and task-related functional parcellation, connectivity, and response profile analyses across multiple datasets[END_REF][START_REF] Levy | Cognitive control and right ventrolateral prefrontal cortex: reflexive reorienting, motor inhibition, and action updating[END_REF], increased metabolic activity in the medial prefrontal cortex associated with monitor the auditory environment [START_REF] Cohen | Metabolic brain pattern of sustained auditory discrimination[END_REF], and the anterior cingulate cortex of the RH for response selection [START_REF] Turken | Response selection in the human anterior cingulate cortex[END_REF], motor control [START_REF] Paus | Primate anterior cingulate cortex: where motor control, drive and cognition interface[END_REF] and attention shifting [START_REF] Kondo | Cooperation of the anterior cingulate cortex and dorsolateral prefrontal cortex for attention shifting[END_REF]. Further, regions within the frontal and parietal lobes of the right hemisphere have been consistently shown to play a critical role in the more broad construct of attention, by modulating activity in the sensory cortices [START_REF] Bressler | Top-down control of human visual cortex by frontal and parietal cortex in anticipatory visual spatial attention[END_REF][START_REF] Ruff | Hemispheric differences in frontal and parietal influences on human occipital cortex: direct confirmation with concurrent TMS-fMRI[END_REF], and by dynamically adjusting the focus of attention [START_REF] Malhotra | Role of right posterior parietal cortex in maintaining attention to spatial locations over time[END_REF][START_REF] Marshall | Frontal eye fields control attentional modulation of alpha and gamma oscillations in contralateral occipitoparietal cortex[END_REF][START_REF] O'shea | Timing of target discrimination in human frontal eye fields[END_REF][START_REF] Ronconi | TMS on right frontal eye fields induces an inflexible focus of attention[END_REF]. Consistently, in one of our previous studies using the ANT together with fMRI [START_REF] Fan | The activation of attentional networks[END_REF], in which the presentation of the stimuli was not lateralized, we showed a significant activation of the right temporo-parietal junction for the alerting function, together with clusters in the right parietal lobe for the orienting function, and a right-centered cluster of anterior cingulate cortex activation for executive control of attention. Together with the evidence regarding the necessity of the fronto-parietal and cingulo-opercular networks of the RH for both the alerting (J. [START_REF] Li | Alteration of the alertnessrelated network in patients with right temporal lobe epilepsy: A resting state fMRI study[END_REF][START_REF] Li | The effect of phasic alertness on temporal precision[END_REF][START_REF] Perin | Alertness in young healthy subjects: an fMRI study of brain region interactivity enhanced by a warning signal[END_REF][START_REF] Posner | Measuring alertness[END_REF] and orienting [START_REF] Bartolomeo | The attention systems of the human brain Attention Disorders After Right Brain Damage[END_REF]Bartolomeo, Thiebaut de Schotten, & Chica, 2012;[START_REF] Chica | White matter microstructure of attentional networks predicts attention and consciousness functional interactions[END_REF][START_REF] Chica | Attention networks and their interactions after right-hemisphere damage[END_REF][START_REF] Mesulam | Spatial attention and neglect: parietal, frontal and cingulate contributions to the mental representation and attentional targeting of salient extrapersonal events[END_REF], this neuroimaging evidence is in support of the findings from the present study regarding the executive control of attention.

One limitation of the present study must be, however, kept in mind. Here, we did not employ eye tracking techniques and therefore have no direct measure of the eye position of participants throughout the task. This is point may limit the conclusion of our studies, because eye movements must be avoided at all costs for the lateralized presentation to work. However, evidence exists that suggests carefully instructing participants before the beginning of the task regarding the relevance of maintaining central fixation can be effective in controlling eye movements (e.g., [START_REF] Moscovitch | Afferent and efferent models of visual perceptual asymmetries: theoretical and empirical implications[END_REF][START_REF] Śmigasiewicz | Bias for the left visual field in rapid serial visual presentation: Effects of additional salient cues suggest a critical role of attention[END_REF][START_REF] Smigasiewicz | Left visual-field advantage in the dual-stream RSVP task and reading-direction: a study in three nations[END_REF][START_REF] Verleger | Mechanisms underlying the left visual-field advantage in the dual stream RSVP task: evidence from N2pc, P3, and distractor-evoked VEPs[END_REF][START_REF] Verleger | On why left events are the right ones: neural mechanisms underlying the left-hemifield advantage in rapid serial visual presentation[END_REF]. Additionally, a variety of behavioral studies investigating the hemispherical differences in the attentional functions using behavioral tasks with lateralized stimuli found interactions between the attentional functions and the visual field with and without using eye-tracker. It is worth noting that the lack of a control of eye movement may have a negative impact so that the hemispheric difference would not be significant. Here, we are not making conclusions about the negative findings (absence of hemispherical advantage) but on the positive findings (presence of hemispherical advantage of the RH). In other words, the significant difference between hemisphere should not be due to the presence of eye movement, but due to the true effect in terms of hemispherical difference.

Overall, although the lack of control of participants' central fixation limits the validity of our conclusion regarding the orienting effect, it is not as relevant for our result concerning the executive control of attention, which was the focus of the study.

Our study is consistent with existing behavioral and neural evidence indicating a RH advantage for attention, and further provides novel knowledge regarding how this advantage also extends to the executive control of attention and its dynamics with the alerting and orienting function. These results may shed light on some of the inconsistencies shown in previous studies that did not find RH dominance for executive control and for the interplay between the three functions and pave the way for future studies by combining our task with neuroimaging techniques, aimed at characterizing the neural dynamics underlying the RH advantage for executive control of attention. 
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 23 Figure 2. Attentional effects and interactions in terms of reaction time (top panel), and error rate

  Cue by Conflict (F(3, 141) = 21.09, p < .001, η 2 = .31) and the Cue by Hemisphere interactions (F(3, 141) = 5.05, p < .01, η 2 = .10) were significant, while the Conflict by Hemisphere (F<1) and the three way interaction Cue by Conflict by Hemisphere (F <1) were not. In line with the hypothesis driven nature of the current manuscript, planned comparisons were conducted to further analyze these interactions (see section below).
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 4 Figure 4. Average reaction time (top panel) and error rate (lower panel) for the four cue
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 5 Figure 5. Average reaction time (top panel) and error rate (lower panel) for the interactions

  u e -c o n g r u e n t n o c u e -i n c o n g r u e n t d o u b l e c u e -c o n g r u e n t d o u b l e c u e -i n c o n g r u e n t v a l i d c u e -c o n g r u e n t v a l i d c u e -i n c o n g r u e n t i n v a l i d c u e -c o n g r u e n t I n v a l i d c u e -i n c o n g r u e n t n o c u e -c o n g r u e n t n o c u e -i n c o n g r u e n t d o u b l e c u e -c o n g r u e n t d o u b l e c u e -i n c o n g r u e n t v a l i d c u e -c o n g r u e n t v a l i d c u e -i n c o n g r u e n t i n v a l i d c u e -c o n g r u e n t I n v a l i d c u e -i n c o n g r u e n t

Table 1 .

 1 Operational definition of the attentional effects and interactions

	Alerting effect	No cue	minus	Double cue
	Orienting effect	Double cue	minus	Valid cue
	Disengaging effect	Invalid cue	minus	Double cue
	Validity effect	Invalid cue	minus	Valid cue
	Conflict effect	Flanker incongruent	minus	Flanker congruent
		no cue, incongruent		double cue, incongruent
	Alerting by Conflict	minus	minus	minus
		no cue, congruent		double cue, congruent
		double cue, incongruent		valid cue, incongruent
	Orienting by Conflict	minus	minus	minus
		double cue, congruent		valid cue, congruent
		invalid cue, incongruent		double cue, incongruent
	Disengaging by Conflict	minus	minus	minus
		invalid cue, congruent		double cue, congruent
		invalid cue, incongruent		valid cue, incongruent
	Validity by Conflict	minus	minus	minus
		invalid cue, congruent		valid cue, congruent

Table 2 .

 2 Mean reaction time in ms (± SD) and Error Rate in percentage (± SD) for each task condition and separately for the two hemispheres

	RT								
		Congruent				Incongruent			
		nocue	double	valid	invalid	nocue	double	valid	invalid
	R	563	529	504	568	687	634	590 (90)	719
	H	(67)	(70)	(66)	(73)	(112)	(111)		(118)
	L	570	531	493	573	702	675	606 (96)	720
	H	(87)	(68)	(61)	(78)	(109)	(107)		(108)
	ER								
	R	2.95	1.56	2.43	3.82	14.93	11.28	10.13	23.09
	H	(5.83)	(3.71)	(4.27)	(6.19)	(14.17)	(12.45)	(10.53)	(18.05)
	L	4.17	2.95	1.80	2.26	15.80	14.41	9.20	19.79
	H	(6.66)	(4.70)	(2.40)	(4.46)	(13.12)	(15.54)	(9.54)	(17.58)
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