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Abstract

Music is a complex and properly human skill. Previous studies indicate that

systematic musical training induces specific structural brain changes and

improves audio-motor functions. However, whether these benefits can transfer

into functional improvements of attentional skills is still little known. To shed

light on this issue, in the present study we explored the relationship between

long-term musical training and the efficiency of the attentional system. We used

the attention network test (ANT) to compare the performance of the alerting,

orienting and executive attentional networks of professional pianists against a

matched group of non-musician adults. We found that musicians were

significantly faster to respond across the ANT task, and that the executive

attentional network was more efficient in musicians than non-musicians. We

found no differences in the efficiency of the alerting and orienting networks

between both groups. Interestingly, we found that the efficiency of the executive

system improves with the years of musical training, even when controlling for

age. We also found that the three attentional networks of the non-musicians were

functionally independent. However, in the case of the musicians, the efficiency of

the alerting and orienting systems was associated. These findings provide

evidence of a potential transfer effect from systematic musical training into

inhibitory attentional control.
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1. Introduction

Music is a complex human skill that recruits and integrates different cognitive re-

sources during its practice. Several studies have shown that systematic musical

training induces morphological brain changes that correlate with the enhancement

of some specific musical abilities (Hyde et al., 2009; M€unte et al., 2002; Lappe

et al., 2008). For instance, musical training has been linked to changes in the auditory

cortex (Bermudez et al., 2009; Gaser & Schlaug, 2003; Schneider et al., 2002), and

better performance in tasks involving the recognition of melodies presented in trans-

position (Halpern et al., 1995), at an unusual tempo (Andrews et al., 1998), to deter-

mine how many notes sound simultaneously at a chord (Burton et al., 1989), and to

discriminate subtle differences in pitch between two notes (Tervaniemi et al., 2005).

Interestingly, musical training not only enhances the detection of some of the fine-

grained traits of musical auditory stimuli but also seems to impact on the processing

of other complex auditory stimuli. For instance, musical training has been linked to

the ability to detect small detuning in spoken sentences (Sch€on et al., 2004) and to

perceive and discern speech within noisy environments (Parbery-Clark et al., 2009).

The enhancement of speech perception induced by musical training is a prototypical

example of a transfer effect, namely when some skill training (e.g., music) improves

performance in some untrained skill (e.g., speech perception). Recently, the transfer

effect induced by musical training has drawn the attention of researchers interested in

knowing what other extra-musical skills might benefit from a systematic practice of

music. So far, studies along this line have been mainly conducted to observe the ef-

fects of musical training on executive functions. The most consistent results show

signs of transfer of learning on cognitive control (Moreno and Farzan, 2015;

Moussard et al., 2016) and working memory (Jakobson et al., 2008; Zuk et al.,

2014).

In order to explore other cognitive domains that might benefit from systematic

musical training, we focused on the musicians’ attentional system, a cognitive mech-

anism that plays a key role in developing and deploying musical skills and that is

strongly tied to executive functions (Diamond, 2013). According to Posner and

Petersen (1990; see also Petersen and Posner, 2012), the attentional system consists

of three subsystems that are mediated by anatomically distinct neural networks (Fan

and Posner, 2004): alerting, orienting, and executive control networks. The alerting

function is associated with maintaining states of readiness for action and recruit

thalamic and right frontal-parietal regions (Fan et al., 2005). The orienting function

is linked to the selection of sensory information and change of attentional focus,
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recruiting basal ganglia, parietal areas and frontal eye-fields regions (Corbetta et al.,

2008). The executive control function is involved both in the suppression of irrele-

vant, distracting stimuli and in the top-down attentional control, recruiting the ante-

rior cingulate cortex, lateral and ventromedial prefrontal cortex, orbitofrontal cortex

and amygdala (Bush et al., 2000; MacDonald et al., 2000). It is worth to mentioning

that although these networks are anatomically independent, the systems can coop-

erate and work together (Raz and Buhle, 2006), given the presence of contextual

or individual variables (Fan et al., 2009). To the best of our knowledge, there

have been no studies conducted to date directly inspecting the effects of musical

training on these attentional networks. Nevertheless, there are reports linking

musical practice with increased performance on selective auditory attention tasks

(Strait and Kraus, 2011; Strait et al., 2010; Strait, Slater, O’Connell and Kraus,

2015). The general pattern emerging from these studies highlights a potential

link between musical training and the executive characteristics of the attentional

system.

The purpose of the present study is to investigate the effects of systematic musical

training on the main components of the attentional system, namely, the alerting, ori-

enting, and executive attention networks. To this end, and considering the above out-

lined body of evidence, we formulate the following hypotheses: (a) the efficiency of

the executive attentional network will be greater in musicians than non-musicians;

(b) the attentional networks will be more dependent on each other in musicians

than non-musicians; (c) the efficiency of the executive attentional system will

enhance with years of professional musical training. To test these hypotheses, we

recorded the behavioral responses of professional pianists and a matched group of

non-musician professional adults engaged in an attentional networks test (ANT)

(Fan et al., 2002), consisting of a combination of a cue-target and a flanker task.

Briefly, the participants were asked to indicate whether or not a central arrow dis-

played points in the same direction as the arrows flanking it to the left and right. Vi-

sual cues presented before the arrows onset warned the subjects about the task to

come or guided the subjects’ attention to the place where the arrows appeared later

on (Fan and Posner, 2004). According to our hypotheses, we expected that the mu-

sicians’ attentional networks would be less affected by irrelevant information (con-

gruency effect) than non-musicians, reflecting a better control of the attention and a

more efficient behavioral response.
2. Materials and methods

2.1. Participants

Thirty-eight subjects, 19 professional musicians and 19 non-musicians were re-

cruited for a behavioral experiment. Two participants (one musician and one non-
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musician) were excluded from further analysis because their mean reaction times

(RT) were two standard deviations below or above their group’s mean (Ratcliff,

1993). Thus, the final sample consisted of 18 professional musicians (13 male,

age range: 17e33 years, mean age ¼ 25.39 years, SD ¼ 3.92) and 18 non-

musicians (15 male, age range: 19e33 years, mean age ¼ 26.72 years, SD ¼
4.61). All of the musicians were piano players. For this study, “Professional musi-

cians” were defined as full-time conservatory students or conservatory graduates

with an average of 12.22 years of practice. We recruited the musicians from Conser-

vatories of the Universidad de Chile, Universidad Mayor de Chile, and Universidad

Austral de Chile. We defined “Non-musicians” as subjects with university studies

that had never received any formal music lessons and could neither play nor read

music. They were matched to the musicians group for gender (c2 (1, N ¼ 36) ¼
.643, p ¼ .423) and age (t(34) ¼ -0.934, p ¼ .357, Cohen’s d ¼ 0.310). All partic-

ipants were native Spanish speakers, right-handed, with normal hearing and normal

or corrected to normal vision, with no history of any neurological or psychiatric con-

ditions. The Ethical Committee of the Universidad Metropolitana de Ciencias de la

Educaci�on approved the protocols used in this study, and all participants gave writ-

ten informed consent before being tested.
2.2. Task

The "attention network test" (ANT) (Fan et al., 2002; Posner and Petersen, 1990)

was used to assess the efficiency of the networks of musicians and non-musicians.

The task consists of indicating the direction of a central arrow (target) flanked by

two other arrows (both to the left and the right). The five horizontal black arrows

appear on a grey background. The arrows flanking the target pointed either in the

same direction as the target stimulus (congruent condition) or in the opposite direc-

tion (incongruent condition). A neutral condition was also present, consisting of

lines with no arrowheads. The row of arrows could appear above or below a fixa-

tion cross in the center of the screen. Participants had to indicate in which direction

the target pointed. To assess alertness and orientation, a visual cue (an asterisk) ap-

peared before the arrows were shown. For alertness trials, the asterisk was either

not presented (no-cue), or it appeared above and below the fixation cross (dou-

ble-cue). Trials assessing orientation presented the asterisk in the same position

as the fixation cross (center-cue) or either above or below the fixation-cross

(spatial-cue), indicating the location of the arrows with 100% accuracy to orient

them (Fig. 1).
on.2019.e01315
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2.3. Procedure

Before the experiment, participants read the instructions on how to perform the

attentional task. The experimental session consisted of a block of 24 trials with feed-

back and three experimental blocks of 96 trials each without feedback. We presented

the trials randomly. During the experimental blocks, each trial began with a fixation

cross in the center of the screen with a variable duration of 400e1600 ms; after that,

a visual cue appeared (or not), for 100 ms, followed by a brief fixation period of 400

ms. Finally, the row of five arrows was shown for 1700 ms or until the participant

answered. After the subject’s response, the stimuli disappeared and a variable

post-target fixation period appeared, based on the duration of the first fixation period

and reaction time (RT) (3500 ms minus duration of the first fixation minus RT) (Fan

et al., 2002). At the end of this post-stimulus fixation period, the next trial began. The

participants responded by pressing one of two possible buttons to indicate the direc-

tion of the central arrow (left or right). We used E-Prime 2.0 (Psychology Software

Tools, Inc.) for the presentation of stimuli and the recording of behavioral responses.
2.4. Data analysis and statistics

ANT task analysis. RTs for each participant in all conditions were averaged. To pre-
vent the bias of outliers, trials with incorrect responses or with RTs longer than 1000

ms or shorter than 200 ms were excluded. Kolmogorov-Smirnov test showed that the
on.2019.e01315
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RTs followed a normal distribution in both groups (musicians: D(18) ¼ .138, p >

.200; non-musicians: D(18) ¼ .124, p > .200). The mean RT of correct answers

were analyzed by conducting a mixed ANOVA with warning type (orienting cue,

double cue, central cue, no cue) and congruency (congruent, neutral, incongruent)

as within-subject factors and group (musician, non-musician) as the between-

subject factor. The Levene’s test indicated that variance was equal across groups

(all p-values> .127). Post-hoc pairwise comparisons were analyzed via independent

or paired two-tailed t-tests as appropriate. The t-tests’ effect size was calculated with

Cohen’s d. The significance level was set at 0.05. When necessary we applied a

Greenhouse-Geisser correction.

Attentional networks analysis. The efficiency scores of each network were obtained

as follows (Fan and Posner, 2004): alerting network ¼ [RT no-cue � RT double-

cue], orienting network ¼ [RT center-cue � RT spatial-cue], and executive network

¼ [RT incongruent� RT congruent]. For the alerting and orienting networks, higher

scores indicate greater efficiency. Conversely, higher scores in the executive network

indicate less efficiency. The networks’ score was analyzed by conducting a mixed

ANOVA with networks (alerting, orienting, executive) as the within-subject factor

and group (musician, non-musician) as the between-subject factor. The Levene’s

test showed that variance was equal across groups (all p-values > .426). Post-hoc

pairwise comparisons were analyzed via independent or paired two-tailed t-tests as

appropriate. The t-tests’ effect size was calculated with Cohen’s d. The significance

level was set at 0.05. When necessary we applied a Greenhouse-Geisser correction.

Correlation analysis. We used Pearson correlation to analyze the association be-

tween years of musical training and efficiency of the attentional network, and the in-

dependence of attentional systems. We set the alpha level at .05.
3. Results

3.1. Behavioral performance across the ANT task conditions

The results are illustrated in Fig. 2. Percentage of correct answers in the musicians

group was 98.18% with an average reaction time of 475.86 ms, whereas in the non-

musicians group it was 98.04% with an average reaction time of 513.15 ms. Two

tailed independent t-test revealed that average reaction times were significantly

different between groups (t(34)¼�2.286, p¼ .029, Cohen’s d¼ 0.762). Difference

in accuracy were not found (t(34) ¼ .186, p ¼ .853, Cohen’s d ¼ 0.063). A mixed

ANOVA revealed a flanker � group (F2,68 ¼ 15.893, p < .0001, h2p ¼ .319) and

cue� flanker interactions (F6,204¼ 6.833, p< .0001, h2p¼ .167), and a main effect
on.2019.e01315
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of flanker (F2,68 ¼ 321.641, p < .0001, h2p ¼ .904) and cue (F3,102 ¼ 174.571, p <

.0001, h2p ¼ .837). Interactions between cue � group (F3,102 ¼ 1.107, p ¼ .350,

h2p ¼ .032) and cue � flanker � group (F6,204 ¼ 1.012, p < .419, h2p ¼ .029)

were not found. Post-hoc analyses using a two-tailed independent t-test revealed

that musicians had average reaction times faster than non-musicians in the incon-

gruent flanker condition (t(34) ¼ �3.076, p ¼ .004, Cohen’s d ¼ 1.025), showing

that the attentional processing of the musicians was less disrupted by distracting

stimuli than in non-musicians. Significant differences between groups in congruent

and neutral flanker conditions were not found (congruent: t(34)¼�1.105, p¼ .277,

Cohen’s d ¼ 0.368; neutral: t(34) ¼ �1.113, p ¼ .273, Cohen’s d ¼ 0.371). As for

the interaction between cue and flankers, Fig. 2 provides a clear visualization of the

effect. A post-hoc analysis based on two-tailed paired t-test revealed that, across sub-

jects, congruent and neutral trials received faster responses than incongruent trials in

all cue conditions (inc vs. cong: (t(35) ¼ 15.906, p < .0001, Cohen’s d ¼ 2.651; inc

vs. neu: (t(35) ¼ 16.059, p < .0001, Cohen’s d ¼ 2.676). Likewise, neutral trials

elicited faster responses than congruent trials (t(35) ¼ 3.252, p ¼ .003, Cohen’s

d¼ 0.542). Also, the trials with spatial cue elicited faster responses than center, dou-

ble and no cue trials (spatial vs. double: t(35) ¼ �9.446, p < .0001, Cohen’s d ¼
1.574; spatial vs. center: t(35) ¼ �12.176, p < .0001, Cohen’s d ¼ 2.029; spatial

vs. no cue: t(35) ¼ �19.286, p < .0001, Cohen’s d ¼ 3.214). Center and double

cue trials elicited faster responses than no cue trials (center vs. no cue: t(35) ¼
-9.197, p < .0001, Cohen’s d ¼ 1.532; double vs. no cue: t(35) ¼ �12.520, p <

.0001, Cohen’s d ¼ 2.086), while double cue trials received faster responses than

center cue trials (t(35) ¼ -6.379, p < .0001, Cohen’s d ¼ 1.063).
Fig. 2. Mean RTs from correct trials as a function of cue and flanker condition for musicians and non-

musicians. Left and right graph represent the performance of musicians and non-musicians respectively.

The y-axis and x-axis indicate the mean RT in milliseconds (ms) and flanker type. Lines showed to cue

type. Error bar represents � 2 standard errors.
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3.2. Attentional networks efficiency

Results are shown in Fig. 3. Mean scores of the alerting, orienting, and executive

networks for the musicians group were 43.84 ms, 43.70 ms, and 53.83 ms, while

the mean scores for the non-musicians group were 41.98 ms, 51.56 ms, and 87.19

ms, respectively. A mixed ANOVA revealed a network � group interaction (F2,68

¼ 6.068, p ¼ .004, h2p ¼ .151) and a main effect of network type (F2,68 ¼
15.987, p < .0001, h2p ¼ .320). Post-hoc analyses based on two-tailed independent

t-test showed that the executive network of musicians is more efficient than it non-

musicians (t(34) ¼ �4.529, p < .0001, Cohen’s d ¼ 1.510). No differences on the

efficiency of the alerting and orienting network were found (Alerting: t(34)¼ .273, p

¼ .786, Cohen’s d¼ .091; Orienting: t(34) ¼ �1.005, p¼ .322, Cohen’s d¼ .335).

Additionally, post-hoc analyses based on two-tailed paired t-test revealed that,

across subjects, scores for the alerting and orienting networks are have lower

than score for the executive network (alerting vs. executive: t(35) ¼ �4.896,

p < .0001, Cohen’s d ¼ 0.816; orienting vs. executive: t(35) ¼ �4.193,

p < .0001, Cohen’s d ¼ 0.698). Significant differences between the alerting and ori-

enting networks were not found (t(35) ¼ �0.834, p ¼ .410, Cohen’s d ¼ 0.139).
Fig. 3. The efficiency of attentional networks for musicians and non-musicians. Light gray and dark

gray bars represent musicians and non-musicians respectively. The y-axis and x-axis indicate the

mean efficiency in milliseconds (ms) and attentional network type. RTs differences are provided for

the alerting (no cueedouble cue), orienting (center cueespatial cue) and executive attention (incon-

gruentecongruent) networks. For the executive system, the higher scores show less efficient inhibitory

attentional control. The asterisk represents significant differences between groups (p < 0.05). Error

bar indicates � 2 standard errors.
3.3. Correlation analysis

Years of musical training and efficiency of the executive network. Results are
shown in Fig. 4. A bivariate Pearson correlation analysis revealed an association
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between the efficiency of the executive attention network and years of professional

musical practice (r (18) ¼ �.609, p ¼ .007) (Fig. 4). To further evaluate whether

the link between years of musical training and efficiency of the executive attention

network still holds after controlling for age as a confounding factor, we computed

a partial correlation. The results showed that the relationship among the efficiency

of the executive attention network and years of professional musical training re-

mained significant even after controlling the effects of age (r (15)¼�.533, p¼ .028).
Fig. 4. Correlation between years of musical training and efficiency of the executive attentional network.

On the y-axis, low scores show greater executive attention (incongruentecongruent) network efficiency.

Curve lines represent 95% confidence intervals.
Independence of attentional networks. We also assessed the functional indepen-

dence between the three attentional networks. As for musicians, a bivariate Pearson

correlation analysis revealed a association among the alerting and orienting systems

(r (18) ¼ -.488, p ¼ .040), but independence of the executive control networks both

with the alerting (r (18) ¼ �.305, p ¼ .219) and orienting (r (18) ¼ .102, p ¼ .687)

networks. As for non-musicians, the correlation analysis showed independence be-

tween the three attentional networks (alerting/orienting: r (18) ¼ .114, p ¼ .651;

alerting/executive: r (18) ¼ .399, p ¼ .101; orienting/executive: r (18) ¼ .107,

p ¼ .672).
4. Discussion

The present study was designed to examine the effect of systematic musical training

on the efficiency of attentional networks. Our results showed that the executive con-

trol of attention is more efficient in musicians than non-musicians and that the years

of musical training significantly improve the efficiency of the executive network.

Additionally, we found that the efficiency of the musicians’ alerting and orienting

systems are functionally related. Below we discuss the principal findings and their

implications in more detail.
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4.1. Attentional networks efficiency

Behavioral data analysis revealed that compared to non-musicians, the musicians

showed a faster and accurate response pattern when conflicting or distracting infor-

mation was presented, which was supported by a higher efficiency of their attentional

control network. Previous studies have linked the efficiency of attentional control

network to increased monitoring-resolution of cognitive conflicts (Rothbart et al.,

2007), sustained attention (Fan and Posner, 2004; Petersen and Posner, 2012), and

working memory (Diamond, 2013). As for the role played by the executive atten-

tional network during musical training, we propose that it is a crucial cognitive func-

tion for the acquisition, consolidation, and deployment of musical skills. For instance,

when pianists play a musical excerpt, they put into action auditory-motor processing,

along with other complex cognitive operations such as sustaining attention during the

instrument’s execution, filtering irrelevant stimuli or controlling intrusive thoughts

affecting the interpretation, keeping in mind the past musical information to integrate

incoming new information, paying attention to score and conductor, etc. These and

other experiences associated with long-term musical training seem to require an effi-

cient executive attentional system for optimal performance, which could be indicative

of an indirect development of attentional control induced by musical training.

Considering the higher efficiency of the musicians’ executive control network, we

suggest a possible transfer effect induced by musical training. However, to establish

a transfer of learning, it is necessary to prove that both the trained skill and the un-

trained skill not only recruit overlapping processes, but also engage shared brain re-

gions (Dahlin et al., 2008). At a neurophysiological level, musical training not only

increases cortical thickness of the auditory cortex (Gaser & Schlaug, 2003;

Schneider et al., 2002), and motor regions (Bangert & Schlaug, 2006; Elbert

et al., 1995) but also induces morphological changes in higher brain areas such as

superior temporal and dorsolateral frontal regions (Bermudez et al., 2009). Interest-

ingly, the dorsolateral prefrontal cortex is a key area for executive functions, partic-

ularly goal-oriented behavior (Balleine & O’doherty, 2010), error detection

(Cavanagh et al., 2009), and working memory (Diamond, 2013). As for the atten-

tional control network, the literature reports that this attentional mechanism involves

the action of orbitofrontal, ventromedial and lateral prefrontal cortex, including the

anterior cingulate and the amygdala (Bush et al., 2000; MacDonald et al., 2000; Raz,

2004). These findings, taken together, highlight the dorsolateral prefrontal cortex as

an area sensitive to systematic musical training, and also as a key brain region for the

attentional control system. Thus, we propose the dorsolateral prefrontal cortex as a

potential shared brain region between music training and the executive attention

network, which would support the proposal of a transfer effect of the musical

training over the efficiency of the executive control network. Future longitudinal

research should directly address these interpretations.
on.2019.e01315
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4.2. Years of musical training and efficiency of the executive
network

The fact that inhibitory attentional control is more efficient in musicians than non-

musicians is a promising finding because it could be a sign of transfer of learning

induced bymusical practice. However, it is important to stress that we cannot infer cau-

sality from the present study because our data were cross-sectional. Nevertheless, as

Wan and Schlaug (2010) state, cross-sectional studies are a good starting point to

enlighten the potential benefits of musical training, define the areas that might be

enhanced, and to determine the power necessary to detect changes in longitudinal

studies examining causal effects. A commonly used method to support the findings

of cross-sectional studies comparing musicians and non-musicians is to establish

whether the cognitive improvement of the musicians covariates with the years of

musical training (Ho et al., 2003; Jakobson et al., 2003; Pantev et al., 1998). We con-

ducted this analysis, andwe found that the efficiency of the executive attention network

enhances with the years of musical training. Importantly, this association between ex-

ecutive attentional efficiency and musical training was preserved even after controlling

for musician age. This result suggests that the increase in the efficiency of inhibitory

attentional control through the years of musical training is not be mediated by a devel-

opmental factor or the simple passage of time (Kraus andChandrasekaran, 2010).How-

ever, it is still possible to argue that the differences between musicians and non-

musicians could spring from an individual biological predisposition present among

those who practice music professionally. Norton et al. (2005) tested this hypothesis

directly, assessing a group of 70 children aged between 5-7 years, with 39 children

about to start private piano lessons or stringed instruments lessons for personal interest,

the remaining 31 children not taking part in any privatemusic lessons. The results of the

study revealed that there was no pre-existence of cognitive, auditory, motor or brain

differences between both groups of children. According to Norton et al. (2005), these

findings reject the thesis linking the structural brain differences between musicians and

non-musicians with a biological predisposition. In sum, our results reveal an improve-

ment in the efficiency of inhibitory attentional control as the years of professional

musical practice increase, which adds evidence to the argument of potential develop-

ment of extra-musical cognitive abilities derived from musical training. However,

new studies should be conducted to establish if there is a causal relationship between

the deliberate practice of music and the development of inhibitory attentional control,

or if there is a third variable that could explain the association between them.
4.3. Correlation between alerting and orienting network in
musicians

When analyzing the relationship between attentional networks in non-musicians, we

found that the three networks were uncorrelated. Among musicians, however, we
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found a negative correlation for the efficiency of the alerting and orienting networks,

while the executive system remained uncorrelated. In general, the lack of correlation

between networks is interpreted as a sign of independence between attentional sub-

systems (Fan et al., 2002; Raz, 2004). However, criticisms have been advanced about

the alleged independence of attentional networks (MacLeod et al., 2010). In this re-

gard, it has been suggested that, although attentional networks are anatomically in-

dependent, there is an important functional interplay between them in daily life,

which could be modulated by environmental variables or characteristics of the study

group (Fan et al., 2009; Posner and Rothbart, 2018; Wang & Fan, 2007). As for the

functional dependence between the alerting and orienting networks, previous studies

provide contradictory interpretations. For instance, Callejas et al. (2004; Callejas

et al., 2005) proposed that alerting accelerates orienting mechanisms, while

Fuentes and Campoy (2008) suggested that alertness improves, rather than acceler-

ates, orienting effects. Recently, it has been suggested (Ge et al., 2013; Mahoney

et al., 2010; Yin et al., 2013; Westlye et al., 2010) that the negative correlation be-

tween alerting and orienting system stem from the incremental effect of spatial, as

compared to alerting, cues. To better understand the relationship between musicians’

alerting and orienting networks, we conducted additional analyses by calculating the

score of these networks based on the error rate. A bivariate Pearson correlation anal-

ysis revealed that the error rates of the alerting and orienting networks were uncor-

related (r(18) ¼ .011, p ¼ .966). The absence of a correlation between these

networks, when using the error rate to calculate their scores, suggests that the depen-

dence between musicians’ alerting and orienting networks affects the efficiency but

not the effectiveness of both systems. As for the mechanism underlying the negative

correlation between the efficiency of both networks, we suggest that: (i) musical

training moduletes the interdependence between both systems; (ii) visual stimuli

that warn and guide attention (such as the spatial cue in the ANT task) trigger the

coactivation of both systems (Wan and Fan, 2007); (iii) depending on the demands

of the task, the action of one of the two networks is inhibited. The time between co-

activation and the subsequent inhibition of one of the systems would affect effi-

ciency, but not the effectiveness of the behavioral response, which could explain

the negative correlation between musicians’ alerting and orienting networks. Thus,

we propose that systematic musical training might enhance the dynamic coupling be-

tween the alerting and orienting networks, fostering the development of more adap-

tive and flexible behaviors driven by the musical context demands. It is of the essence

to conduct further studies that might shed light on the neurodynamic substrate of the

musicians’ alerting and orienting networks, and thus determining whether the asso-

ciation between these networks stem from a transient functional coupling of neural

assemblies (Fan et al., 2007) or a structural overlap between both neural systems

(Corbetta, 1998; Fan et al., 2009).
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In summary, the present study contributes to previous research about extra-musical

effects of musical training by proving that executive attention is more efficient in mu-

sicians than non-musicians. Additionally, we were able to establish that the effi-

ciency of the executive network improves along with the years of musical

training. Finally, we showed that the processes of alerting and attentional orientation

of musicians are related, potentially being the basis of their rapid and efficient behav-

ioral responses.
Declarations

Author contribution statement

David Medina: Performed the experiments; Analyzed and interpreted the data;

Contributed reagents, materials, analysis tools or data; Wrote the paper.

Paulo Barraza: Conceived and designed the experiments; Analyzed and interpreted

the data; Contributed reagents, materials, analysis tools or data; Wrote the paper.
Funding statement

This work was supported by the Associative Research Program of CONICYT under

Grant Basal Funds for Centers of Excellence FB0003; the program CONICYT PAI/

Academia under Grant 79130005; and the Grant FONDECYT 1170145.
Competing interest statement

The authors declare no conflict of interest.
Additional information

No additional information is available for this paper.
Acknowledgements

We are grateful to Dr. Eugenio Rodriguez for his valuable comments and critical

reading of the manuscript, and Dr. Jin Fan for providing us with the adult version

of the ANT task.
References

Andrews, M.W., Dowling, W.J., Bartlett, J.C., Halpern, A.R., 1998. Identification

of speeded and slowed familiar melodies by younger, middle-aged, and older mu-

sicians and nonmusicians. Psychol. Aging 13 (3), 462.
on.2019.e01315

ors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

censes/by-nc-nd/4.0/).

http://refhub.elsevier.com/S2405-8440(18)36985-8/sref1
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref1
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref1
https://doi.org/10.1016/j.heliyon.2019.e01315
http://creativecommons.org/licenses/by-nc-nd/4.0/


14 https://doi.org/10.1016/j.heliy

2405-8440/� 2019 The Auth

(http://creativecommons.org/li

Article Nowe01315
Balleine, B.W., O’doherty, J.P., 2010. Human and rodent homologies in action con-

trol: corticostriatal determinants of goal-directed and habitual action. Neuropsycho-

pharmacology 35 (1), 48.

Bangert, M., Schlaug, G., 2006. Specialization of the specialized in features of

external human brain morphology. Eur. J. Neurosci. 24 (6), 1832e1834.

Bermudez, P., Lerch, J.P., Evans, A.C., Zatorre, R.J., 2009. Neuroanatomical cor-

relates of musicianship as revealed by cortical thickness and voxel-based morphom-

etry. Cerebr. Cortex 19 (7), 1583e1596.

Burton, A., Morton, N., Abbess, S., 1989. Mode of processing and hemisphere dif-

ferences in the judgment of musical stimuli. Br. J. Psychol. 80, 169e180.

Bush, G., Luu, P., Posner, M.I., 2000. Cognitive and emotional influences in ante-

rior cingulate cortex. Trends Cognit. Sci. 4 (6), 215e222.

Callejas, A., Lupi�anez, J., Tudela, P., 2004. The three attentional networks: on their

independence and interactions. Brain Cogn. 54 (3), 225e227.

Callejas, A., Lupianez, J., Funes, M.J., Tudela, P., 2005. Modulations among

the alerting, orienting and executive control networks. Exp. Brain Res. 167 (1),

27e37.

Cavanagh, J.F., Cohen, M.X., Allen, J.J., 2009. Prelude to and resolution of an er-

ror: EEG phase synchrony reveals cognitive control dynamics during action moni-

toring. J. Neurosci. 29 (1), 98e105.

Corbetta, M., 1998. Frontoparietal cortical networks for directing attention and the

eye to visual locations: identical, independent, or overlapping neural systems? Proc.

Natl. Acad. Sci. Unit. States Am. 95 (3), 831e838.

Corbetta, M., Patel, G., Shulman, G.L., 2008. The reorienting system of the human

brain: from environment to theory of mind. Neuron 58 (3), 306e324.

Dahlin, E., Neely, A.S., Larsson, A., B€ackman, L., Nyberg, L., 2008. Transfer of

learning after updating training mediated by the striatum. Science 320 (5882),

1510e1512.

Diamond, A., 2013. Executive functions. Annu. Rev. Psychol. 64, 135e168.

Elbert, T., Pantev, C., Wienbruch, C., Rockstroh, B., Taub, E., 1995. Increased

cortical representation of the fingers of the left hand in string players. Science

270 (5234), 305e307.

Fan, J., Posner, M., 2004. Human attentional networks. Psychiatr. Prax. 31 (S 2),

210e214.
on.2019.e01315

ors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

censes/by-nc-nd/4.0/).

http://refhub.elsevier.com/S2405-8440(18)36985-8/sref2
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref2
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref2
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref3
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref3
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref3
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref4
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref4
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref4
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref4
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref5
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref5
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref5
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref6
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref6
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref6
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref7
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref7
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref7
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref7
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref8
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref8
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref8
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref8
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref9
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref9
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref9
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref9
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref10
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref10
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref10
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref10
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref11
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref11
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref11
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref12
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref12
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref12
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref12
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref12
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref13
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref13
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref14
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref14
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref14
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref14
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref15
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref15
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref15
https://doi.org/10.1016/j.heliyon.2019.e01315
http://creativecommons.org/licenses/by-nc-nd/4.0/


15 https://doi.org/10.1016/j.heliy

2405-8440/� 2019 The Auth

(http://creativecommons.org/li

Article Nowe01315
Fan, J., Byrne, J., Worden, M.S., Guise, K.G., McCandliss, B.D., Fossella, J.,

Posner, M.I., 2007. The relation of brain oscillations to attentional networks. J.

Neurosci. 27 (23), 6197e6206.

Fan, J., Gu, X., Guise, K.G., Liu, X., Fossella, J., Wang, H., Posner, M.I., 2009.

Testing the behavioral interaction and integration of attentional networks. Brain

Cogn. 70 (2), 209e220.

Fan, J., McCandliss, B.D., Fossella, J., Flombaum, J.I., Posner, M.I., 2005. The

activation of attentional networks. Neuroimage 26 (2), 471e479.

Fan, J., McCandliss, B.D., Sommer, T., Raz, A., Posner, M.I., 2002. Testing the

efficiency and independence of attentional networks. J. Cogn. Neurosci. 14 (3),

340e347.

Fuentes, L.J., Campoy, G., 2008. The time course of alerting effect over orienting in

the attention network test. Exp. Brain Res. 185 (4), 667e672.

Gaser, C., Schlaug, G., 2003. Brain structures differ between musicians and non-

musicians. J. Neurosci. 23 (27), 9240e9245.

Ge, H., Yin, X., Xu, J., Tang, Y., Han, Y., Xu, W., Liu, S., 2013. Fiber pathways of

attention subnetworks revealed with tract-based spatial statistics (TBSS) and prob-

abilistic tractography. PLoS One 8 (11), e78831.

Halpern, A.R., Bartlett, J.C., Dowling, W.J., 1995. Aging and experience in the

recognition of musical transpositions. Psychol. Aging 10, 325e342.

Ho, Y.C., Cheung, M.C., Chan, A.S., 2003. Music training improves verbal but not

visual memory: cross-sectional and longitudinal explorations in children. Neuro-

psychology 17 (3), 439.

Hyde, K.L., Lerch, J., Norton, A., Forgeard, M., Winner, E., Evans, A.C.,

Schlaug, G., 2009. Musical training shapes structural brain development. J. Neuro-

sci. 29 (10), 3019e3025.

Jakobson, L.S., Cuddy, L.L., Kilgour, A.R., 2003. Time tagging: a key to musi-

cians’ superior memory. Music Percept. 20 (3), 307e313.

Jakobson, L., Lewycky, S., Kilgour, A., Stoesz, B., 2008. Memory for verbal and

visual material in highly trained musicians. Music Percept. 26, 41e55.

Kraus, N., Chandrasekaran, B., 2010. Music training for the development of audi-

tory skills. Nat. Rev. Neurosci. 11 (8), 599e605.

Lappe, C., Herholz, S.C., Trainor, L.J., Pantev, C., 2008. Cortical plasticity induced

by short-term unimodal and multimodal musical training. J. Neurosci. 28 (39),

9632e9639.
on.2019.e01315

ors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

censes/by-nc-nd/4.0/).

http://refhub.elsevier.com/S2405-8440(18)36985-8/sref16
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref16
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref16
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref16
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref17
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref17
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref17
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref17
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref18
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref18
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref18
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref19
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref19
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref19
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref19
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref20
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref20
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref20
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref21
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref21
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref21
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref22
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref22
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref22
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref23
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref23
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref23
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref24
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref24
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref24
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref25
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref25
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref25
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref25
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref26
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref26
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref26
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref27
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref27
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref27
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref28
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref28
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref28
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref29
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref29
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref29
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref29
https://doi.org/10.1016/j.heliyon.2019.e01315
http://creativecommons.org/licenses/by-nc-nd/4.0/


16 https://doi.org/10.1016/j.heliy

2405-8440/� 2019 The Auth

(http://creativecommons.org/li

Article Nowe01315
MacDonald, A.W., Cohen, J.D., Stenger, V.A., Carter, C.S., 2000. Dissociating the

role of the dorsolateral prefrontal and anterior cingulate cortex in cognitive control.

Science 288 (5472), 1835e1838.

MacLeod, J.W., Lawrence, M.A., McConnell, M.M., Eskes, G.A., Klein, R.M.,

Shore, D.I., 2010. Appraising the ANT: psychometric and theoretical consider-

ations of the attention network test. Neuropsychology 24 (5), 637.

Mahoney, J.R., Verghese, J., Goldin, Y., Lipton, R., Holtzer, R., 2010.Alerting, orient-

ing, and executive attention in older adults. J. Int. Neuropsychol. Soc. 16 (5), 877e889.

Moreno, S., Farzan, F., 2015. Music training and inhibitory control: a multidimen-

sional model. Ann. N. Y. Acad. Sci. 1337 (1), 147e152.

Moussard, A., Bermudez, P., Alain, C., Tays, W., Moreno, S., 2016. Life-long mu-

sic practice and executive control in older adults: an event-related potential study.

Brain Res. 1642, 146e153.

M€unte, T.F., Altenm€uller, E., J€ancke, L., 2002. The musician’s brain as a model of

neuroplasticity. Nat. Rev. Neurosci. 3 (6), 473e478.

Norton, A., Winner, E., Cronin, K., Overy, K., Lee, D.J., Schlaug, G., 2005. Are

there pre-existing neural, cognitive, or motoric markers for musical ability? Brain

Cogn. 59 (2), 124e134.

Pantev, C., Oostenveld, R., Engelien, A., Ross, B., Roberts, L.E., Hoke, M., 1998.

Increased auditory cortical representation in musicians. Nature 392 (6678), 811.

Parbery-Clark, A., Skoe, E., Lam, C., Kraus, N., 2009. Musician enhancement for

speech-in-noise. Ear Hear. 30 (6), 653e661.

Petersen, S., Posner, M., 2012. The attention system of the human brain: 20 years

after. Annu. Rev. Neurosci. 35, 73e89.

Posner, M.I., Rothbart, M.K., 2018. Temperament and brain networks of attention.

Phil. Trans. Biol. Sci. 373 (1744), 20170254.

Posner, M., Petersen, S., 1990. The attention system of the human brain. Annu.

Rev. Neurosci. 13, 25e42.

Ratcliff, R., 1993. Methods for dealing with reaction time outliers. Psychol. Bull.

114, 510e532.

Raz, A., 2004. Anatomy of attentional networks. Anat. Rec. 281 (1), 21e36.

Raz, A., Buhle, J., 2006. Typologies of attentional networks. Nat. Rev. Neurosci. 7

(5), 367.
on.2019.e01315

ors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

censes/by-nc-nd/4.0/).

http://refhub.elsevier.com/S2405-8440(18)36985-8/sref30
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref30
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref30
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref30
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref31
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref31
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref31
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref32
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref32
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref32
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref33
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref33
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref33
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref34
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref34
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref34
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref34
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref35
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref35
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref35
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref35
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref35
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref35
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref36
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref36
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref36
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref36
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref37
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref37
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref38
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref38
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref38
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref39
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref39
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref39
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref40
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref40
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref41
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref41
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref41
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref42
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref42
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref42
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref43
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref43
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref44
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref44
https://doi.org/10.1016/j.heliyon.2019.e01315
http://creativecommons.org/licenses/by-nc-nd/4.0/


17 https://doi.org/10.1016/j.heliy

2405-8440/� 2019 The Auth

(http://creativecommons.org/li

Article Nowe01315
Rothbart, M.K., Sheese, B.E., Posner, M.I., 2007. Executive attention and effortful

control: linking temperament, brain networks, and genes. Child Dev. Perspect. 1

(1), 2e7.

Schneider, P., Scherg, M., Dosch, H.G., Specht, H.J., Gutschalk, A., Rupp, A.,

2002. Morphology of Heschl’s gyrus reflects enhanced activation in the auditory

cortex of musicians. Nat. Neurosci. 5 (7), 688e694.

Sch€on, D., Magne, C., Besson, M., 2004. The music of speech: music facilitates

pitch processing in language. Psychophysiology 41, 341e349.

Strait, D.L., Kraus, N., 2011. Can you hear me now? Musical training shapes func-

tional brain networks for selective auditory attention and hearing speech in noise.

Front. Psychol. 2, 113.

Strait, D.L., Kraus, N., Parbery-Clark, A., Ashley, R., 2010. Musical experience

shapes top-down auditory mechanisms: evidence from masking and auditory atten-

tion performance. Hear. Res. 261 (1-2), 22e29.

Strait, D.L., Slater, J., O’Connell, S., Kraus, N., 2015. Music training relates to the

development of neural mechanisms of selective auditory attention. Dev. Cogn.

Neurosci. 12, 94e104.

Tervaniemi, M., Just, V., Koelsch, S., Widmann, A., Schr€oger, E., 2005. Pitch

discrimination accuracy in musicians vs nonmusicians: an event-related potential

and behavioral study. Exp. Brain Res. 161 (1), 1e10.

Wan, C.Y., Schlaug, G., 2010. Music making as a tool for promoting brain plas-

ticity across the life span. Neuroscientist 16 (5), 566e577.

Wang, H., Fan, J., 2007. Human attentional networks: a connectionist model. J.

Cogn. Neurosci. 19 (10), 1678e1689.

Westlye, L.T., Grydeland, H., Walhovd, K.B., Fjell, A.M., 2010. Associations be-

tween regional cortical thickness and attentional networks as measured by the atten-

tion network test. Cerebr. Cortex 21 (2), 345e356.

Yin, X., Han, Y., Ge, H., Xu, W., Huang, R., Zhang, D., Liu, S., 2013. Inferior

frontal white matter asymmetry correlates with executive control of attention.

Hum. Brain Mapp. 34 (4), 796e813.

Zuk, J., Benjamin, C., Kenyon, A., Gaab, N., 2014. Behavioral and neural corre-

lates of executive functioning in musicians and non-musicians. PLoS One 9 (6),

e99868.
on.2019.e01315

ors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

censes/by-nc-nd/4.0/).

http://refhub.elsevier.com/S2405-8440(18)36985-8/sref45
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref45
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref45
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref45
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref46
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref46
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref46
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref46
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref47
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref47
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref47
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref47
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref48
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref48
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref48
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref49
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref49
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref49
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref49
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref50
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref50
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref50
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref50
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref51
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref51
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref51
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref51
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref51
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref52
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref52
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref52
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref53
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref53
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref53
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref54
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref54
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref54
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref54
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref55
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref55
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref55
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref55
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref56
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref56
http://refhub.elsevier.com/S2405-8440(18)36985-8/sref56
https://doi.org/10.1016/j.heliyon.2019.e01315
http://creativecommons.org/licenses/by-nc-nd/4.0/

	Efficiency of attentional networks in musicians and non-musicians
	1. Introduction
	2. Materials and methods
	2.1. Participants
	2.2. Task
	2.3. Procedure
	2.4. Data analysis and statistics

	3. Results
	3.1. Behavioral performance across the ANT task conditions
	3.2. Attentional networks efficiency
	3.3. Correlation analysis

	4. Discussion
	4.1. Attentional networks efficiency
	4.2. Years of musical training and efficiency of the executive network
	4.3. Correlation between alerting and orienting network in musicians

	Declarations
	Author contribution statement
	Funding statement
	Competing interest statement
	Additional information

	Acknowledgements
	References


