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A B S T R A C T   

Nowadays, there is considerable controversy regarding the structural connectivity underlying the attentional 
networks system (i.e., alerting and vigilance, orienting, and executive control). The present study aimed at 
further examining and dissociating the white matter connectivity underlying attentional and vigilance func
tioning by overcoming some critical limitations in previous research. To this end, we performed virtual in vivo 
dissections of attention-related white matter tracts from thirty healthy adults. Participants completed two ses
sions of the Attentional Networks Test for Interactions and Vigilance, a suitable task to assess simultaneously 
phasic alertness, orienting, executive control, and the executive component of vigilance (i.e., the ability to detect 
infrequent critical signals). Whereas we found a consistent correlation between phasic alertness and both the 
right dorsolateral prefrontal caudate tract and the splenium of the corpus callosum, evidence obtained for white 
matter connectivity underlying orienting, executive control, and executive vigilance, was either weak at the best, 
inconsistent, or null. White matter connectivity seemed to support nevertheless the most reliable performance: 
overall reaction time for attentional functioning was significantly associated with the left cingulate fasciculus and 
overall reaction time for executive vigilance was significantly linked to the bilateral superior longitudinal 
fasciculus I. The present outcomes provide interesting, consistent, and reliable evidence concerning the structural 
connectivity underlying the alerting network. We still consider that further evidence is necessary to better un
derstand the controversial relationship between attentional/vigilance processes and microstructural white 
matter connectivity though.   

1. Introduction 

Human attentional networks comprise a diverse set of brain circuits 
supporting attentional performance [1,2]. According to the conven
tional model proposed by Posner and colleagues, attentional processes 
are specifically developed by three relatively independent networks 
which, nevertheless, may interact with each other [1–3]. The alerting 
network is regulated by norepinephrine innervations from the locus 
coeruleus towards parietal and prefrontal cortices of the right 

hemisphere, a set of regions underlying both phasic alertness (i.e., a 
brief and momentary increment of arousal) and vigilance (i.e., the 
ability to sustain attention for extended time periods) [4]. The posterior 
network comprises the superior colliculus and the pulvinar nuclei of the 
thalamus, along with the frontal eye fields and posterior parietal re
gions. This network is involved in attentional orienting over spatial 
sources from the environment to locate potentially relevant stimuli [5]. 
Finally, the anterior network mainly involves the anterior cingulate and 
dorsolateral prefrontal cortices, a circuit that underlies executive control 
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1 Permanent address at: Instituto de Investigaciones Psicológicas (IIPsi), CONICET-UNC, Facultad de Psicología, Universidad Nacional de Córdoba, Boulevard de la 
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processes to direct action towards relevant information to adapt our 
behavior to long term goals [6,7]. 

To behaviorally assess the independence of the attentional networks 
functioning at the same time, Fan et al. developed the Attentional 
Network Test (ANT) [8]. The ANT combines a visual cueing paradigm 
[9] suitable to assess the phasic alertness and orienting performance, 
along with a flanker task [10] that provides an adequate assessment of 
the executive control network functioning. Importantly, the ANT has 
demonstrated to be an effective and reliable method to assess the 
behavioral patterns of attentional components [11,12], and it has been 
extensively used for examining brain activity (e.g., by mainly using 
functional magnetic resonance imaging and/or electroencephalog
raphy) underlying the attentional networks system [13–19]. At present, 
nevertheless, to the best of our knowledge, the evidence concerning the 
specific structural connectivity supporting the attentional networks 
circuits in healthy adults is both scarce and inconsistent at best [20–24]. 

In particular, to analyze and determine the structural brain con
nectivity underlying the human attentional networks, there has been a 
notable and rising interest in the use of Diffusion-Weighted Imaging 
(DWI) [25–27]. The reconstruction of the whole-brain tractography 
from DWI data acquisition is specially adequate to analyze the structural 
organization and brain connectivity of white matter tracts [28,29]. 
Indeed, an often-used approach to understanding the relationship be
tween structural white matter tracts connectivity and cognitive func
tioning is to perform virtual in vivo dissections of brain fasciculus/tracts 
of interest [21,30], and then to offline correlate the indices of white 
matter connectivity with performance scores [20,25,27,31]. 

A classical informative index of white matter connectivity is the 
fractional anisotropy (FA), which ranges from 0 (isotropic diffusion) to 1 
(anisotropic diffusion) depending on the diffusion directionality of the 
molecules within the fibers [29,32]. In general, it has been reported that 
the higher the FA, the higher the connectivity between the brain regions 
and therefore, the higher the potential relationship with the cognitive 
performance [29,33]. Note that, however, a critical limitation of the FA 
is that it represents average measures of tissue’s properties and fibers 
orientations, not being a fiber-specific index. In this regard, most recent 
spherical deconvolution methods have been developed to solve this 
multiple fiber orientations limitation [34] and to improve tractography 
reconstructions, although its use has not been extensively explored in 
the assessment of the attentional networks functioning. 

The structural connectivity underlying the attentional networks 
system was previously examined by Niogi et al., by linking the atten
tional networks’ performance measured with the ANT with the white 
matter connectivity by using the FA index [20]. The authors observed 
three pairs of positive and independent correlations between (a) the left 
posterior limb of the internal capsule (PLIC) and phasic alertness, (b) the 
splenium of the corpus callosum (CC) and attentional orienting, and (c) 
the anterior corona radiata and executive control. Regarding vigilance, 
it has been found that the sensitivity to detect infrequent critical targets 
across time on task in the Continuous Performance Test [35] was posi
tively correlated with the FA index of the right cingulate fasciculus [36]. 
Furthermore, a different role of the left and right dorsolateral prefrontal 
caudate (DLPFC) tract was observed for different attentional functions 
by also using the Continuous Performance Test: whereas the left DLPFC 
seemed to be involved in executive control processes, the right DLPFC 
tract was strongly associated with vigilance performance [22]. 

Importantly, by reconstructing DWI data with the most sensitive 
spherical deconvolution approach, Thiebaut de Schotten et al. [21] were 
able to disentangle that the classical white matter tracts related to the 
visuospatial attentional network would correspond to the superior lon
gitudinal fasciculus (SLF) branches I, II, and III [37]. In particular, the 
SLF I would be linked to the dorsal attentional network proposed by 
Corbetta et al. [38], which connects dorsal prefrontal and posterior 
parietal cortices, and is involved in voluntary orienting of spatial 
attention towards target stimuli. The SLF III would be overlapped with 
the right-lateralized ventral frontoparietal attentional network, 

underlying the automatic capture of spatial cues [38]. Lastly, the SLF II 
would be a white matter tract connecting the dorsal prefrontal regions of 
the SLF I and the parietal regions of the SLF III [21,39]. Note that the 
SLFs (especially those with rightward hemispheric lateralization) were 
correlated with the behavioral degree of leftward bias during tasks 
assessing visuospatial attention [21]. 

1.1. The present study 

Taking all the above into account, it is important to highlight that 
previous research has (a) analyzed the structural brain connectivity of 
attentional networks in healthy adults examining attentional and vigi
lance performance across separated studies, and (b) used the traditional 
FA index as a proxy of white matter connectivity, in most cases [20–22, 
36]. To overcome these limitations, the present study aimed at further 
examining the microstructural white matter connectivity underlying 
multiple cognitive components of the attentional networks system [25, 
26] by using the highly sensitive spherical deconvolution approach [34]. 
Thus, to this end, we offline correlated data from (a) virtual in vivo 
dissections of white matter tracts previously reported as related to 
attentional and vigilance performance [20–22,36], and (b) performance 
scores computed from a new version of the classic ANT, i.e., the ANT for 
Interactions and Vigilance (ANTI-V) [40]. Importantly, note that the 
ANTI-V is a task suitable to assess in a single session the independence 
and interactions of the classic attentional components (i.e., phasic 
alertness, orienting, and executive control) as the ANT for Interactions 
(ANTI) developed by Callejas et al. [41] along with an executive 
component of vigilance (EV), i.e., the maintenance of attention over 
long time periods for detecting rare but critical signals [40,42–44]. We 
expect the present study to contribute to a better understanding of the 
white matter connectivity underlying the human attentional networks in 
healthy adults [1,25,26]. 

2. Material and methods 

2.1. Participants 

A total of thirty undergraduate students (16 women, age: M = 18.57; 
SD = 4.12) from the University of Granada, Spain, volunteered to 
participate in the study in exchange for monetary compensation (10 
Euros/h). Participants signed an informed consent approved by the local 
ethics committee and completed a safety protocol for magnetic reso
nance imaging (MRI) data acquisition. All participants had normal or 
corrected to normal vision and none of them had a history of neuro
logical illness. The present study was conducted according to the ethical 
standards of the 1964 Declaration of Helsinki (last update: Seoul, 2008) 
and it was part of a larger research project, which was positively eval
uated by the University of Granada Ethical Committee (PSI2014-52764- 
P). 

2.2. Diffusion-weighted imaging 

2.2.1. Data acquisition 
A total of 70 near-axial slices were acquired on a Siemens 3-TRIO 

TIM system –equipped with a 32-channel head coil– at the Brain, 
Mind, and Behaviour Research Center (CIMCYC), University of Granada. 
We used a sequence fully optimized for DWI of white matter (based on 
Damped Richardson Lucy Spherical Deconvolution) [34], providing 
isotropic (2 × 2 × 2 mm) resolution and coverage of the whole head with 
a posterior-anterior phase of acquisition (echo time =88 ms and repe
tition time =8400 ms). Note that Damped Richardson Lucy Spherical 
Deconvolution estimates multiple orientations in voxels containing 
different populations of crossing fibers [45,46]. At each slice location, 6 
images were acquired with no diffusion gradient applied and 60 
diffusion-weighted images in which gradient directions were uniformly 
distributed in space. The diffusion weighting was equal to a b-value of 
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1500s/mm2. 

2.2.2. Data pre-processing and virtual in vivo dissections 
DWI data processing were performed following similar previously 

reported procedures [20–22,30,47]. First, and for each slice, 
diffusion-weighted data were simultaneously registered and corrected 
for participant motion and geometrical distortion adjusting the gradient 
accordingly by using the ExploreDTI toolbox [48] on MATLAB R2017a 
(The MathWorks, Inc.). Then, individual dissections were carried out 
with the software TrackVis [49]. Based on previous DWI researches on 
attention and vigilance, the following white matter tracts of interest 
were selected: the three branches of the SLF [21,31,37,38], the splenium 
of the CC and the PLIC [20], the cingulate fasciculi [36], and the DLPFC 
[22]. All white matter tracts were virtually dissected by using a sin
gle/multiple Regions of Interest (ROI) approach based on methodolog
ical procedures reported in previous studies, as described below. Fig. 1 
shows all ROIs and reconstructed targeted tracts (i.e., SLFs, cingulate 
fasciculus, splenium of the CC, PLIC tracts, and DLPFC tracts) in the left 
hemisphere, as an example in one representative participant per tract. 

The three branches of the SLF (on both the left and right hemisphere) 
were isolated by using a multiple-ROI approach, as in Thiebaut de 
Schotten et al. [21]. Parietal ROIs and frontal ROIs were delineated 
around the white matter, based on the guidelines provided in Thiebaut 
de Schotten et al. [21]. A not-part ROI in the temporal and the CC white 
matter were also used to exclude streamlines of the arcuate fasciculus 
projecting to the temporal lobe [21,50]. The two cingulate fasciculi (on 
both the left and right hemisphere) were isolated by using an one-ROI 
approach, as recommended in Catani and Thiebaut de Schotten [30], 
with a not-part ROI in the CC white matter to avoid crossing fibers. The 
splenium of the CC was also isolated by using an one-ROI approach, 
based on Catani and Thiebaut de Schotten [30,47]. The PLIC (on both 
the left and right hemisphere) were isolated by using a multiple-ROI 
approach, based on Niogi et al. [20], with a not-part ROI in the CC 
white matter. Finally, the DLPFC tract (on both the left and right 
hemisphere) were isolated by using a multiple-ROI approach, as rec
ommended in Chiang et al. [22]. A ROI in the dorsolateral prefrontal 
cortex and a ROI in the caudate nucleus were delineated around the 
white matter, with a not-part ROI in the CC white matter. 

The index employed as a surrogate for tract microstructural organi
zation (i.e., the mean Hindrance Modulated Orientational Anisotropy 
–HMOA–) [34] was extracted from each dissected tract. The mean 
HMOA is defined as the absolute amplitude of each lobe of the fibers 
orientation distribution within a specific white matter orientation, and it 
is considered highly sensitive to axonal myelination, fiber diameter, and 
axonal density [34], providing specific information about the distinct 
fibers orientations. Thus, whereas the lowest value (i.e., 0) of HMOA 
indicates the absence of fibers, the highest value (i.e., 1) corresponds to a 
signal that references the highest fibers orientation distribution ampli
tude that can be realistically detected in a specific white matter orien
tation [34]. Note that a relevant advantage of the HMOA index is that it 
can be used to describe the microstructural properties of a single fiber 
population that are dissected from voxels containing multiple fiber 
orientations with different tissue properties (e.g., such as the axonal 
diameter or the degree of myelination) [34]. 

2.3. Behavioral Assessment: ANTI-V 

Participants completed two experimental sessions of the ANTI-V task 
[40], one before and the other after MRI data acquisition. The task was 
designed and run in E-Prime v2.0 Professional [Psychology Software 
Tools, Pittsburgh, PA, [51]], and responses were registered with a 
standard QWERTY keyboard. In short, the ANTI-V combines two 
embedded tasks: (a) in the largest proportion of trials (i.e., 75 %), par
ticipants have to complete the ANTI task [41], which is suitable to assess 
the independence and interactions of the classic attentional functions; 
and (b) in the remaining trials (i.e., 25 %), participants perform a 

signal-detection task similar to the Continuous Performance Test [35] 
that is suitable to assess EV. The stimuli sequence and timing for the 
ANTI and EV trials are depicted in Fig. 2, and are described in detail in 
Roca et al. [40]. 

In the ANTI trials, participants completed a flanker task by 
responding to the direction the target (i.e., a central arrow) pointed to, 
while ignoring the surrounding flanking arrows. To assess executive 
control, in half of these trials the direction of the target pointed to the 
same direction than distractors (congruent condition), whereas in the 
other half it pointed to the opposite direction (incongruent condition). 
To assess phasic alertness, a warning signal could anticipate the 
response stimuli in half of these trials (tone condition), while no warning 
signal was presented in the other half (no tone condition). Finally, to 
assess attentional orienting, an exogenous visual cue could be presented 
above or below the fixation point before the string of arrows. In 
particular, the visual cue could (a) appear at the same location as the 
response’ stimuli (33.3 % of times, valid cue condition), (b) at the 
opposite location (33.3 % of trials, invalid condition), or (c) not be 
presented (33.3 % of trials, no cue condition). Examples of visual cue 
and congruency are depicted in Fig. 2. 

As above-mentioned, the EV task was embedded along with the ANTI 
trials, and it demanded to perform a signal-detection task similar to the 
Continuous Performance Test [35]. In short, the EV trials (i.e., 25 %) had 
the same procedure than the ANTI ones, except that the target was 
horizontally displaced from its central position (either leftwards or 
rightwards, see Fig. 2). Participants were instructed to remain vigilant to 
detect the large displacement by pressing the space bar while ignoring in 
these cases the direction pointed by the target. 

Before the experiment task, participants received specific in
structions to correctly perform the different types of trials, and then they 
completed one practice block of 64 randomized trials (48 ANTI and 16 
EV) with visual feedback. Afterward, they completed 6 experimental 
blocks of 64 randomized trials (48 ANTI and 16 EV per block), with no 
pause nor visual feedback. The 48 ANTI trials had the following factorial 
design: Warning signal (no tone/tone) × Visual Cue (invalid/no cue/ 
valid) × Congruency (congruent/incongruent). The 16 EV trials per 
block were randomly selected from all the possible trial combinations. 

2.4. Statistical analyses 

Repeated-measures analysis of variance (ANOVA) and bivariate 
Pearson correlations were conducted in Statistica 8.0 [52], and JASP 
[53] was used to perform Bayesian correlations [54]. One participant 
was excluded due to an extreme overall percentage of errors in the ANTI 
trials (3 SD above the group mean), and two participants were addi
tionally excluded due to technical errors in the DWI reconstruction, thus 
leaving a final sample of twenty-seven participants. 

2.4.1. Attentional networks performance 
A first analysis examined whether the independence and interactions 

of the classic attentional functions were successfully observed in the 
present study, as expected with the ANTI [41,55] and ANTI-V [40,42] 
tasks. For the ANTI trials, the reaction time (RT) analyses excluded trials 
with incorrect responses (7.29 %) and with RT below 200 ms or above 
1500 ms (0.76 %). The main effects and interactions of the classic 
attentional components included two repeated-measures ANOVAs, with 
RT and percentage of errors as dependent variable, respectively, and 
including warning signal (no tone/tone), visual cue (invalid/no 
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Fig. 1. Example of reconstructions in TrackVis software in sagittal view – left hemisphere, as an example in one representative participant per tract: (a) recon
struction of the whole-brain tractography. The different colors represent the direction of the reconstructed fibers: in green the fibers with antero-posterior direction, 
in red with left-right direction, and in blue with dorsal-ventral direction. (b) SLFs tracts. (c) cingulate fasciculus tract. (d) splenium of the CC tract. (e) PLIC tract. (f) 
DLPFC tract. Green lines represent the Regions of Interest (ROIs) per tract. The colors of the tracts (images b to f) were randomized for visualization. 

Fig. 2. Procedure and conditions for the trials of the ANTI-V task. (a) Stimuli timing and sequence for both ANTI and EV trials. Responses were allowed until 2000 ms 
since the target appearance. (b) Examples of congruency conditions. (c) Examples of target displacement in EV trials. Panels (b) and (c) show the correct response for 
each type of ANTI and EV trials. (d) Examples of visual cue conditions. 
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cue/valid), congruency (congruent/incongruent), and session (two 
levels) as within-participant factors. 

2.4.2. Attentional and EV reliability scores 
We then analyzed the test-retest reliability by Pearson’s bivariate 

correlations between the two experimental sessions.2 We computed the 
attentional networks scores proposed by Callejas et al. [41] by sub
tracting average data in specific conditions. In particular, the phasic 
alertness score (i.e., the difference between no tone minus tone condi
tions) was computed in two different ways: (a) considering all trials, and 
(b) only including trials with no visual cue, i.e., wherein alertness seems 
to increase its effect [41]; although note that this score might be less 
reliable as it is computed from fewer observations. For attentional ori
enting, we computed three different scores: (a) the orienting score, as 
the result of invalid minus valid conditions; (b) the benefits score (i.e., 
no cue minus valid conditions), which refers to the orienting enhance
ment obtained from valid visual cues; and (c) the costs score (i.e., invalid 
minus no cue conditions), as the impairment in orienting as consequence 
of invalid visual cues. The executive control score was obtained as the 
difference between incongruent and congruent conditions. Finally, we 
also computed overall scores for both RT and percentage of errors. 

For the EV trials, warning tone, visual cue, and congruency levels 
were not considered for analyses, with data being collapsed across all 
these variables. We computed the following signal-detection theory 
metrics: hits (i.e., correct responses in the EV trials) and false alarms (i. 
e., space bar responses in the ANTI trials) rate, and non-parametric 
indices of sensitivity (Aʹ) and response bias (Bʺ) [56]. Additionally, we 
obtained the mean and SD of RT on hits, excluding trials with a RT below 
200 ms or above 1500 ms (2.02 %). 

2.4.3. Correlations between behavioral and DWI data 
Bivariate correlations were performed between the HMOA index 

obtained from each virtual in vivo dissected tract, and the overall scores 
computed across sessions of the classic attentional components and EV. 
Note that, importantly, correlations were performed by using two 
different statistical approaches. While Null-Hypothesis Significance 
Testing (NHST, i.e., Pearson correlations) were conducted for testing 
statistical significance to reject the null hypothesis (H0; i.e., the absence 
of correlation between variables), Bayesian correlations were performed 
to test the strength of the evidence supporting either H0 or the alter
native hypothesis (H1; the existence of a positive or negative correlation 
between variables) [54].3 Note that, given that thirteen (i.e., the amount 
of HMOA indices) correlational tests were performed on each attentio
nal/vigilance score, the standard significance level (i.e., p < .05) for 
Pearson correlations was adjusted by Bonferroni correction, being 
therefore set at p < .004. 

3. Results 

3.1. Attentional networks performance 

The main effects of the classic attentional components usually re

ported with the ANTI [41] and ANTI-V [40] tasks were also found as 
significant here. The main effect of warning was observed as significant 
for RT [F (1, 26) = 23.23, p < .001, η2

p = .47] and as marginal for errors 
[F (1, 26) = 4.14, p = .052, η2

p = .14]). As depicted in Fig. 3, responses 
were faster and more precise in the tone than no tone condition. The 
main effect of visual cue was significantly observed only for RT [F (2, 52) 
= 53.81, p < .001, η2

p = .67], but not for errors (F < 1). As observed in 
Fig. 3, the visual cueing effect was found as usually observed: responses 
were faster in the valid than in the no cue condition, and faster in this 
than in the invalid condition, therefore respectively showing significant 
attentional benefits [F (1, 26) = 24.81, p < .001, η2

p = .49] and costs [F 
(1, 26) = 23.39, p < .001, η2

p = .47] effects. Lastly, the congruency effect 
was significantly observed for both RT [F (1, 26) = 268.85, p < .001, η2

p 

= .91] and errors [F (1, 26) = 40.47, p < .001, η2
p = .61]. As expected, 

responses were faster and more accurate in the congruent than incon
gruent condition (see Fig. 3). 

Moreover, the two-way interactions usually reported with the ANTI 
[41] and ANTI-V [40] tasks were also found as significant here (see 
Table 1): Warning signal × Visual cue (RT [F (2, 52) = 7.96, p < .001, η2

p 

= .23]; errors [F (2, 52) = 4.05, p = .023, η2
p = .13]), Warning signal ×

Congruency (only for RT [F (1, 26) = 8.39, p = .008, η2
p = .24]; not for 

errors, F < 1), and Visual cue × Congruency (only for RT [F (2, 52) =
8.54, p < .001, η2

p = .25]; not for errors [F (2, 52) = 2.11, p = .131, η2
p =

.08]). Altogether, this pattern of outcomes further demonstrates that the 
ANTI-V task was suitable to assess both the independence and the in
teractions of the classic attentional components in the present study. 

Importantly, as can be observed in Table 1, there was not a signifi
cant main effect of experimental session for both RT and errors (both Fs 
< 1.05, ps < .320). Moreover, the experimental session did not signifi
cantly modulate any of the main effects of the classic attentional com
ponents: warning signal (RT [F (1, 26) = 1.66, p = .209, η2

p = .06], errors 
[F (1, 26) = 3.83, p = .061, η2

p = .13]), visual cue (RT [F (2, 52) = 2.11, p 
= .132, η2

p = .07], errors [F (2, 52) = 1.34, p = .271, η2
p = .05]), and 

congruency (RT, F < 1; errors [F (1, 26) = 1.41, p = .246, η2
p = .05]). 

3.2. Test-retest reliability 

As can be observed in Table 2, the overall RT of the ANTI trials 
showed high reliability score, whereas it was found moderate reliability 
for executive control and phasic alertness (only in the RT score 
computed for all trials) and low reliability for the orienting scores and 
the overall percentage of errors. Note that these outcomes were 
observed in the same vein that previous studies appraising the reliability 
of the ANT [11] and ANTI-V [42] tasks. Importantly, moderate to high 
reliabilities were found for the EV indices, as previously reported with 
the split-half method for the ANTI-V [42], thus proving that the task was 
suitable to obtain an independent measure of EV across sessions. 

3.3. Descriptive statistics of white matter tracts 

Table 3 shows the descriptive statistics of the HMOA index for each 
of the targeted virtual in vivo dissected tracts. To control for the dis
sections reliability, we compared the HMOA indices between hemi
spheres –for the well-known lateralized tracks– based on previous data 
[20–22,30,47]. Supporting previous outcomes [21], there was a signif
icant right lateralization for the SLF II [t (26) = 4.95, p < .001] and SLF 
III [t (26) = 3.32, p = .003], which was not observed for the SLF I [t (26) 
= 0.20, p = .840]. In addition, and also in the same vein that previous 
findings [58,59], both the cingulate fasciculus [t (26) = 4.20, p < .001] 
and the PLIC [t (26) = 5.80, p < .001] were left lateralized. Lastly, and 
also in line with previous findings [22], the DLPFC showed no laterali
zation between hemispheres [t (26) = 1.27, p < .217]. Thus, the usual 

2 Note that, according to MacLeod et al. [11], a practical interpretation –for 
research purposes– of the reliability based on the test-retest correlations scores 
might be that (a) values smaller than .40 reflect low reliability; (b) values be
tween .40 and .60 might be interpreted as moderate reliability; (c) value be
tween .60 and .70 can be considered as moderate-high reliability; and (d) 
values greater than .70 can be considered as high reliability.  

3 Note that the inverse Bayes Factor (BF10) might be interpreted as described 
by Jarosz and Wiley [60] as (a) below 0.33, as consistent evidence in favor for 
the H0; (b) between 0.33 and 1, as inconsistent evidence supporting neither the 
H0 nor the H1; (c) between 1 and 3, as anecdotal evidence for the H1; (d) above 
3, as consistent evidence supporting the H1, and in particular: between 3 and 10 
as substantial, between 10 a 30 as strong, between 30 and 100 as very strong, 
and above 100 as decisive evidence for the H1. 
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lateralization pattern of tracts was also observed in the present study. 

3.4. Correlations between attentional and EV scores and white matter 
connectivity 

For the sake of clarity, correlations matrices between performance 
scores and DWI data are presented in separate tables. For executive 
control, as can be observed in Table 4, Pearson correlations observed for 
both RT and errors scores did not reach the corrected significance level 
and, importantly, none correlation was observed by Bayesian analysis 
–at least– as positive evidence in favor of the existence of correlation 
[60]. However, as can be also observed in Table 4, a negative correlation 
(r = -.47, p < .05) between the left cingulate fasciculus and the overall 
RT, showing that the higher the HMOA, the faster the responses for the 
ANTI task. Note that, in this case, this negative Pearson correlation was 
observed by the Bayesian analysis as positive evidence for the existence 
of correlation (BF10 = 4.49). 

For phasic alertness, as can be observed in Table 5, negative Pearson 

correlations between the errors score (computed only from the no cue 
trials) with the HMOA of the right DLPFC (r = -.53, p < .005; BF10 =

10.44) and the splenium of the CC (r = -.54, p < .004; BF10 = 13.59) 
were also observed as strong evidence for the existence of correlation by 
the Bayesian analysis. Moreover, the errors score computed from all 
trials showed an even stronger significant negative correlation with the 
splenium of the CC, also observed as very strong evidence in favor of the 
existence of correlation by the Bayesian analysis (r = -.61, p < .001; BF10 
= 54.70). Thus, the higher the HMOA index of both the right DLPFC and 
especially the splenium of the CC, the smaller the effect of phasic 
alertness on performance. Finally, note that, however, previous corre
lations found between the left PLIC and phasic alertness [20] were 
observed in the present study as non-significant and, at the same time, 
demonstrated either consistent evidence in favor of the absence of a 
correlation (for the RT scores) or inconsistent evidence for either the H0 
or the H1 (for the errors scores). 

For the orienting network, although it was highly expected to be 
associated with both the right SLF III [21] and the splenium of the CC 

Fig. 3. Mean correct RT (superior panels) and percentage of errors (lower panels) for the warning signal, visual cue, and congruency conditions (data collapsed 
across the two sessions). Error bars represent 95 % confidence interval and were computed following the method developed by Cousineau [57]. 

Table 1 
Mean correct RT (ms) and percentage of errors for the phasic alertness, visual cue, and congruency conditions, as a function of experimental sessions.     

Session 1 Session 2    

Congruent Incongruent Congruent Incongruent    

M 95 % CI M 95 % CI M 95 % CI M 95 % CI 

Reaction time          
No tone Invalid 632 [595, 668] 719 [679, 759] 635 [590, 681] 719 [671, 768]   

No cue 639 [603, 674] 712 [673, 752] 640 [592, 688] 704 [660, 748]   
Valid 609 [573, 645] 688 [647, 728] 611 [565, 658] 690 [636, 745]  

Tone Invalid 615 [582, 648] 716 [683, 749] 609 [558, 660] 733 [680, 787]   
No cue 603 [569, 637] 669 [633, 705] 585 [539, 632] 677 [629, 725]   
Valid 588 [556, 620] 675 [634, 717] 570 [527, 614] 651 [604, 699] 

Errors          
No tone Invalid 4.17 [1.62, 6.71] 11.57 [8.11, 15.04] 6.17 [2.90, 9.45] 12.04 [7.97, 16.11]   

No cue 3.55 [1.32, 5.78] 8.95 [5.93, 11.97] 6.48 [3.02, 9.94] 13.12 [8.09, 18.14]   
Valid 4.01 [2.16, 5.87] 9.26 [6.47, 12.05] 6.02 [2.30, 9.74] 10.49 [6.80, 14.19]  

Tone Invalid 1.08 [0.10, 2.06] 9.41 [5.80, 13.03] 4.94 [1.87, 8.01] 9.26 [5.43, 13.09]   
No cue 3.24 [1.23, 5.25] 8.80 [5.27, 12.32] 4.32 [1.45, 7.19] 9.57 [5.86, 13.28]   
Valid 5.56 [2.74, 8.37] 10.49 [7.09, 13.90] 5.71 [2.38, 9.04] 9.26 [5.51, 13.01] 

Note. M = mean, CI = confidence interval. 
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[20], the correlations observed in Table 6 in the errors score did not 
reach the corrected significance level and did not show at least positive 
evidence in favor of the existence of correlation by the Bayesian analysis. 

Finally, regarding the scores computed for EV performance, only the 
overall mean RT on hits showed a negative correlation with both the left 
(r = -.53, p < .005; BF10 = 11.92) and the right (r = -.50, p < .01; BF10 =

6.67) SLF I, being both correlations observed as strong and substantial 
evidence for the existence by the Bayesian analysis, respectively. Thus, 
the higher the HMOA of bilateral SLF I, the faster the responses for hits 
on infrequent target detection. Note that, however, signal-detection 
theory metrics computed for EV did not show any relevant correlation 
with the HMOA indices of the white matter tracts dissected in the pre
sent study (see Table 7). 

It is important to note that Bayesian analyses were useful to examine 
two critical issues of the correlations performed between HMOA indices 
and the attentional/vigilance scores, which are indeed unable to be 
addressed by the NHST approach. On the one hand, the inverse Bayes 
factor demonstrated that a large number of correlations (either unex
pected or expected based on previous research [20–22,36]) was 

observed as consistent evidence in favor of the H0, i.e., absence of cor
relation. For instance, whereas Niogi et al. [20] found a positive and 
significant correlation between the left PLIC and the RT score of phasic 
alertness, this correlation was observed in the present study for both RT 
scores of phasic alertness with a BF10 < 0.33, which rather means evi
dence in favor of the absence of correlation (see Table 5, but also 
Tables 4–7 for others correlations with a similar BF10). On the other 
hand, note that a small but interesting set of outcomes were observed by 
Bayesian analyses only as anecdotal evidence in favor of the H1; e.g., the 
correlations between (a) the left DLPFC and the RT score of executive 
control, which was previously reported by Chiang et al. [22], was 
observed here with a BF10 = 1.97 (see Table 4), although showing an 
unusual positive correlation; or (b) the right SLF III and the RT orienting 
score, an association consistently observed in previous studies [21,24, 
31,39], was observed in the present study with a BF10 = 1.30 (see 
Table 6). These data seem to indicate that larger amount of evidence –at 
least as in the way it is addressed here– is still necessary to further 
determine whether the correlations observed with anecdotal evidence in 
favor of the existence of correlation can be effectively supported by 

Table 2 
Attentional and executive vigilance performance scores for each experimental 
session, the overall across sessions, and the test-retest reliability scores between 
sessions.    

Session 1 Session 2 Overall Test- 
retest   

M [95% CI] M [95% CI] M [95% CI] r 
Pearson 

ANTI - Reaction Time 
(ms)      

Overall 654 [620, 
687] 

651 [605, 
697] 

651 [615, 
687] 

.70****  

Phasic alertness 22 [10, 34] 29 [17, 41] 25 [15, 36] .56***  
Phasic alertness 
(no cue) 

39 [22, 55] 40 [21, 60] 39 [23, 55] .42*  

Orienting 29 [21, 37] 43 [33,52] 36 [30, 42] .03  
Benefits 16 [7, 24] 20 [9, 31] 18 [10, 25] .24  
Costs 13 [2, 24] 22 [11, 34] 18 [10, 26] .10  
Executive 
control 

82 [70, 94] 87 [75, 99] 85 [74, 95] .59*** 

ANTI - Errors (%)      
Overall 6.67 [4.82, 

8.53] 
8.11 [5.20, 
11.03] 

7.39 [5.42, 
9.37] 

.33  

Phasic alertness 0.49 [-0.79, 
1.77] 

1.88 [0.37, 
3.39] 

1.18 [-0.01, 
2.38] 

.46*  

Phasic alertness 
(no cue) 

0.23 [-1.77, 
2.23] 

2.85 [0.25, 
5.46] 

1.54 [-0.36, 
3.45] 

.36  

Orienting − 0.77 
[-2.66, 1.12] 

0.23 [-1.22, 
1.68] 

− 0.27 
[-1.65, 1.11] 

.36  

Benefits − 1.20 
[-3.10, 0.71] 

0.50 [-1.08, 
2.08] 

− 0.35 
[-1.82, 1.13] 

.43*  

Costs 0.42 [-1.59, 
2.43] 

− 0.27 
[-1.62, 1.08] 

0.08 [-1.06, 
1.21] 

− .13  

Executive 
control 

6.15 [4.45, 
7.84] 

5.02 [2.66, 
7.37] 

5.58 [3.78, 
7.38] 

.57*** 

Executive vigilance      
Mean RT (ms) 852 [811, 

894] 
850 [804, 
895] 

852 [811, 
894] 

.85****  

SD of RT (ms) 151 [134, 
167] 

150 [132, 
168] 

152 [137, 
166] 

.65****  

Hits (%) 48.50 
[41.30, 
55.69] 

44.79 
[37.53, 
52.05] 

46.64 
[39.69, 
53.60] 

.85****  

False alarms 
(%) 

4.21 [2.64, 
5.77] 

4.24 [2.71, 
5.78] 

4.22 [2.86, 
5.59] 

.54***  

Sensitivity (Aʹ) 0.84 [0.82, 
0.87] 

0.83 [0.81, 
0.85] 

0.84 [0.81, 
0.86] 

.85****  

Response Bias 
(Bʺ) 

0.72 [0.62, 
0.81] 

0.71 [0.62, 
0.80] 

0.71 [0.63, 
0.79] 

.66**** 

Note. M = mean, CI = confidence interval, r = Pearson correlation. 
* p < .05. 
*** p < .005. 
**** p < .001. 

Table 3 
Mean and 95 % confidence intervals of the HMOA index obtained for each white 
matter tract.   

HMOA  

Mean 95 % CI 

SLF I left .068 [.064, .072] 
SLF I right .068 [.064, .072] 
SLF II left .083 [.079, .088] 
SLF II right .095 [.091, .099] 
SLF III left .089 [.086, .093] 
SLF III right .093 [.090, .096] 
Cingulate left .124 [.117, .130] 
Cingulate right .113 [.108, .118] 
PLIC left .131 [.127, .134] 
PLIC right .122 [.118, .126] 
DLPFC left .097 [.094, .100] 
DLPFC right .094 [.090, .098] 
Splenium CC .182 [.172, .192] 

Note. SLF = superior longitudinal fasciculus, PLIC = posterior limb of internal 
capsule, DLPFC = dorsolateral prefrontal caudate, CC = corpus callosum, HMOA 
= Hindrance Modulated Orientational Anisotropy, CI = confidence interval. 

Table 4 
Bivariate Pearson and Bayesian correlations between overall and executive 
control scores, and the HMOA index of each targeted white matter tract.   

Reaction Time scores Errors scores  

Overall Executive 
control 

Overall Executive 
control  

r BF10 r BF10 r BF10 r BF10 

SLF I left − .18 0.35 − .15 0.31 .04 0.24 .13 0.29 
SLF I right − .18 0.35 − .30 0.71 .12 0.28 .19 0.37 
SLF II left − .43 2.49 − .27 0.57 − .14 0.30 .08 0.26 
SLF II right .08 0.26 .01 0.24 − .01 0.24 .01 0.24 
SLF III left − .15 0.32 − .17 0.34 − .03 0.24 .13 0.29 
SLF III right .09 0.26 .06 0.25 − .03 0.24 .16 0.32 
Cingulate left − .47 4.49 − .27 0.60 − .17 0.33 .07 0.25 
Cingulate 

right 
− .32 0.84 − .41 1.95 − .08 0.26 .07 0.25 

PLIC left − .24 0.48 − .12 0.29 .13 0.30 .38 1.52 
PLIC right .07 0.25 − .02 0.24 .22 0.44 .38 1.52 
DLPFC left .10 0.27 .41 1.97 − .01 0.24 .12 0.28 
DLPFC right − .37 1.30 .03 0.24 − .15 0.31 − .03 0.24 
Splenium CC − .19 0.37 − .05 0.25 .18 0.35 .28 0.64 

Note. Inverse Bayes factors (BF10) supporting the H0 (i.e., < 0.33) are presented 
in boldface, while those supporting the H1 (i.e., > 3) are presented in boldface 
and underlined. SLF = superior longitudinal fasciculus, PLIC = posterior limb of 
internal capsule, DLPFC = dorsolateral prefrontal caudate, CC = corpus cal
losum, r = Pearson correlation, BF = Bayes Factor. 
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Table 5 
Bivariate Pearson and Bayesian correlations between phasic alertness scores, and the HMOA index of each targeted white matter tract.   

Reaction time scores Errors scores  

Phasic alertness Phasic alertness (no cue) Phasic alertness Phasic alertness (no cue)  

r BF10 r BF10 r BF10 r BF10 

SLF I left .06 0.25 .08 0.26 − .07 0.25 − .16 0.32 
SLF I right .06 0.25 .14 0.30 − .19 0.37 − .19 0.37 
SLF II left .09 0.26 .09 0.26 − .18 0.35 − .19 0.37 
SLF II right .30 0.71 .23 0.45 .11 0.27 .08 0.26 
SLF III left .24 0.46 .19 0.36 − .10 0.27 .10 0.27 
SLF III right .37 1.33 .29 0.64 − .10 0.27 .08 0.26 
Cingulate left .31 0.76 .33 0.89 − .17 0.34 − .23 0.44 
Cingulate right .25 0.51 .25 0.50 − .28 0.63 − .14 0.31 
PLIC left .11 0.28 .06 0.25 − .18 0.35 − .33 0.93 
PLIC right .38 1.48 .24 0.49 .00 0.24 − .14 0.30 
DLPFC left .38 1.40 .43 2.49 − .08 0.26 − .27 0.56 
DLPFC right − .08 0.26 − .02 0.24 − .23 0.45 − .53 10.44 
Splenium CC .21 0.40 .32 0.84 − .61* 54.70 − .54* 13.59 

Note. Inverse Bayes factors (BF10) supporting the H0 (i.e., < 0.33) are presented in boldface, while those supporting the H1 (i.e., > 3) are presented in boldface and 
underlined. SLF = superior longitudinal fasciculus, PLIC = posterior limb of internal capsule, DLPFC = dorsolateral prefrontal caudate, CC = corpus callosum, r =
Pearson correlation, BF = Bayes Factor. 

* Bonferroni corrected p < .004. 

Table 6 
Bivariate Pearson and Bayesian correlations between the scores computed for the orienting network, and the HMOA index of each targeted white matter tract.   

Reaction time scores Errors scores  

Orienting Benefits Costs Orienting Benefits Costs  

r BF10 r BF10 r BF10 r BF10 r BF10 r BF10 

SLF I left − .02 0.24 .03 0.24 − .05 0.25 − .04 0.24 − .29 0.66 .32 0.87 
SLF I right .02 0.24 − .20 0.39 .20 0.39 − .23 0.44 − .41 2.10 .26 0.54 
SLF II left − .14 0.30 .12 0.28 − .21 0.41 .04 0.24 − .22 0.42 .33 0.95 
SLF II right − .32 0.86 − .16 0.33 − .09 0.27 − .02 0.24 − .13 0.29 .15 0.31 
SLF III left − .23 0.44 − .11 0.27 − .07 0.25 .07 0.25 .03 0.24 .05 0.25 
SLF III right − .37 1.30 − .21 0.40 − .09 0.26 .14 0.30 .27 0.59 − .18 0.35 
Cingulate left − .07 0.25 − .05 0.25 .00 0.24 .13 0.29 − .02 0.24 .18 0.35 
Cingulate right .03 0.24 .01 0.24 .02 0.24 .21 0.41 .00 0.24 .26 0.55 
PLIC left − .14 0.30 − .04 0.25 − .06 0.25 .34 1.04 .23 0.44 .12 0.29 
PLIC right − .22 0.42 − .23 0.46 .05 0.25 .39 1.60 .07 0.25 .38 1.47 
DLPFC left − .29 0.68 − .18 0.35 − .06 0.25 − .04 0.24 .02 0.24 − .08 0.26 
DLPFC right − .07 0.25 .08 0.26 − .12 0.28 − .08 0.26 − .01 0.24 − .08 0.26 
Splenium CC − .23 0.44 .16 0.33 − .32 0.86 .02 0.24 − .11 0.28 .17 0.34 

Note. Inverse Bayes factors (BF10) supporting the H0 (i.e., < 0.33) are presented in boldface, while those supporting the H1 (i.e., > 3) are presented in boldface and 
underlined. SLF = superior longitudinal fasciculus, PLIC = posterior limb of internal capsule, DLPFC = dorsolateral prefrontal caudate, CC = corpus callosum, r =
Pearson correlation, BF = Bayes Factor. 

Table 7 
Bivariate Pearson and Bayesian correlations between the scores computed for executive vigilance, and the HMOA index of each targeted white matter tract.   

Executive Vigilance scores  

Mean RT SD of RT Hits False alarms Aʹ Bʺ  

r BF10 r BF10 r BF10 r BF10 r BF10 r BF10 

SLF I left − .53 11.92 − .38 1.43 .15 0.31 .28 0.61 .12 0.29 − .19 0.37 
SLF I right − .50 6.67 − .34 0.98 .28 0.62 .34 1.00 .23 0.44 − .25 0.51 
SLF II left − .35 1.14 − .26 0.56 − .26 0.53 − .11 0.28 − .16 0.32 .12 0.28 
SLF II right − .03 0.24 .16 0.32 .08 0.26 .09 0.26 .04 0.24 − .09 0.26 
SLF III left − .11 0.27 .05 0.25 − .24 0.48 .01 0.24 − .25 0.50 .01 0.24 
SLF III right .08 0.26 .20 0.39 − .07 0.25 − .05 0.25 − .10 0.27 .02 0.24 
Cingulate left − .20 0.39 − .17 0.33 − .35 1.05 − .11 0.27 − .37 1.39 − .03 0.24 
Cingulate right .00 0.24 .04 0.24 − .33 0.95 − .18 0.35 − .27 0.56 .13 0.29 
PLIC left − .20 0.38 .05 0.25 − .17 0.34 .16 0.33 − .29 0.67 − .25 0.51 
PLIC right − .14 0.30 .11 0.28 .09 0.26 .23 0.46 .04 0.24 − .19 0.37 
DLPFC left .01 0.24 .21 0.40 .04 0.24 .12 0.28 − .06 0.25 − .18 0.35 
DLPFC right − .29 0.67 − .26 0.52 − .20 0.38 − .05 0.25 − .27 0.57 − .09 0.26 
Splenium CC − .30 0.74 − .23 0.46 − .07 0.25 .17 0.33 − .09 0.26 − .08 0.26 

Note. Inverse Bayes factors (BF10) supporting the H0 (i.e., < 0.33) are presented in boldface, while those supporting the H1 (i.e., > 3) are presented in boldface and 
underlined. SLF = superior longitudinal fasciculus, PLIC = posterior limb of internal capsule, DLPFC = dorsolateral prefrontal caudate, CC = corpus callosum, RT =
reaction time, SD = standard deviation, Aʹ = non-parametric index of sensitivity, Bʺ = non-parametric index of response bias, r = Pearson correlation, BF = Bayes 
Factor. 
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stronger evidence in favor of the H1 by the Bayesian analysis. 

4. Discussion 

The main goal of the present study was to provide further evidence to 
dissociate the structural brain connectivity underlying the functioning 
of the attentional networks in healthy adults. To this end, we offline 
correlated the performance scores of the classic attentional components 
and EV obtained across two experimental sessions with the ANTI-V task 
[40] with the microstructure connectivity of white matter tracts previ
ously associated with attentional performance [20–22,24,36]. It is 
important to highlight that the methodological procedure and statistical 
analyses conducted in the present study aimed at solving some critical 
limitations observed in previous research. First, we used a fine-grained 
behavioral paradigm that provides in a single session an independent 
measure of the classic attentional components and EV: the ANTI-V [40]. 
Furthermore, we reconstructed DWI data with the spherical deconvo
lutions approach [34,45,46], a methodology that is much sensitive for 
dissecting white matter tracts that are embedded in brain regions with 
crossing fibers, as the SLFs [21]. Thus, we computed the HMOA index for 
analyzing white matter connectivity, which is indeed a more appro
priate index for measuring the diffusion properties in white matter re
gions with a complex organization than the traditional FA index [34]. 
Lastly, we used two statistical analyses to interpret the outcomes: 
whereas Pearson correlations were computed to analyze the evidence 
supporting rejection of the null hypothesis (i.e., there is no correlation 
between performance scores and white matter connectivity), we also 
computed Bayesian correlations for analyzing the evidence gathered for 
supporting either the absence or the existence of a correlation. 

Importantly, the main effects and interactions for the classic atten
tional components and the EV indices [40,41], the test-retest reliability 
of performance scores [11,42], and the expected hemispheric laterali
zation (if any) of the targeted white matters tracts [21,22,58,59] were 
observed in the same vein as previous outcomes, therefore validating the 
present methods and the observed correlations between performance 
scores and white matter connectivity. Concerning the correlations be
tween HMOA indices and the attentional/vigilance performance, it is 
also important to note that some relative large Pearson correlations were 
however not observed at least by positive evidence in favor of the ex
istence of correlation by the Bayesian analysis (e.g., the RT phasic 
alertness score from no cue trials with the left DLPFC; although showing 
an unexpected positive correlation). Moreover, some non-significant 
correlations showed a BF10 between 1 and 3, thus suggesting only 
anecdotal evidence to the H1 (e.g., the RT orienting score with the right 
SLF III). Therefore, the actual existence of these non-significant corre
lations should be effectively determined either by collecting a larger 
sample size than the one used in the present study or by metanalytic 
evidence considering the different studies, to gather a much larger 
amount of evidence for those correlations [61]. 

However, beyond that potential limitation, taking into consideration 
those findings with at least positive evidence for the existence of cor
relation by the Bayesian analysis, we observed reliable outcomes that 
might be summarized as: (a) a higher HMOA index in the left cingulate 
fasciculus was associated with faster overall responses in attentional 
networks performance; (b) higher HMOA indices in the right DLPFC and 
the splenium of the CC were related to a reduced effect of phasic alert
ness (for the errors score); (c) higher HMOA indices in bilateral SLF I 
were associated with faster responses for the correct detection of infre
quent signals in EV performance; and (d) critically, no relevant corre
lations were observed for the overall of errors in the ANTI trials, the 
orienting scores, the executive control performance, and the signal- 
detection theory metrics computed for EV. 

It is interesting to note that two of the three scores that showed 
relevant correlations with white matter tracts connectivity were the 
overall RT for the attentional networks’ performance (i.e., ANTI trials) 
and the overall RT for the EV task, which are indeed the most reliable 

performance scores usually observed with the ANT, ANTI, or ANTI-V 
tasks [11,12,42]. Therefore, it might be reasonable to think that those 
performance scores that are more reliable and stable across experi
mental sessions are the ones that correlate with white matter micro
structural connectivity. In this vein, it has been proved that white matter 
connectivity is strongly related to long term stable changes, as matura
tion [62], training [63], or the structural damage linked to diseases as 
stroke, attention-deficit/hyperactivity disorder, schizophrenia, or mul
tiple sclerosis [27,29,64–66]. 

However, this reasoning does not seem to fit well with the strong and 
independent correlation observed between the HMOA indices of both 
the right DLPFC and the splenium of the CC with the phasic alertness 
score, which is indeed an attentional component classically interpreted 
as an attentional state rather than a stable trait [11]. To account for this 
latter outcome, nevertheless, we might contemplate at last two main 
considerations: (a) although phasic alertness refers to a short term 
process that shows moderate-to-low reliability in the present study and 
also in previous studies with the ANT [11] or ANTI-V [42], the phasic 
alertness scores (both for RT and errors) demonstrated both consider
able stability when it was assessed with the ANTI task across 10 
consecutive sessions and moderate-to-high split-half reliability (i.e., .70 
for the errors score) when it was computed considering the data of these 
10 sessions [12]; and (b) the right DLPFC and the splenium of the CC 
effectively connects brain regions underlying the alerting network cir
cuit, i.e., brain stem regions as the locus coeruleus along with prefrontal 
and parietal cortices [1,26]. Notwithstanding, although this finding 
might be quite relevant for disentangling the underlying white matter 
connectivity of the alerting network, we reckon that further research 
supporting this novel evidence is imperatively necessary. 

On the other hand, although we observed a relevant correlation 
between the bilateral SLF I connectivity and the overall mean RT for the 
EV task, consistent with previous evidence on the role of the SLF in 
sustained attention [36,67,68], the signal-detection theory metrics 
–which are indeed the most descriptive indices of EV as the ability to 
detect infrequent critical signals over long periods [69,70]– showed no 
correlations with white matter tracts connectivity, despite these indices 
showing larger reliability scores. To account for this inconsistent 
outcome, it might be relevant to take into account some limitations of 
the ANTI-V task on the assessment of EV. Although the signal-detection 
theory scores computed here and in previous research [42] showed high 
reliability, the EV task embedded in the ANTI-V task is indeed a signal 
detection task quite difficult to perform. Thus, the hits rate observed 
here (i.e., 46 % overall across sessions) is similar to the one observed in 
previous studies with the ANTI-V, wherein it was found between 45 % 
and 60 % as maximum [40,43,44,71–73]. Furthermore, and most 
importantly, the above-cited studies with the ANTI-V have not reported 
the decrement of performance across time-on-task, i.e., the typical 
phenomenon usually observed in vigilance tasks [74]. In this vein, when 
either the RT or signal-detection theory metrics of the present study are 
analyzed comparing the performance across time-on-task (i.e., by 
experimental blocks), the repeated-measures ANOVAs show indeed no 
significant shift across blocks (all Fs < 1.16, ps > .330). 

Future research aiming at examining the structural connectivity 
underlying the human attentional networks and especially vigilance 
processes might consider using the newest version of the ANT: the ANT 
for Interactions and Vigilance – executive and arousal components 
(ANTI-Vea) [75]. The ANTI-Vea is suitable to assess the independence 
and interactions of the classic attentional components as in the ANTI 
[41], but (at the same time), it provides an independent and direct 
measure of two vigilance components: (a) the EV, as the ability to detect 
infrequent critical signals; and (b) the arousal vigilance (AV), a 
component usually assessed in the Psychomotor Vigilance Test [76] as 
the capacity to sustain across time-on-task a fast reaction to stimuli from 
the environment without implementing much control [75]. Note that, 
importantly, the ANTI-Vea solves the above-mentioned issues of the 
ANTI-V task: (a) the EV task is easier to perform, as observed in the 
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overall hits rate of ~75 %; and (b) the task is suitable to observe the 
decrement across time-on-task for both the EV and AV components [75, 
77]. Thus, it might be expected that a behavioral task suitable to assess 
the vigilance decrement phenomenon, which is the behavioral pattern 
by definition of vigilance [74,78], could also be indeed more sensitive to 
reflect potential implications of white matter tracts connectivity un
derlying the attentional network system. 

Finally, we did not replicate previous findings supporting relevant 
associations between: (a) the orienting functioning and the splenium of 
the CC [20] and/or the SLF III [21,24]; (b) executive control processes 
and the left DLPFC [22]; and (c) the EV component and the left cingulate 
fasciculus [36] and/or the right DLPFC [22]. As above-mentioned, 
Bayesian analyses demonstrated that the evidence accumulated here 
was weak or anecdotal to support the existence of correlations between 
the RT score of orienting and the SLF III, and the left DLPFC and the RT 
score of executive control (although in this last case the potential cor
relation was unexpectedly positive). Furthermore, the correlations be
tween the splenium of the CC and RT score of orienting, and sensitivity 
with either the right DLPFC or the right cingulate, were observed as 
inconsistent evidence to support either the H0 or the H1. 

Nevertheless, to further account for this set of above-mentioned non- 
replicated outcomes, we might also consider some differences between 
the present study and the previous ones. Regarding the behavioral task, 
note that Niogi et al. [20] assessed the classic attentional components by 
using the ANT, which presents a different cueing paradigm for 
measuring phasic alertness and orienting than the ANTI [41] and the 
ANTI-V [40]. In particular, whereas in the ANT task the orienting cue is 
100 % predictive of the target location, therefore involving endogenous 
orienting, in the ANTI task the cue is completely unpredictive, thus 
rather involving exogenous orienting. Regarding the score computed for 
measuring white matter structural connectivity, it might be probable 
that some previous outcomes obtained by using the FA index, as those 
reported by Niogi et al. [20] and Chiang et al. [22], would not be suc
cessfully replicated by using the most sensitive HMOA index. Interest
ingly, note also that the control healthy participants from the study by 
Chiang et al. [22] were young participants between 7 and 18 years old, 
and so, it might be highly probable that some differences with those 
outcomes would be linked to maturation factors [62]. Nevertheless, 
beyond these interpretative considerations, we reckon that further evi
dence is critically necessary to disentangle these inconsistent outcomes. 

5. Conclusions 

To conclude, the present study aimed at examining and dissociating 
the white matter connectivity underlying the human attentional net
works in the healthy brain. We found consistent evidence concerning the 
right DLPFC and the splenium of the CC as associated with the alerting 
network. Regarding the expected role of the right SLF III in the orienting 
network and the left DLPFC tract in the executive control network, the 
evidence collected in the present study seemed to be weak for sup
porting these correlations, and no further relevant correlations were 
observed for neither orienting nor executive control. Besides, the signal- 
detection theory scores of EV –which are the most informative indices 
regarding the ability to detect infrequent signals over long time periods– 
were not associated in the present study with the right cingulate and 
right DLPFC, at difference with previously reported outcomes. However, 
interestingly, white matter connectivity seems to support performance 
reliability: whereas the left cingulate was associated with the mean 
overall RT of attentional networks performance, bilateral SLF I was 
associated with the overall RT of EV performance. Despite these 
consistent outcomes, we reckon that further evidence is critically 
necessary to support the discussions provided here, and most impor
tantly, to achieve a consensus regarding the structural connectivity 
underlying human attentional networks. 
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