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Abstract 

Intrinsic brain dynamics may play an important role in explaining inter-individual variability in 

executive functions. In the present electroencephalography (EEG) study, we focused on the brain 

lateralization patterns predicting performance on three different monitoring tasks of temporal, 

verbal and spatial nature. These tasks were administered to healthy young participants after their 

EEG was recorded during a resting state session. Behavioral indices of monitoring efficiency were 

computed for each task and a source-based spectral analysis was performed on participants' resting-

state EEG activity. A lateralization index was then computed for each of 75 homologous cortical 

regions as the right-left difference score for the log-transformed power ratio between beta and alpha 

frequencies. Finally, skipped Pearson correlations between the lateralization index in each cortical 

region and behavioral performance of the three monitoring tasks were computed. An intersection 

among the three tasks showed that right-lateralization in different prefrontal regions, including the 

middle frontal gyrus, was positively correlated with monitoring abilities across the three tasks. In 

conclusion, right-lateralized brain mechanisms set the stage for the ability to monitor for targets in the 

environment, independently of the specific task characteristics. These mechanisms are grounded in 

hemispheric asymmetry dynamics already observable at rest. 

 

Keywords: resting-state EEG, hemispheric asymmetries, prefrontal cortex, temporal preparation, 

monitoring, foreperiod effect  
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1. Introduction 

The environment in which we live is crowded with all sorts of stimuli, among which we should be 

able to detect those that are critical to our daily activities and goals. One of the most important tasks 

faced by our brain is, thus, to check for the occurrence of such stimuli by evaluating their conditional 

probabilities and likely timing of occurrence. Moreover, in order to control and optimize our behavior 

effectively, our brain also evaluates the relative status of these stimuli in relation to each other and, 

most importantly, with respect to our intended plans and goals. These cognitive abilities collectively 

go under the name of monitoring.  

Monitoring has been conceptualized as a set of “quality-check” processes that allow 

individuals to optimize performance. For example, monitoring is required when we evaluate the 

progress of our actual weight loss toward an ideal planned weight (e.g., Benn et al., 2014), when we 

search for a red flag surrounded by other colored flags to locate our meeting point (e.g., Visalli & 

Vallesi, 2018; Vallesi, 2014), or when we predict the timing at which the yellow traffic light will turn 

red (e.g., Nobre et al., 2007; Vallesi et al., 2013). These real-life examples show that monitoring 

abilities may be operationalized in laboratory settings either as sustained processes operating 

throughout the trial or as more transient processes that act on each individually presented item 

(e.g., Braver et al., 2003; Tarantino et al., 2017).  

The variable foreperiod task is a widely used experimental paradigm to investigating sustained 

monitoring processes. In such a task, participants respond to the onset of a target appearing with 

the same a priori probability after variable foreperiod durations (i.e., time interval between warning 

and target stimuli). Participants are usually faster in responding to targets appearing after longer 

foreperiods compared to shorter ones, provided that  foreperiods are varied randomly and 

equiprobably (i.e., “the variable foreperiod effect”; see Capizzi & Correa, 2018; Coull, 2009; Niemi & 

Näätänen, 1981; Vallesi, 2010, for reviews). Indeed, supposing that there are only two possible 
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foreperiods, once the short foreperiod has passed by, the probability that the target will occur at the 

long foreperiod is equal to 100%. Implicitly monitoring the conditional probabilities of target onset 

during the trial will, thus, foster better performance at the long foreperiod (e.g., Steinborn & 

Langner, 2012; Vallesi & Shallice, 2007). Accordingly, the monitoring ability may be operationalized 

as the Response Time (RT) difference between short and long foreperiod trials.  

An example of transient monitoring can be found in Capizzi and colleagues (Capizzi et al., 

2016). They asked participants to monitor whether a 3-dimensional word contained a certain 

consonant or displayed a specific spatial configuration. The nature of these monitoring tasks hence 

required a more transient event-related activity in order to check whether each word had a target 

status or not. As a baseline (non-monitoring) condition, in separate block of trials participants 

classified the words without extra monitoring requirements. Therefore, monitoring in these target-

checking tasks may be operationalized as the RT difference between trials in monitoring blocks and 

trials in non-monitoring blocks. We will turn back to these behavioral indices in the Method section.  

Despite the monitoring processes assessed by foreperiod and target-checking paradigms 

have different temporal profiles (i.e., sustained vs. transient), they all have been related to the 

activity of the right prefrontal cortex (PFC) and associated neural networks (e.g., Capizzi et al., 

2016; Coull et al., 2000; Vallesi et al., 2009). Converging evidence from both neuropsychology 

and functional magnetic resonance imaging (fMRI) further strengthens the hypothesis that 

monitoring processes are (mainly) right-lateralized in the PFC (see Vallesi, 2012, for an overview). 

This right hemispheric specialization is believed to also be independent of the specific (possibly 

also lateralized) task domains employed, such as the spatial and verbal ones (Capizzi et al., 2016), 

or the verbal episodic memory retrieval and perceptual decision making (Fleck et al., 2006).  

In the present study, we went a step further by investigating whether intrinsic (i.e., resting-

state-related) right-lateralized brain dynamics may also contribute explaining inter-individual 
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variability in monitoring, independently of both the specific task cognitive domain and temporal 

characteristics of the involved monitoring processes. Our starting point was the mounting body of 

evidence from neuroimaging studies showing that the pattern of spontaneous fluctuations in 

cerebral activity can explain task-evoked brain responses and behavioral performance in several task 

domains, such as working memory (Zou et al., 2013; see also van Dam et al., 2015), object color 

knowledge (Wang et al., 2013), interference resistance (Coste et al., 2011), attention (Xu et al., 2014; 

Fryer et al., 2015), unsupervised learning (Wong et al., 2014), word reading (Xu et al., 2015), and 

verbal fluency (Yin wet al., 2015). Along the same lines, Ambrosini and Vallesi (2016, 2017) recently 

showed that differences in resting-state brain dynamics, as assessed by source-based EEG spectral 

analysis and related hemispheric asymmetries, partly explained individual differences in criterion-

setting, an executive function reflecting the ability to flexibly set up and select task rules. This 

function requires the causal involvement of the left prefrontal cortex (Jahanshahi et al., 1998; 

Shallice et al., 2007, 2008; Stuss, 2011; Stuss and Alexander, 2007; Vallesi, 2012). As behavioral 

indices of criterion-setting, both switching costs (Ambrosini & Vallesi, 2016) and Stroop effects 

(Ambrosini & Vallesi, 2017) were calculated in two separate studies. Overall, the results showed that 

participants with left-lateralized intrinsic brain activity were more able to rapidly switch between 

different tasks and to resolve Stroop interference. Given that such findings were found using both 

verbal and non-verbal tasks, it was then concluded that the observed left hemispheric asymmetries 

were driven by the criterion-setting process and not by the specifics of the to be performed tasks.  

To sum up, spontaneous brain dynamics may provide a prior for task-related activity, intended 

as a functional bias, or even “the entire set of individual inner cortical and cognitive biases” 

(Harmelech & Malach, 2013, p. 607; see also Fiser et al., 2010; Sadaghiani & Kleinschmidt, 2013). 

Following this line of reasoning, and considering the important role played by the right (prefrontal 

nodes of the) fronto-parietal brain network in mediating monitoring processes, here we asked 
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whether participants with stronger right-lateralized intrinsic brain activity would be those better 

able to accomplish the monitoring task requirements. To do this, we related the above-mentioned 

behavioral indices obtained in the foreperiod, verbal and spatial target-checking tasks to 

lateralized electroencephalographic (EEG) brain activity at rest. As a measure of brain dynamics 

at rest, we used the ratio between the power in beta and alpha frequency bands. Such an index was 

preferred over other measures since it has been shown to reflect intrinsic electrophysiological 

dynamics related to increased attentional investment and cortical engagement in information 

processing (Laufs et al., 2006), which is of particular importance to our aim (see the “Resting State 

EEG Recording and Analysis” section for futher details). Moreover, the implementation of the same 

β/α ratio measure as that used in our previous two studies (Ambrosini & Vallesi, 2016, 2017) allowed 

us to make a more direct comparison between our prior (left-lateralized) criterion-setting results 

and the present (plausible right-lateralized) monitoring ones. 

 

2. Materials and Methods 

2.1. Participants 

Fifty-six university students participated in the experiment after providing informed consent. 

These participants were the same as in our previous studies (Ambrosini & Vallesi, 2016, 2017). Two 

participants were however excluded from the analysis because of low accuracy (≤ 50%) in the Target 

condition of the verbal (one participant) and spatial (one participant) monitoring tasks (see “Verbal 

and spatial event-related monitoring tasks” section). All participants reported no history of 

neurological or psychiatric disorders, had normal color vision and normal or corrected-to-normal 

visual acuity, and were right-handed according to the Edinburgh Handedness Inventory (Oldfield, 

1971) with an average score of 80.3 (SD = 16.5). All of them signed a written informed consent before 

the experiment and were reimbursed for their time. The study was approved by the Bioethical 
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Committee of the Azienda Ospedaliera di Padova and was conducted according to the guidelines of 

the Declaration of Helsinki (World Medical Association, 2013). 

2.2. Behavioral Tasks 

For all our tasks, stimulus presentation and data recording were controlled by E-prime 2 

software (Schneider et al., 2002). Figure 1 summarizes our monitoring tasks.  

 

----Insert Figure 1 about here---- 

 

2.2.1. Foreperiod task 

The Foreperiod (FP) dual-task paradigm was adapted from Vallesi and colleagues (2014). A first 

block of pure FP trials (4 practice trials and 30 test trials) was used to calculate the FP effect without 

dual-task demands. During this first block, each trial started with the presentation of a yellow ‘XX’ 

symbol, which was displayed in the center of the screen simultaneously with an auditory warning 

signal (1500 Hz pure tone). The warning signal was played for 50 ms via laptop internal speakers at 

a sound intensity level comfortable for all the participants. The ‘XX’ symbol was then replaced by the 

target (a downward-pointing white arrow, with the maximum length and width of 2 cm) at a variable 

foreperiod of either 3000 or 5000 ms. Participants had to respond to the target by pressing the 

spacebar as quickly as possible. Following the response to the target, or after 2000 ms in case of a 

missed response, the next trial began.  A second block of FP trials under dual-task condition (4 

practice trials and 60 test trials) was then administered, but the data from this block were discarded 

from the present analyses, as they were not relevant for our hypotheses.  

2.2.2. Verbal and spatial event-related monitoring tasks 

The procedure and the monitoring task are the same as in our previous study (Capizzi et al., 

2016). Briefly, stimulus material consisted of 3-dimensional visually presented words that could be 
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categorized within verbal or spatial contexts. The verbal context comprised two subtasks that had 

to be performed one at a time. In the “gender” subtask, participants discriminated between female 

and male names, whereas in the “name” subtask the choice regarded the proper or common name 

status of the word. In the spatial context, participants had to categorize the words according to their 

“roll” (i.e., clockwise vs. counterclockwise) or “pitch” (i.e., upward vs. downward) rotation. The word 

colors changed randomly between green and brown in every trial, although this color-change was 

task-irrelevant and introduced only to match this low-level feature of the present task with that of 

the task-switching paradigm (see Ambrosini & Vallesi, 2017). Verbal and spatial task sessions were 

blocked and administered in a counterbalanced order across participants, as was counterbalanced 

the assignment of categories to response keys (i.e., the “f” key and the “k” key on the computer 

keyboard).  

For both verbal and spatial tasks, trials comprised 2000 ms of word presentation and 1800 ms 

of inter-trial interval. A total of 2 non-monitoring blocks, each comprising 32 trials, and 2 monitoring 

blocks, each comprising 32 trials of which 4 or 5 were target trials, were presented for both the 

verbal and the spatial sessions. In the verbal monitoring blocks, participants had to monitor whether 

the word contained the consonant “v”. Whenever this happened, they had to refrain from 

implementing the gender or name subtask rules and press the spacebar with the thumb of their 

right hand. In the spatial monitoring blocks, the task was to monitor for the word rotated to 45° in 

either a clockwise or counterclockwise direction, with similar task requirements as for the verbal 

version.  

The experimental blocks were preceded by a short practice session that allowed participants 

to familiarize themselves with the appropriate task stimulus-response mappings. Both the gender 

and the name subtasks (for the verbal domain) and the roll and the pitch ones (for the spatial 
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domain) were collapsed in order to increase the signal-to-noise ratio of EEG data. Moreover, the 

infrequent target trials were discarded from all the analyses.  

2.3. Behavioral Data Analysis 

Error trials, anticipations (RTs < 100 ms), and trials with missed responses were discarded from 

the analyses (1.79%, 3.80%, and 5.93% for the FP, verbal, and spatial monitoring tasks, respectively). 

The RTs were log transformed (natural base) to improve normality. Moreover, in order to obtain 

central tendency measures that were as robust as possible against the influence of outliers, a robust 

M-estimator of location (robust mean RTs; for details, see Ambrosini & Vallesi, 2016; see also 

Rousseeuw & Verboven, 2002) was computed for each participant and condition separately using 

the LIBRA MATLAB library (Verboven & Hubert, 2005, 2010). After these transformations, the 

variables showed acceptable skewness and kurtosis (all < |.63|).  

The FP effect was calculated as the difference between the robust mean RTs of short and long 

FP conditions. This index represents the participants’ temporal monitoring ability, that is, their ability 

to optimize response preparation by monitoring the time-dependent changes in the conditional 

probability of stimulus occurrence during the foreperiod. The monitoring effects for the verbal and 

spatial tasks were computed as the difference between the robust mean RTs from the non-

monitoring block and that from non-target trials of the monitoring blocks. These indices represent 

the performance cost (i.e., a lengthening of RTs) in performing the verbal and spatial tasks, which 

was caused by the monitoring processes occurring on a trial-by-trial basis to check for target 

presence. As such, these monitoring effects quantify a monitoring-dependent cost in performance, 

rather than an advantage as in the case of the temporal monitoring effect described above for the 

FP task. For this reason, the verbal and spatial monitoring effects were inverted so that all the three 

effects represented monitoring ability rather than a monitoring deficit.  
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The statistical significance of the three monitoring effects was assessed by means of one-

sample t-tests against zero. The Cohen’s d was used as the measure of the effect size (Cohen, 1977). 

The monitoring effects were z-transformed before proceeding to the EEG spectral power-behavior 

correlation analyses to allow comparison of the results across different cognitive domains. 

 

2.4. Resting State EEG Recording and Analysis 

A single 5-min eye-closed resting state EEG (rsEEG) session was recorded with a 64-channels 

system (BrainProducts, Munich, Germany; sampling rate = 500 Hz; online band-pass filter = .1-100 

Hz; impedances < 10 kΩ). Electrooculographic activity was also recorded with an electrode placed 

under the left eye. The electrodes located at FCz and AFz served as the online reference and ground, 

respectively.  

Offline rsEEG processing and analyses, distributed source imaging, and spectral power analysis 

of the estimated cortical sources activity were performed as detailed in Ambrosini and Vallesi (2017). 

We performed source analyses to derive our laterality indices as the effects might not be generalized 

to scalp-based laterality measures (Gordon et al., 2017). We shall briefly describe these procedures 

in what follows. 

The offline EEG preprocessing was performed by using custom MATLAB (The MathWorks, Inc, 

Natick, Massachusetts, USA) scripts based on functions from the EEGLAB environment (version 

12.0.2b; Delorme and Makeig, 2004). After band-pass filtering (.5-45 Hz) of continuous EEG data, we 

performed an automatic channel rejection procedure and confirmed its outcome by visual 

inspection. Mastoid channels (TP9 and TP10) were excluded from the analyses due to excessive 

noise and other rejected channels were interpolated using spherical splines (Perrin et al., 1989). 

Then, EEG data were segmented into 2048-ms epochs, re-referenced to the common average 

reference, and submitted to an automatic epoch rejection procedure based on extreme values, 
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linear trend, improbability, kurtosis, and spectral profile tests (Delorme, Sejnowski, & Makeig, 2007; 

for details, see Ambrosini & Vallesi, 2016).  

Next, the source imaging of the artifact-free rsEEG epochs was performed with Brainstorm 

(Tadel et al., 2011) using a 15002-dipoles distributed source model (Colin27, derived from the 

standard 1 mm resolution brain of the Montreal Neurological Institute), a forward model generated 

with OpenMEEG using a three-layer symmetric boundary element method (Gramfort et al., 2010; 

Kybic et al., 2005), and a depth-weighted minimum-norm estimation algorithm (Baillet et al., 2001). 

The cortical surface was parcellated into 150 anatomical regions derived from a modified version of 

the Destrieux atlas (Destrieux et al., 2010), which ensured a more homogeneous covering of the 

cortical surface with a smaller across-regions variability in number of vertices as compared to the 

original atlas (Ambrosini & Vallesi, 2016). 

We then computed the power spectral densities (PSDs) of the electrical activity of the 15002 

sources using the EEGLAB (Delorme & Makeig, 2004) spectopo function (frequency range = 1-45 Hz; 

resolution = .25 Hz) and averaged the obtained PSDs over the vertices composing each region. Finally, 

hemispheric asymmetry in intrinsic brain dynamics for each pair of regions was operationalized by 

computing the β/α hemispheric asymmetry score (β/α_HAS), that is, the right-left difference in the log-

transformed ratio between power in β (12.5-24 Hz) and α (7.5-12.5 Hz) bands. We chose to use the β/α 

ratio, instead of the relative power in a specific frequency band, because the latter approach can 

overlook the complexity of the EEG spectrum structure as well as the fact that particular neural 

processes may be reflected in several frequency bands concurrently. In general, to date there is a 

consensus that the activity in distinct brain networks may correlate with the power in multiple frequency 

bands and, conversely, distinct frequency bands may correlate with multiple fMRI networks (e.g., 

Mantini et al., 2007; see also Laufs, 2008).Moreover, previous studies using combined electrical (i.e., 

EEG-derived) and hemodynamic (i.e., BOLD) measurements of brain activity suggested that changes 
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in BOLD are associated with changes in the spectral profile of neuronal activity that do not arise from 

one specific frequency band but rather from the relative power between high and low frequencies, 

with an overall shift in the frequency center toward higher frequencies (Kilner et al., 2005; Rosa et al., 

2010) and, thus, an increase in β/α. The β/α ratio would thus represent a better quantitative measure 

of intrinsic (i.e., resting-state-related) brain activity as compared to the power in specific frequency 

bands (for a detailed discussion, see Ambrosini & Vallesi, 2016). More importantly, the β/α ratio would 

better reflect resting-state-related attentional investment and neural engagement in information 

processing, with a high-arousal state and an “attentional” parieto-frontal pattern of fMRI activations 

(Laufs et al., 2006; Ota et al., 1996). 

We also performed additional control analyses to assess the functional specificity of the 

β/α_HAS measure. To this aim, we investigated the relation between participants’ monitoring ability 

and two other rsEEG asymmetry scores we investigated in our previous studies (Ambrosini & Vallesi, 

2016; 2017), that is, the β/θ_HAS and γ/α_HAS. These measures were computed as done for the 

β/α_HAS (see above) as the right–left difference in the ratio between power in beta and theta (θ, 4–

7.5 Hz) bands and that between power in gamma (γ, 24–45 Hz) and alpha frequency bands, 

respectively. Finally, to facilitate the functional interpretation of the β/α_HAS results and investigate 

whether they could have been driven by single frequency bands, we also investigated the power-

behavior correlations in the right–left hemispheric asymmetry score in the relative power in the α 

and β frequency bands (α_HAS and β_HAS, respectively). 

2.5. Inferential Statistics  

We performed a series of robust correlation analyses (i.e., skipped Pearson correlations, 

Wilcox, 2004) between the β/α_HAS values for each region, on the one side, and the temporal, 

verbal and spatial z-transformed monitoring effects, on the other side. We chose to use robust 

correlations instead of regular ones because they ensure an accurate control of the false positive 
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rate and provide an adequate estimate of the true correlation in the data without substantial losses 

of power when data contain outliers, especially bivariate ones (Ambrosini & Vallesi, 2017). Statistical 

significance testing for the predicted positive correlations between β/α_HAS and monitoring ability 

measures was conducted using the bootstrap test (2000 resamples; one-sided 95% confidence 

intervals: B-CI95%), which is more robust against heteroscedasticity as compared to traditional t-tests 

(Pernet et al., 2012).  

Moreover, since our aim was to test whether the hemispheric asymmetry in intrinsic brain 

dynamics was positively related to monitoring ability regardless of the cognitive domain, we 

performed an intersection analysis to identify the regions for which significant skipped correlations 

were found between the β/α_HAS and all the three monitoring ability measures. This also helped us 

to better control the inflation of Type-I error rate due to multiple comparisons. The results of the 

intersection analysis were corrected for multiple comparisons by controlling for the Family-wise 

error (FWE) rate using Monte Carlo simulations based on the inter-correlation structure of our 

behavioral and electrophysiological data. Similar intersection analyses were performed for the 

control analyses on the skipped correlations between the other spectral measures and the three 

monitoring ability measures.  

We also compared the three monitoring ability measures and computed the skipped 

correlations between them to assess the similarity between the participants’ monitoring ability 

across cognitive domains. Moreover, to evaluate the relationship between the participants’ 

monitoring ability investigated here and their criterion-setting and monitoring abilities investigated 

in our previous individual difference companion studies, we also computed the skipped correlations 

between, on the one side, the three monitoring ability measures used here and, on the other side, 

both the general mixing costs assessing monitoring ability (Ambrosini & Vallesi, 2016) and the 
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general switching costs and the verbal and spatial Stroop effects assessing criterion-setting ability 

(Ambrosini & Vallesi, 2016; 2017). 

Finally, in order to clarify the functional meaning of the power-behavior correlations reported 

here for the mMFG cortical region and to investigate whether there is some underlying asymmetric 

process that is related to both criterion-setting and monitoring processes, we performed a 

differential correlation analysis by comparing, on the one side, the correlations between the 

β/α_HAS and all the three monitoring ability measures reported here and, on the other side, i) the 

correlation between the β/α_HAS and the general mixing costs assessing monitoring ability and ii) 

the general switching costs assessing criterion-setting ability, which we reported in our first 

companion paper (Ambrosini & Vallesi, 2016), as well as iii) the correlation between the β/α_HAS 

and the spatial and verbal Stroop effects assessing criterion-setting ability, which we reported in our 

second companion paper (Ambrosini & Vallesi, 2017). In the first two cases, we performed the Zou’s 

confidence interval and the Steiger’s z tests for comparing dependent, non-overlapping correlations 

while accounting for the pattern of inter-correlations between all the variables entered into the 

analysis, as the β/α_HAS measure was computed with a slightly different approach in our first 

companion paper (Ambrosini & Vallesi, 2016); in the third case, we used the same tests for 

comparing dependent, overlapping correlations while accounting for the correlation between the 

behavioral measures, as the β/α_HAS measure was computed with the same approach used here 

(Ambrosini & Vallesi, 2017). In all cases, a casewise deletion of missing/outlier data was employed. 

Bootstrap-based p values were corrected for multiple comparisons using the false discovery rate 

method at a .05 level (Benjamini and Hochberg, 1995) 
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3. Results 

3.1. Behavioral Results 

The behavioral analysis for the foreperiod task revealed a significant temporal monitoring 

effect (M = .146, SD = .082, t(53) = 13.03, p < 10-17, d = 1.77; see Figure 2), with longer RTs for the 

short FP condition as compared to the long one (respectively, M = 5.80 and 5.66, SD = .14 and .15). 

This temporal monitoring effect was exhibited by all the participants with a substantial inter-

individual variability (see Figure 2). 

 

----Insert Figure 2 about here---- 

 

The behavioral analysis for the verbal and spatial event-related monitoring tasks revealed 

significant monitoring effects in both tasks (respectively, M = .131 and .274, SD = .111 and .124, t(53) 

= 8.67 and 16.27, p < 10-11 and 10-21, d = 1.18 and 2.21; see Figure 2), with longer RTs for the 

monitoring condition (respectively, M = 6.70 and 6.78, SD = .16 and .18) as compared to the non-

monitoring one (respectively, M = 6.56 and 6.51, SD = .15 and .16). These monitoring effects were 

exhibited by the vast majority of participants (respectively, 53/54 and 47/54 for the verbal and 

spatial task) with a substantial inter-individual variability that was similar between the two tasks 

(F(53,53) = 1.23, p = .449, F test for equality of variances) and higher as compared to that observed for 

the temporal monitoring task (respectively, F(53,53) = 1.84 and 2.27, p = .028 and .003) (see Figure 2).  

The spatial monitoring effect was significantly higher than both the verbal (t(53) = 7.104, p > 10-

8, d = .967) and the temporal (t(53) = 6.406, p > 10-7, d = .872) ones, which did not differ between each 

other (t(53) =.895, p =.375, d = .122). Finally, while there was a significant correlation between the 

verbal and spatial monitoring effects (skipped r = .385, B-CI95% = [.127, .614]), these effects were not 

correlated to the temporal monitoring one (respectively, skipped r = .137 and .017, B-CI95% = [-.124, 
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.398] and [-.281, .389]), thus suggesting the existence not only of domain independence, but also of 

some degree of domain specificity in monitoring processes. 

The verbal and the spatial monitoring effects were significantly correlated to the general 

mixing costs (respectively, skipped r = .378 and .365, B-CI95% = [.135, .573] and [.134, .556]), but the 

same was not true for the temporal monitoring effect (skipped r = -.1813, B-CI95% = [-.463, .124]). 

The spatial monitoring effect also showed a significant negative correlation with the general 

switching cost (skipped r = -.408, B-CI95% = [-.592, .191]). None of the other correlations was 

significant (all uncorrected ps > .084). These results indicate the existence of some degree of 

association between the different cognitive control processes supposed to be mediated by the 

monitoring executive function; they also suggest the independence between these monitoring-

related processes and those supposed to be mediated by the criterion-setting executive function 

(i.e., those assessed by the switching and Stroop effects). 

3.2. Power-Behavior Correlations 

A number of regions showed significant correlation between β/α_HAS and each of the three 

measures of monitoring ability, as detailed in Table 1 (see also Figure 3). Many of these regions were not 

overlapping across the three measures. This again indicates that some degree of domain specificity 

mediates the relationship between participants’ hemispheric asymmetry in intrinsic electrophysiological 

activity and their differences in monitoring abilities. However, here we specifically aimed to identify the 

cortical regions where the rsEEG power-behavior correlation was significant regardless of the cognitive 

domain and specific characteristics of the tasks employed. Therefore, domain-specific effects fall beyond 

the scope of this study and will not be discussed further. 

 

----Insert Table 1 about here---- 

----Insert Figure 3 about here---- 
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The results of the subsequent intersection analysis revealed that five cortical regions showed 

a right lateralization of intrinsic brain dynamics that was significantly related to each and every 

measure of monitoring ability (see Table 2 and Figure 3). Interestingly, one of these was the middle 

portion of the middle frontal gyrus (mMFG). This was the same prefrontal ROI whose hemispheric 

asymmetry in rsEEG spectral activity was found to be significantly and oppositely related to 

behavioral measures of phasic cognitive control abilities related to criterion-setting processes and, 

importantly, a behavioral measure of cognitive control ability related to monitoring processes 

(Ambrosini & Vallesi, 2016; 2017). The intersection analysis also revealed two other prefrontal regions, 

one located ventrally to the mMFG, that is, the inferior frontal sulcus (IFS), and the more rostral 

prefrontal cortex (anterior prefrontal cortex, aPFC), albeit the results for this latter region did not survive 

the correction for multiple comparisons. The two remaining regions were located in the medial wall of 

the brain, the dorsal anterior cingulate cortex (dACC) in the frontal lobe, and the posterior cingulate 

(marginal) sulcus (pCingS) in the parietal lobe. For all these regions, participants with a right-lateralized 

rsEEG spectral activity (i.e., showing higher β/α power in the right than left hemisphere) had 

significantly better monitoring abilities regardless of the cognitive domain and task characteristics 

(Figure 3), that is, they were more able to exert cognitive control to monitor for relevant information 

so to optimize their behavior. 

 

----Insert Table 2 about here---- 

 

We also performed a differential correlation analysis in order to clarify the functional meaning 

of the power-behavior correlations reported here for the mMFG. This analysis revealed that the 

relationship between monitoring ability and right hemisphere asymmetry in mMFG intrinsic spectral 

activity reported in the present study was not statistically different from the one observed in our 
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previous study for the monitoring-related general mixing costs (Ambrosini & Vallesi, 2017), as none 

of the tests comparing these correlation was statistically significant (verbal monitoring: z = .796, p = 

.426, CI = [-.159, .375]; spatial monitoring: z = .718, p = .472, CI = [-.200, .429]; temporal monitoring: 

z = .253, p = .800, CI = [-.438, .339]). On the contrary, the differential correlation analysis revealed 

that the hemispheric asymmetry in mMFG intrinsic spectral activity reported in the present study 

was significantly correlated in an opposite way to the monitoring-related behavioral measures 

reported here and the criterion-setting-related behavioral measures reported in our previous 

studies (Ambrosini & Vallesi, 2016; 2017). Indeed, the participants' mMFG β/α_HAS values were 

positively correlated with their monitoring ability scores and negatively correlated with the 

behavioral scores assessing both their general switching ability (for the verbal, spatial, and temporal 

monitoring scores, respectively, z = 3.614, 3.249, and 2.584; p = .0003, .001, and .010; CI = [.300, 1], 

[.238, 1], and [.119, .898]) and their verbal (respectively, z = 2.705, 2.526, and 2.146; p = .003, .006, 

and .016; CI = [.174, .958], [.133, .929], and [.046, .870]) and spatial (respectively, z = 3.391, 3.348, 

and 2.912; p = .0003, .0004, and .002; CI = [.305, 1], [.324, 1], and [.215, .969])) Stroop interference 

resistance ability, which all are supposed to be mediated by the criterion-setting executive function 

(Ambrosini et al., 2019).  

These results thus indicate the existence of a bivalent association between the β/α_HAS at 

rest in the mMFG and both the monitoring and criterion-setting control processes: Participants with 

a more right-lateralized intrinsic brain activity in the mMFG had better monitoring-related control 

abilities, whereas participants with a more left-lateralized intrinsic brain activity in the same PFC 

region had better criterion-setting-related control abilities.  

As regards the intersection analyses on the other spectral measures, none of them showed 

significant domain-independent power–behavior correlations in any cortical region after controlling 

for Type-I error inflation due to multiple comparisons. Indeed, only two cortical regions (including 
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the mMFG) were significant at the intersection analysis, showing significant correlations between all of 

the three monitoring ability scores and one of the spectral measures, the β_HAS. However, these results 

did not survive the correction for multiple comparisons. 

 

4. Discussion 

Two previous individual difference companion studies on the relationship between executive 

functions and resting-state electrophysiological brain dynamics have shown that the huge inter-

individual difference in participants’ performance can be explained, at least in part, by inter-

individual differences in the lateralization of intrinsic PFC spectral activity. Specifically, participants 

with a more left-lateralized resting-state activity in PFC, as indexed by the asymmetry in β/α power 

ratio, have better criterion-setting abilities, as indexed by reduced switching costs and Stroop effects 

(Ambrosini & Vallesi, 2016; 2017). Here, we complemented these findings by testing whether the 

monitoring function is instead more related to the right lateralization of intrinsic brain dynamics. 

This reverse pattern of lateralization would be indeed in line with what suggested by the ROtman-

Baycrest Battery to Investigate Attention (ROBBIA) model (see Shallice & Cipolotti, 2018; Stuss, 2011; 

Stuss & Alexander, 2007; Vallesi, 2012, for reviews), which proposes a left and right hemispheric 

specialization of prefrontal cortex and related neural circuits for, respectively, criterion-setting and 

monitoring cognitive control processes. To test this prediction, we capitalized on the same approach 

as in Ambrosini & Vallesi (2016; 2017) by calculating the right-left hemispheric asymmetry score for 

the β/α power ratio as a measure of the participants’ lateralized brain dynamics at rest. Given that 

we were interested in the domain-general nature of monitoring, three different cognitive domains 

(temporal, verbal and spatial) were used here, but only the results from the intersection analyses 

highlighting the commonalities between the three tasks will be discussed. Such analyses showed 

that enhanced monitoring abilities were, indeed, significantly associated with more right-lateralized 
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β/α power ratio in different PFC regions, including the mMFG and the adjacent IFS, as well as in a 

dorso-medial region of the parietal lobe.  

Regarding the involvement of the mMFG, the same area was previously found to show a 

significant power-behavior correlation for the criterion-setting performance, but with an opposite 

direction of lateralization, as already mentioned above (i.e., smaller switching costs and Stroop 

effects associated with higher β/α power in the left mMFG; Ambrosini & Vallesi, 2016; 2017). Our 

differential correlation analysis indeed confirmed that there is a significant bivalent association 

between the β/α_HAS at rest in the mMFG and both the monitoring and criterion-setting control 

processes. More interestingly, the right lateralization of intrinsic brain activity in the very same PFC 

area was associated with better participants’ ability to exert sustained cognitive control (i.e., smaller 

mixing costs; Ambrosini & Vallesi, 2016), an executive process that is thought to be also related to 

monitoring functioning (Vallesi, 2012). In a task-switching paradigm, indeed, mixing costs refer to 

the performance difference between the repeat trials from the mixed block and the (all) repeat trials 

from the single-task block. They are generally thought to reflect the operation of continuous 

processes in charge of maintaining and managing multiple task-sets active throughout the mixed 

block (Braver et al., 2003; Rubin & Meiran, 2005; Tarantino, Mazzonetto, & Vallesi, 2016). As such, 

mixing costs would be a proxy of the (dys-)functioning of sustained monitoring processes. Again, our 

differential correlation analysis suggested that the power-behavior correlations between the 

β/α_HAS at rest in the mMFG and different behavioral measures of monitoring ability are not 

statistically different. Taken together, these findings indicate that the lateralization of the intrinsic 

PFC spectral activity is differentially related to both criterion-setting and monitoring functions, in 

line with the hypothesis of a left–right prefrontal hemispheric specialization for these functions 

(Shallice & Cipolotti, 2018; Stuss & Alexander, 2007; also see Fleck et al., 2006; Reverberi et al., 

2005). It is important to note that our behavioral results suggested the independence between 
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behavioral measures of monitoring and criterion-setting abilities, in line with recent confirmatory 

factor analysis evidence indicating that they are distinct, unrelated executive functions (Ambrosini 

et al., 2019). 

The present findings support our hypothesis that inter-individual differences in intrinsic 

prefrontal spectral activity would reflect a stable individual trait denoting a relative propensity or 

aptitude in engaging a distinct brain network and the related executive function, a factor that would 

account for the heterogeneity in executive performance. Specifically, individuals with stronger left-

lateralized PFC β/α at rest might preferentially engage the left (prefrontal nodes of the) fronto-

parietal brain network mediating criterion-setting processes, whereas those with stronger right-

lateralized PFC β/α at rest might preferentially engage the right (prefrontal nodes of the) fronto-

parietal brain network mediating monitoring processes. The functional role of the hemispheric 

lateralization in the intrinsic PFC spectral profile would thus be to provide endogenous constraints, 

or priors, to task-related activity in specific neural networks mediating cognitive processes required 

by specific tasks (cf. Spadone et al., 2015; Raichle, 2011). Supporting this idea, it has been shown 

that inter-individual variability in resting state BOLD fluctuations may explain variability in both 

evoked BOLD fluctuations in task-related cortical regions and behavioral performance in executive 

function tasks (e.g., Mennes et al., 2011; Xu et al., 2014; Zou et al., 2013). Of great importance for 

our proposal of the functional meaning of our results, it has also been shown that left and right 

frontoparietal networks are indeed two distinct resting-state networks (Damoiseaux et al., 2006; 

Meyer et al., 2013) that reflect specific lateralized, task-related networks (Smith et al., 2009). 

Moreover, another study (Mantini et al., 2013) showed that they are evolutionary novel (i.e., human-

specific), suggesting their role in mediating the higher-order cognitive control abilities acquired 

during evolution that characterize human behavior (Duncan et al., 2000; Dehaene et al., 2003). 
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The PFC areas showing a relationship between right-lateralization and general monitoring 

performance, which included the dorso- and ventro-lateral PFC, have also been reported to mediate 

monitoring processes by a number of fMRI studies involving different cognitive domains with 

heterogeneous task requirements. For instance, increased activation in right PFC regions matching 

our lateral PFC regions has been found when participants had to monitor regular predictable spatial 

trajectories compared to random irregular ones (Vallesi & Crescentini, 2011), presence of non-

salient target with respect to a salient target that popped out in a bottom-up fashion during a visual 

search task (Vallesi, 2014), goal progress across numerical and visuospatial modalities (Benn et al., 

2014), temporal conditional probabilities (Coull et al., 2000; Vallesi et al., 2009), and accumulated 

evidence in low confidence decision making with both verbal episodic memory retrieval (Henson et 

al., 2000; Vallesi & Shallice, 2006) and perceptual tasks (Fleck et al., 2006). Moreover, in a recent 

simultaneous EEG-fMRI study, the right MFG, along with the right supramarginal gyrus, was more 

activated when participants had to monitor for target faces as compared to non-monitoring trials. 

Such activity was also modulated by the ERPs elicited by monitoring trials over frontal electrodes 

(Tarantino et al., 2017).  

Moreover, the critical causal role of the same PFC areas in monitoring processes has been 

observed in both neuropsychological and transcranial magnetic stimulation (TMS) studies. Focal 

damage (Arbula et al., 2017; Vallesi 2007; Stuss 2005) or transient inhibition (Vallesi, Shallice & 

Walsh, 2007) of right lateral PFC impairs monitoring of temporal conditional probabilities, thus 

preventing the usual increase of preparation during longer foreperiods. In line with these findings, 

patients with lesions in these areas also show difficulties in adjusting their responses to continuous 

and fast stimulus occurrence (Picton et al., 2006; Shallice et al., 2008), supporting the critical 

involvement of right lateral PFC in monitoring timed performance. Similar evidence for event-related 

monitoring comes from studies on prospective memory in which both lesions (Uretzky & Gilboa, 



Right-lateralized brain dynamics & monitoring  

23 
 

 

2010) and disruptive stimulations (Bisiacchi et al., 2011) over right PFC interferes with prospective 

memory cue detection performance which, according to some models (e.g., McDaniel & Einstein, 

2000), entails the monitoring process.  

Brought together, these findings are in line with our observation that similar areas in the right 

PFC support both continuous and event-related types of monitoring, regardless of the cognitive 

domain involved in the task and its specific features. As a further support for this conclusion, two 

recent studies with fMRI (Nee & D’Esposito, 2016) and theta-burst transcranial magnetic stimulation 

(Nee & D’Esposito, 2017) highlighted the role of the MFG as a critical nexus for cognitive control that 

is involved in integrating bottom-up feature information in lower level posterior motor regions and 

top-down task information in more rostral prefrontal nodes to guide context-appropriate actions. 

It is important here to note that, unlike our previous results concerning monitoring-related 

ability during task-switching (i.e., mixing costs), the present results suggest that the inter-individual 

variability in domain-independent monitoring functioning is related to the hemispheric asymmetries 

of resting state-related spectral dynamics not only in the lateral PFC, but also in other PFC regions 

and in the medial parietal cortex. This shows that some degree of task specificity may mediate how 

domain-general monitoring processes are explained by neurophysiological individual difference 

factors. First, the present results indicate that monitoring-related behavioral performance may be 

mediated by the right lateralization of intrinsic neurophysiological activity in a medial parietal region, 

the posterior cingulate sulcus. Albeit this region does not belong to the frontoparietal network, it 

has been shown to participate in both dorsal and ventral attention networks (Yeo et al., 2011; Power, 

2011) subserving, respectively, goal-directed and stimulus-driven attention processes, for which a 

right hemispheric asymmetry has been reported. This is consistent with the tight functional 

relationship between these two distinct attention networks (Corbetta and Shulman, 2002; Corbetta 

et al., 2008) and suggests that this medial parietal region may be a potential point of interaction 
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between them (Yeo et al., 2014). It is interesting to note that the only other cortical region 

representing a potential intercommunication node between stimulus-driven and goal-directed 

attention processes is the right MFG near the IFS (Corbetta et al., 2008; see also Asplund et al., 2010), 

a lateral PFC region that is also consistent with the mMFG and IFS regions we found here to show a 

significant power-behavior correlation. This result thus highlights the important role played by 

attention processes to successfully monitor for the occurrence of task-relevant critical events (see 

also Capizzi et al., 2016). Indeed, the ability to focus and maintain attention over time, but also the 

ability to reorient it when behaviorally relevant stimuli occur, are closely associated with optimal 

monitoring functioning. 

Finally, the present results suggest that monitoring functioning may also be mediated by the 

right lateralization of intrinsic neurophysiological activity in two other PFC regions, a rostral (aPFC) 

and a medial (dACC) one, albeit the results for the former region did not survive correction for 

multiple comparisons and should thus be taken with caution. These regions have been shown to be 

critically involved in monitoring-related cognitive processes, such as strategic monitoring of 

prospective cues in prospective memory tasks (e.g., Reynolds et al., 2009) for the former area and 

the detection of discrepancies between the actual state of affairs and the desired state (e.g., Benn 

et al., 2014) for the latter one. More importantly, the above mentioned neuropsychological studies 

on patients with focal PFC lesions have shown that lesions in the right dACC impair monitoring of 

temporal probabilities (Stuss et al., 2005) and monitoring of possible discrepancies between 

patients’ behavior and an external temporal reference (Shallice et al., 2008) to optimize their 

responses according to the task requirements. These findings suggest that the right hemispheric 

asymmetry in the involvement of PFC in monitoring processes would implicate not only lateral PFC 

regions, but a more extended cluster of PFC areas also including dACC and aPFC. It is also interesting 

to note here that aPFC and dACC are two nodes of the so-called cingulo-opercolar network, which 
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mediates cognitive processes that are strictly related to monitoring functioning, such as the 

sustained maintenance of the task set (Dosenbach et al. 2006, 2007), as well as of optimal levels of 

tonic alertness (Sadaghiani & D’Esposito, 2015), and is involved in detecting important, behaviorally 

relevant information (Seeley et al., 2007). Taken together with the present study, these findings thus 

suggest that monitoring functioning relies on the interplay between different cognitive processes 

mediated by specialized networks.  

An interesting issue deserving further investigation is whether the lateralization patterns 

observed here for monitoring tasks in so called “cold” cognitive domains is related to models of 

lateralized prefrontal processes in emotion/motivation domains. Empirical evidence, for instance, 

supports an association between right PFC with negative emotions and avoidance motivation as 

opposed to left PFC involvement in positive emotions and approach motivation, with corresponding 

brain asymmetries observed both in healthy and psychiatric conditions (e.g., Spielberg et al., 2010; 

see Davidson & Irwin, 1999; Tomarken & Keener, 1998, for reviews; cf., Miller, Crocker et al., 2013). 

Notwithstanding that better efforts should be made to link these two lines of research within the 

same experimental designs, one could speculate that there are similarities in right lateralized 

cognitive and emotional processes. It is possible that the right DLPFC and neighboring regions are 

responsible for monitoring critical events, and, as such, negative threats (with related avoidance 

motivation) could be considered by far among the most critical events that one needs to 

continuously monitor. Future cross-field research should more directly test this as well as other 

alternative hypotheses. 

To conclude, the present EEG study shows that the intrinsic lateralization of brain activity 

explains the performance in a set of tasks tapping on different aspects of monitoring. In particular, 

a right lateralized resting-state activity in different nodes belonging to cognitive control and 

attention networks seems to explain better monitoring performance. Whether these beneficial 
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asymmetries could be modulated through neuro-stimulation or neuro-feedback to boost 

performance in the healthy population across the life span or to recover compromised functions in 

patients is an exciting working hypothesis for future research. 
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Tables 

Table 1. Results of the robust correlation analysis. The table reports the cortical regions that 
showed significant correlations between EEG asymmetries and performance for up to two 
monitoring tasks.  

 Temporal monitoring  Verbal monitoring  Spatial monitoring 

Region rski LBCI95% UBCI95%  rski LBCI95% UBCI95%  rski LBCI95% UBCI95% 

pSPL -0.237 -0.474 -0.010  -0.228 -0.456 -0.011  0.100 -0.097 0.287 

MFS 0.010 -0.213 0.225 
 

-0.215 -0.423 -0.001 
 

-0.266 -0.499 -0.014 

pMFG -0.079 -0.328 0.168 
 

-0.242 -0.441 -0.014 
 

-0.235 -0.477 -0.002 

IFGorb 0.188 -0.079 0.438  -0.307 -0.524 -0.037  -0.368 -0.580 -0.098 

iPreCS -0.067 -0.278 0.166  -0.326 -0.534 -0.075  -0.293 -0.506 -0.042 

OrG -0.019 -0.266 0.199  -0.326 -0.537 -0.097  -0.292 -0.528 -0.060 

vLS 0.036 -0.223 0.293  -0.257 -0.506 -0.003  -0.268 -0.472 -0.028 

aSPL -0.291 -0.515 -0.015  -0.137 -0.397 0.145  -0.091 -0.339 0.163 

POS -0.288 -0.506 -0.013  -0.169 -0.427 0.133  0.100 -0.142 0.319 

PreCun -0.263 -0.475 -0.013  0.041 -0.383 0.195  0.060 -0.189 0.297 

aMTG 0.190 -0.068 0.414  -0.395 -0.605 -0.128  -0.209 -0.458 0.060 

LOTS -0.003 -0.264 0.255  -0.354 -0.570 -0.088  -0.209 -0.461 0.042 

SFS -0.106 -0.338 0.126  -0.341 -0.529 -0.115  -0.119 -0.378 0.154 

FusG -0.057 -0.307 0.201  -0.330 -0.529 -0.077  -0.084 -0.325 0.155 

Tpole -0.041 -0.291 0.202  -0.290 -0.509 -0.049  -0.205 -0.433 0.037 

OrS 0.125 -0.123 0.373  -0.282 -0.504 -0.014  -0.131 -0.343 0.096 

pSFG -0.048 -0.280 0.184  -0.114 -0.348 0.137  -0.314 -0.503 -0.089 

sInsG 0.165 -0.086 0.421  -0.195 -0.445 0.097  -0.301 -0.527 -0.016 

CircInsS 0.108 -0.105 0.320 
 

-0.173 -0.417 0.111 
 

-0.281 -0.521 -0.022 

mpSFG -0.138 -0.378 0.120 
 

-0.170 -0.416 0.123 
 

-0.260 -0.513 -0.003 

Note: rski, skipped Pearson’s correlation; LBCI95% and UBCI95%, lower and upper bound of the 95% 
bootstrap confidence interval, respectively. Bold indicates correlations that were significant at the 
nonparametric percentile bootstrap test (see section 2.5). aMTG, anterior part of the middle 
temporal gyrus; aSPL, anterior part of the superior parietal lobule; CircInsS, circular insular sulcus; 
FusG, fusiform gyrus; IFGorb, orbital inferior frontal gyrus; iPreCS, inferior part of the precentral 
sulcus; LOTS, lateral occipito-temporal sulcus; MFS, middle frontal sulcus; mpSFG, mid-posterior part 
of the superior frontal gyrus; OrG, orbital gyrus; OrS, orbital sulcus; pMFG, posterior part of the 
middle frontal gyrus; POS, parieto-occipital sulcus; PreCUN, precuneus; pSFG, posterior part of the 
superior frontal gyrus; pSPL, posterior part of the superior parietal lobule;  SFS, superior frontal 
sulcus; sInsG, short insular gyrus; Tpole, temporal pole; vLS, vertical ramus of the lateral sulcus. 
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Table 2. Results of the intersection analysis. Cortical regions that showed significant correlations 
between EEG asymmetries and performance for all the three monitoring tasks.  

 Temporal monitoring  Verbal monitoring  Spatial monitoring 

Region rski LBCI95% UBCI95%  rski LBCI95% UBCI95%  rski LBCI95% UBCI95% 

mMFG 0.236 0.021 0.461  0.338 0.049 0.556  0.362 0.104 0.577 

IFS 0.224 0.004 0.438  0.369 0.125 0.568  0.384 0.109 0.597 

aPFCa 0.258 0.014 0.505  0.229 0.006 0.453  0.247 0.001 0.511 

dACC 0.27 0.035 0.485  0.273 0.033 0.482  0.393 0.13 0.609 

pCingS 0.232 0.028 0.452  0.389 0.154 0.601  0.393 0.181 0.568 

a This result did not survive Family-wise error correction for multiple comparisons. 

Note: rski, skipped Pearson’s correlation; LBCI95% and UBCI95%, lower and upper bound of the 95% 
bootstrap confidence interval, respectively; mMFG, middle part of the middle frontal gyrus; IFS, 
inferior frontal sulcus; aPFC, anterior prefrontal cortex; dACC, dorsal anterior cingulate cortex; 
pCingS, posterior cingulate sulcus. All the reported correlations were significant at the 
nonparametric percentile bootstrap test (see section 2.5).  
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Figure captions 

Figure 1. Experimental tasks. 
The figure shows the trial structure of the temporal (foreperiod), spatial and verbal versions of the 
monitoring task (from top to bottom). Three trials are shown for the foreperiod task. A monitoring 
and two non-monitoring trials are shown for the spatial  and verbal event-related monitoring tasks. 
See sections 2.2.1 and 2.2.2 for more details. 
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Figure 2. Participants' behavioral performance in the monitoring tasks. 
Scatterplots showing the participants’ mean M-estimates of natural log-transformed RTs in non-
monitoring (x axis) and monitoring (y axis) trials for the temporal (left), verbal (middle), and spatial 
(right) monitoring tasks. Circles represent data from each participant. The diagonal dashed lines 
indicate the identity line (y = x), so that circles above the diagonal represent participants exhibiting 
a raw monitoring effect. The boxplots in the insets show the distribution of the participants’ 
monitoring effects; the central line/point of the box represents the median, the edges of the box are 
the first and third quartiles, and the whiskers represent the range of the data. 
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Figure 3. Results of the power - behavior robust correlation analyses. 
The figure illustrates the cortical surface of the right hemisphere with the regions identified by the 
intersection analysis as those showing a significant power–behavior correlation in all the three 
monitoring tasks; these regions are indicated in white and labelled. The regions showing a significant 
correlation specifically for the temporal, verbal, and spatial domains are indicated in blue, red, and 
green, respectively, while those showing a significant correlation for two tasks are indicated in 
yellow, cyan, and magenta (see the color legend on the right). The scatterplots show the 
corresponding correlations between the participants’ hemispheric asymmetry of rsEEG spectral 
activity (β/α_HAS, x axis) in those regions and the z-transformed behavioral measures of their 
monitoring abilities (y axis) in the temporal, verbal and spatial domains (blue, red, and green points, 
respectively). Positive values of β/α_HAS indicate a stronger right-lateralized brain activity at rest 
(see Resting State EEG Recording and Analysis section). The corresponding regression lines reflect 
the skipped Pearson correlation for each domain. mMFG = middle part of the middle frontal gyrus; 
IFS = inferior frontal sulcus; aPFC = anterior prefrontal cortex; dACC = dorsal anterior cingulate cortex; 
pCingS = posterior cingulate sulcus. 

 


