
  

 
Abstract— Mental fatigue is often accompanied by 
suboptimal task performance, which has motivated 
researchers to study its neural basis. Here, we use 
network analysis to investigate functional cortical maps 
at the start and end of a 20-minute test of sustained 
attention. We observed overall increases in path length 
that were correlated with performance declines, as well as 
an asymmetric change in connectivity between frontal 
and posterior attentional regions.  

I. OBJECTIVE 

A number of prior studies have demonstrated the critical 
importance of a right-lateralized fronto-parietal network in 
sustaining high levels of vigilance and performance under 
these conditions [1,2]. However, the use of whole-brain 
network analysis [3] approaches is still relatively novel, with 
only several reports of fatigue-related differences found using 
these methods [4,5]. To add to this body of knowledge, we 
investigated changes in cortex-wide functional connectivity 
in the early and late stages of performance of a mentally 
demanding attentional task.   

II. METHODS 

Participants’ (N=26) brain activity was recorded using  
high-density 64-channel EEG while they performed a 
20-minute version of the Psychomotor Vigilance Test (PVT), 
a challenging attention task with a high signal load [5]. 
Performance declines were estimated using a least-squares fit 
to individual reaction times plotted against time. We 
investigated the differences in connectivity patterns in the 
low alpha EEG band (8-10 Hz) between the rested (first 5 
minutes of task) and fatigued (last 5 minutes of task) states. 
Functional connectivity graphs were constructed using partial 
directed coherence, and then converted into a weighted 
directed graph from which small-world metrics were 
calculated. To investigate the specific brain areas responsible 
for fatigue-related change, we reconstructed source activity 
via a minimum norm estimate before estimating connectivity 
among 26 pre-defined regions of interest (ROIs). Multivariate 
analysis of variance was used to test for differences between 
states in our variables of interest. 
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III. RESULTS 

Reaction times on the PVT were significantly slower at the 
end than at the beginning of the task (F1, 25 = 11.84, p = 
0.0011). Mean 1PDC values showed a marginally 
significant (F1, 25 = 3.90, p = 0.059, ηρ² = 0.135) increase from 
the first to last five minutes of the PVT. Among the network 
variables tested, significant increases were found in path 
length (F1, 25 = 8.79, p = 0.007, ηρ² = 0.26), and mean 
normalized weighted characteristic path length (F1, 25 = 5.29, 
p = 0.03, ηρ² = 0.18). These increases were correlated with the 
slope of performance decline (r = -0.43, p = 0.04). 
Inter-hemispheric cortical connections decreased 
significantly (F1, 25 = 5.93, p = 0.018) in the 4th quartile while 
intra-hemisphere connections did not (F1, 25 = 1.21, p = 0.28). 
Finally, we found significant differences in ipsilateral 
connectivity between dorsolateral prefrontal cortex and 
cingulate cortex, suggesting a specific decoupling of frontal 
from posterior regions in the fatigued state. 

IV. CONCLUSIONS  

Increases in path length may represent a useful index of 
mental fatigue. Change in this metric may arise because of 
reduced efficiency in nodes central to the maintenance of 
sustained attention, and decreased interhemispheric 
communication between frontal and posterior brain regions. 
As network analysis is sensitive to these changes over 
relatively short time scales, it may be a useful tool to detect 
such brain states for on-the-job applications. 
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