
Accepted Manuscript

Tracking wakefulness as it fades: Micro-measures of alertness

Sridhar R. Jagannathan, Alejandro Ezquerro-Nassar, Barbara Jachs, Olga V.
Pustovaya, Corinne A. Bareham, Tristan A. Bekinschtein

PII: S1053-8119(18)30356-2

DOI: 10.1016/j.neuroimage.2018.04.046

Reference: YNIMG 14893

To appear in: NeuroImage

Received Date: 21 November 2017

Revised Date: 10 February 2018

Accepted Date: 20 April 2018

Please cite this article as: Jagannathan, S.R., Ezquerro-Nassar, A., Jachs, B., Pustovaya, O.V.,
Bareham, C.A., Bekinschtein, T.A., Tracking wakefulness as it fades: Micro-measures of alertness,
NeuroImage (2018), doi: 10.1016/j.neuroimage.2018.04.046.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to
our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.

https://doi.org/10.1016/j.neuroimage.2018.04.046


M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

1 
 

Tracking wakefulness as it fades:        1 

micro-measures of Alertness 2 

Sridhar R. Jagannathan1*, Alejandro Ezquerro-Nassar1, Barbara Jachs1, Olga V. Pustovaya2,3, 3 
Corinne A. Bareham4, Tristan A. Bekinschtein1,3 4 

1 Department of Psychology, University of Cambridge, Cambridge, United Kingdom 5 

2 Academy of Biology and Biotechnologies, Southern Federal University (SFU), Rostov-on-Don, Russia 6 

3 Cognition and Brain Sciences Unit, Medical Research Council, Cambridge, United Kingdom 7 

4 Department of Clinical Neurosciences, University of Cambridge, Cambridge, United Kingdom 8 

*Corresponding author: j.sridharrajan@gmail.com 9 

Present Address: Department of Psychology, University of Cambridge, Downing Street, Cambridge CB2 10 
3EB, United Kingdom. 11 

 12 

 13 

 14 

 15 

Abstract 16 

A major problem in psychology and physiology experiments is drowsiness: around a third of 17 
participants show decreased wakefulness despite being instructed to stay alert. In some non-18 
visual experiments participants keep their eyes closed throughout the task, thus promoting the 19 
occurrence of such periods of varying alertness. These wakefulness changes contribute to 20 
systematic noise in data and measures of interest. To account for this omnipresent problem in 21 
data acquisition we defined criteria and code to allow researchers to detect and control for 22 
varying alertness in electroencephalography (EEG) experiments under eyes-closed settings. We 23 
first revise a visual-scoring method developed for detection and characterization of the sleep-24 
onset process, and adapt the same for detection of alertness levels. Furthermore, we show the 25 
major issues preventing the practical use of this method, and overcome these issues by 26 
developing an automated method (micro-measures algorithm) based on frequency and sleep 27 
graphoelements, which are capable of detecting micro variations in alertness. The validity of the 28 
micro-measures algorithm was verified by training and testing using a dataset where 29 
participants are known to fall asleep. In addition, we tested generalizability by independent 30 
validation on another dataset. The methods developed constitute a unique tool to assess micro 31 
variations in levels of alertness and control trial-by-trial retrospectively or prospectively in 32 
every experiment performed with EEG in cognitive neuroscience under eyes-closed settings. 33 
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