
 

PROPOSAL AS DIRECTOR OF STUDIES & 

RESEARCH PROJECT 

MO-PHDSCC-1 

Rev. 00 del 07/03/2022  

Page 3 di 5 

 
PROJECT 1 

 

DoS: Andrea Galbiati 

 

Title: Cognitive control during sleep: the strange case of self-awakening 

 

 

Link to OSR/UniSR personal page:  

https://www.unisr.it/docenti/g/galbiati-andrea 

 

 

Project description (Number of characters, including spaces: 2.000 - 3.000): 

 

Sleep is naively conceived as a passive state. However, it plays a fundamental 

role in the regulation of daytime cognitive functions like memory and emotion 

(Klinzing et al., 2019). Furthermore, other phenomena suggest that complex 

cognitive processing may be active during sleeping. For example, lucid dreaming, 

namely the ability of being aware of dreaming while dreaming, assumes a form of 

volitional control in sleep (Baird et al., 2019). Another understudied experience 

related to a regained cognitive activity during sleep is self-awakening. People 

habitually use alarm clocks to wake up at a specific time in the morning. 

Interestingly, some subjects reports the ability to awaken without the help of 

any timekeeper; we refer to this phenomenon as self-awakening. Although the 

experience is commonly reported, some specifications are warranted to identify 

and understand the phenomenon. First, awakening from sleep might be induced by 

external stimuli but can also occur spontaneously. Second, spontaneous awakening 

might be subdivided into natural awakening, caused by a “natural” cessation of 

sleep due to the dissipation of the physiological drive to sleep, or self-awakening 

due to the willingness to wake up. Third, self-wakening itself needs to be 

disambiguated: self-awakening might be habitual (i.e., a person waking up every 

day at the same time), in which case circadian rhythms are the driving factor, or 

can be induced by volition. This latter phenomenon represents the topic of interest 

here. 

The study of self-awakening is not only fascinating, but it could also inform on 

the presence of specific cognitive processes even at minimal or absent levels of 

consciousness. There are at least three cognitive operations a sleeping person  

must manage to awaken at the right point in time during sleep. First, one  must 

encode and store the target time, which has to be readily accessible; second, the 

time elapsed during sleep should be constantly estimated and compared to  the 

target time; third, one must regain volitional control during sleep to awake. All 

these operations must be carried out while the sleeping subject is in a state 

typically characterized by minimal levels of consciousness (Tononi & Massimini, 

2008).  

The experimental model of self-awakening highlights several important issues, in 

particular the lack of a reliable model for time estimation in the minutes-to 

hours range. This could be explained by the poor knowledge on brain ultradian 

(i.e., biorhythm having a period of less than 24 hours) oscillators in relation 

to sleep perception during sleep. Rather, processes involved in the internal 

timekeeping of circadian rhythms have been extensively studied. These are 

biologically implemented in a relatively small bunch of ~10,000 neurons in the 

suprachiasmatic nucleus of the hypothalamus and  oscillate with a 24-hour rhythm. 
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Little is known about ultradian timekeepers of sleep but they should likely play 

a crucial role in self-awakenings. 

Up to now, self-awakening has been studied using different subjective and objective 

methodologies, including questionnaires, sleep diaries, actigraphy, and 

polysomnography. However, no study integrated all these different approaches.  

The aim of this project will be to investigate the psychophysiological and 

neuropsychological features underlying the phenomenon of self-awakening 

introducing an innovative multimodal approach by combining three main 

methodologies: (i) an ecological and objective long-term assessment throughout 

the employment of actigraphy, (ii) a neuropsychological approach for the 

evaluation of cognitive control and time estimation abilities and (iii) a 

polysomnographic recording for the evaluation of neurophysiological brain dynamics 

in condition of normal sleep and during nights with self-awakening. 

 

 

 

 

Skills to be acquired by the student: 

Our ward and laboratories offer the opportunity to investigate the issue of self-

awakenings from a multidisciplinary perspective comprising neurophysiological 

recordings and analyses, neuropsychological assessments and paradigms from 

experimental psychology. Therefore, the students will develop the ability to deal 

with behavioral, psychophysiological and neurophysiological data. This will be 

carried out with the most advanced statistical approach and software packages such 

as SPSS, MATLAB, R, and Python. The design of this experimental study will be 

articulated following the 3-year PhD structure. Experimental subjects will be 

selected on the basis of their ability to self-awake by means of a questionnaire 

developed in our group. Therefore, 20 self-awakeners and 20 non self-awakeners 

will be enrolled and will be tested throughout our multimodal approach. During 

the first year, definition of experimental design, patients’ enrollment, and a 

first part of data acquisition, as well as planning of data analysis will be 

conducted by the student. During the second year, completion of patients’ 

enrollment, data acquisition and data analyses will be performed. The third year 

will be fundamental for finalizing data analysis, interpreting results in the 

light of previous literature and thesis writing. 
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