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

An intense scientific debate in the last years has questioned the replicability of major influential 
studies in psychological sciences, with direct large replications attempts showing that only 
around 36% replications efforts were able to confirm results previously reported (Ioannidis, 2005). 
Other close fields such as cognitive neuroscience might be subject to similar weaknesses, as they 
are more intensively characterized by complex multi-dimensional datasets, which incorporated 
high level of noise and multiple analytical strategies (Szucs & Ioannidis, 2017). Human 
electroencephalography (EEG) is the oldest and most-widely used method to infer about the 
relationship between brain activity and cognitive phenomena, with more than 6000 publications 
per year. While novel EEG findings are generated at a fast pace, replications of such results are 
less common. 

Recently, collaborative efforts to increase the replicability in psychological sciences, such as the 
“Many Labs” model (Klein et al. 2014), have inspired the start of a large-scale international effort 
to evaluate the replicability of some of the most influential EEG findings. This initiative has been 
named #EEGManyLabs and consist in a series of multi-site experiments spanning various 
domains of cognitive neurosciences, institutions, and researchers (Pavlov et al., 2021).  

The laboratory of the DoS has been invited to join this initiative with a twofold aim. The first aim is 
to attempt to replicate a study by Busch and VanRullen (2010), the first to show that during a 
sustained attentional task, spontaneous oscillations in the theta range (~7 Hz) framed visual 
perception into discrete epochs or “perceptual moments”. These seminal findings about the 
rhythmic (periodic) nature of visual attention became highly influential and opened a series of 
theoretical and experimental studies about the role of neural oscillations in determining 
consciousness. The second aim is to collaborate with the #EEGManyLabs network to create the 
world largest database of resting state EEG data. A detailed characterization of resting state EEG 
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dynamics across the population is missing at present. It is, however, a fundamental step to study 
anomalies of neural activity in patient populations, to map the developmental trajectories, and 
to answer more theoretical questions on the nature of the signal and its relationship with task-
related activity and individual differences in various psychological domains (e.g. Gabard-
Durnam et al., 2015; Gordon et al., 2010; Reznik & Allen, 2018).  

The work of the PhD student will develop within this initiative and, for this reason, s/he will be 
require to interact also with the #EEGManyLabs network in the different stages of the project. In 
the first stage of the project (~1st year), as partner institution we are required to submit a 
preregistered report of the replication to be performed. After the acceptance of the pre-
registration, we will start the data collection. A minimum of N=91 participants is required to reach 
90% power in a new independent study with at least a half of the effect size relative to the original 
study. Thus, we will test a sample of N=100 participants (50 females) with a 64-channels EEG both 
in the resting-state and in the attentional task. In the second stage of the project (~2nd year), we 
will analyze this large database in order to: I) replicate the effect reported in Busch & VanRullen 
about the periodicity of visual attention and; II) contribute to shed light on new relationships 
between resting-state and task-related neural dynamics. In the third stage of the project (~3rd 
year), we will move from a correlational to a causal approach, testing whether it is possible to 
change the sampling rate of visual attention by applying trancranial alternating current 
stimulation (tACS) within the theta band.  

Main hypotheses to be tested in the project: 

I) In terms of the replication of previous EEG findings (Busch & VanRullen, 2010), we expect 
to find that the phase of ongoing theta oscillations (~7 Hz), measured right before the 
stimulus onset in frontal areas, are linked with the perception (hits vs. misses) of visual 
stimuli presented at the contrast threshold when attention is fully deployed to one of the 
visual hemifields (attended trials). Contrarily, when attention is paid on the opposite 
hemifield (unattended trials), this relationship should not emerge.  

II) Based on seminal studies in the macaque showing that, in spatial attention tasks, 
oscillations within the theta band are a functional correlate of the interaction between the 
frontal eye fields (FEF) and intraparietal areas (LIP) (Fiebelkorn et al., 2018), we expect to 
find that both resting state and task-related EEG dynamics within the theta band (e.g. 
frontal/parietal individual theta frequency and amplitude) are linked to behavioral 
performance (i.e. hit rate) in attended trials.  

III) In the tACS experiment, inspired by recent studies that successfully modulated visual 
working memory by shaping theta oscillations (Wolinski et al., 2018), we expect that focal 
tACS to frontal areas (or bifocal tACS to the fronto-parietal network) at different target 
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frequencies within the theta band (e.g. 4 vs. 7 Hz) would modulate the attentional sampling 
efficiency (i.e. hit rate) in attended trials. 

 

Skills to be acquired by the student: 

• Planning of experimental designs for behavioral, eye-tracking, tACS and EEG studies  
• Data analysis of behavioral, eye-tracking, tACS and EEG experiments  
• Advanced statistical analyses of multi-dimensional datasets  
• Scientific writing, including preregistration reports, and oral presentation skills 
• Critical thinking and critical review of the literature  
• Ability to work within an international network 
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