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Introduction 
The ability to inhibit unwanted thoughts, actions, and emotions – often referred to as 
inhibitory control (IC) – forms an important aspect in our daily life as it is crucial for successful 
goal-directed behavior (Munakata et al., 2011). Indeed, impaired IC has been associated with 
pathologies such as attention-deficit/hyperactivity disorder, schizophrenia, and psychopathy 
(Nigg, Carr, Martel, & Henderson, 2007). In the laboratory, IC is usually studied via response 
inhibition paradigms such as the stop signal task in which subjects are instructed to respond 
as quickly as possible via a button press to a go-stimulus, but to withhold their response 
whenever the go stimulus is followed by subsequent stop stimulus (Verbruggen & Logan, 
2009).  
 
A new line of research suggests that IC is not only at play during stopping behavior, but is 
crucial during voluntary action preparation as well (Duque & Ivry, 2009). This preparatory 
inhibition (PI) is commonly investigated using an instructed-delay reaction time (IDRT) task in 
which a preparatory cue indicates which response must be performed after a short delay 
period and the presentation of an imperative signal. In contrast to response inhibition, 
however, the neurophysiological underpinnings of PI are only poorly understood.  
 
To ameliorate the lack of empirical evidence, this Forskerlinjen project will investigate 
whether PI relies on similar neurophysiological underpinnings as response inhibition.    
 

Background 
How and what would our human lives be like if we were unable to translate our wishes, hopes, 
ambitions, and plans into action? Being able to (inter)act with the world around us is one of 
the major set of skills that defines who we are. Such (inter)action entails several steps such 
as the initial formulation of a movement goal, the integration of visual information into a 
movement plan, and the eventual execution of the appropriate movement. Within this 
processing cascade, inhibitory control (IC) and the inhibition of inappropriate, obsolete, and 
maladaptive actions specifically, represent crucial factors to ensure successful goal-directed 
behavior (Munakata et al., 2011).  
 
Experimentally, IC has largely been associated (if not equated) with the ad hoc cancellation 
of already initiated motor actions using the stop-signal task (i.e., response inhibition), and an 
inhibition-network consisting of the right inferior frontal cortex (rIFC), pre-supplementary 
motor area (pre-SMA), and the subthalamic nucleus (STN) (Aron, 2011; Coxon, Stinear, & 
Byblow, 2006, 2009). Within this network, it has been proposed that the rIFC implements an 
inhibitory control function and activates downstream areas subsequently (Aron, 2011).   
 
A recent line of research, however, suggests that IC plays a major role during voluntary action 
preparation as well (Duque & Ivry, 2009). This preparatory inhibition (PI) is commonly 
investigated during the delay phase of the instructed-delay reaction time (IDRT) task. By using 
transcranial magnetic stimulation (TMS) with concurrent electromyography (EMG) that 
allows for a temporally precise read-out of the state of the motor system (Bestmann & Duque, 
2016), studies revealed that corticospinal (CS) excitability decreases throughout the delay 
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period in task-relevant muscles with which an eventual response must be made (Bundt, 
Abrahamse, Braem, Brass, & Notebaert, 2016; Bundt et al., 2019; Duque & Ivry, 2009; 
Greenhouse, Sias, Labruna, & Ivry, 2015). Surprisingly, in contrast to response inhibition, the 
neurophysiological underpinnings of PI are only – if at all – poorly understood.  
 
To ameliorate the lack of empirical evidence, this Forskerlinjen project will investigate the 
relevance of the rIFC for PI. To that effect, anodal and cathodal (as well as sham) transcranial 
direct current stimulation (tDCS) will be used to modulate cortical excitability before subjects 
perform the IDRT task. While anodal tDCS is believed to increase spontaneous neural firing, 
cathodal tDCS decreases spontaneous neural firing of subjacent neurons during stimulation 
and usually up to 1-1,5 hours thereafter (Nitsche et al., 2008). If the rIFC is not only crucial for 
response inhibition but also for PI, it is predicted that anodal compared to cathodal tDCS over 
rIFC results in stronger PI. 
 

Research questions 
1) Given that the rIFC has been strongly implicated in response inhibition to achieve 

successful goal-directed behavior via IC, it is predicted that rIFC will be involved during PI 
as well. More specifically, it is predicted that anodal compared to cathodal tDCS over rIFC 
will increase PI.  

2) PI has been found to increase throughout the delay period of the IDRT task (i.e., CS 
excitability decreases). Accordingly, it will be explored if and how tDCS over rIFC affects 
the temporal development of PI from early to late time points within the preparatory 
interval.  

3) Stronger PI has been found for muscles that are involved in the execution of the 
forthcoming response compared to uninvolved muscles. Correspondingly, it will be 
explored if and how tDCS over rIFC affects inhibition of muscles being (un-)involved in the 
execution of the forthcoming response.  

 

Objectives and method 
The main goal of the project is to investigate whether rIFC is implicated in PI and, if so, how 
rIFC stimulation affects its temporal development and inhibition of effectors being 
(un)involved in the forthcoming response.  
 
To this end, we will resort to the IDRT task and examine the state of the motor system using 
TMS with concurrent EMG while a response is being prepared. Every participant will take part 
in three distinct experimental sessions that are each separated by at least one week. These 
experimental sessions differ from each other in that they are preceded either by 20 minutes 
anodal tDCS (tDCSanodal) to increase spontaneous neural firing of subjacent neurons, cathodal 
tDCS (tDCScathodal) to decrease spontaneous neural firing of subjacent neurons, or sham tDCS 
(tDCSsham). The order of tDCS sessions will be counterbalanced across participants. The tDCS 
target region will be the rIFC as this brain region has been associated with the generation of 
inhibitory commands during response inhibition (Aron, 2011; Verbruggen & Logan, 2008). As 
in previous work (Thunberg, Messel, Raud, & Huster, 2020), the exact placement of the anode 
relative to the cathode (and vice versa) will be decided based on current flow simulations for 
the main target region (Lee, Jung, Lee, & Im, 2017).  
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Immediately after tDCS has been applied, subjects will perform the IDRT task and will be 
instructed to respond to the imperative signal by pressing a keyboard button with either their 
right or left index finger. TMS will be applied over left primary motor cortex early or late within 
the preparatory interval of the IDRT task. EMG will be recorded from the right first dorsal 
interroseous (FDI) that is involved in the control of index finger movements, resulting in right 
FDI being either involved or uninvolved in the forthcoming response.  
 
Statistical data analysis will be performed in SPSS (or R if the student prefers to) using a 3x2x2 
repeated measures ANOVA with session (tDCSanodal, tDCScathodal, tDCSsham), TMSepoch (early, 
late), and effector (involved, uninvolved) as within-subjects factors.  

 
Small to medium effect sizes of tDCS effects have been found previously for tasks probing 
inhibitory control (g=-.33; Schroeder, Schwippel, Wolz, & Svaldi, 2020).  An a-priori power 
analysis based on the above-mentioned 3x2x2 repeated-measures ANOVA with an effect size 
of f=.2, an alpha-error probability of 0.05, a power of 0.8., and a correlation among repeated 
measures of 0.5, revealed a target sample size of N=19 in total. 
 

Student assignments 
The student’s tasks are (under the supervision of the main and assistant supervisor): 

• To familiarize himself/herself with the relevant (background) literature.  

• To perform data acquisition with the assistance of research assistants and/or 
internship students. 

• To prepare and analyze resultant experimental data statistically. 

• To write up experimental approaches and findings in a scientific manuscript.  
 

About the research environment 
The main collaborators of this project will be the main supervisor, assistant supervisor, and 
Prof. Dr. René Huster who is the head of the Multimodal Imaging and Cognitive Control (MICC) 
Lab.  
 
The project will be coordinated through weekly meetings between the main supervisor, the 
assistant supervisor, and the student. Whenever necessary, ad hoc meetings will be 
organized. Furthermore, the student will be a regular member of the MICC-lab, and, as such, 
will be invited to join the weekly lab meetings, internal workshops, and social events.  
 

Supervision 
Main supervisor: Carsten Bundt 
Assistant supervisor: Christina Thunberg 
 
The focus in the supervision will be on enabling the student to conduct his/her own research 
project independently. This includes i) the search for relevant scientific literature as well as 
the critical assessment thereof, ii) getting acquainted with the technical aspects of the lab 
and running the experiment in the lab, iii) the proper preparation and analysis of resultant 
data, iv) the accurate interpretation of the data and the communication of the scientific 
process in a manuscript.  
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Ethical approvals and data 
Data acquisition will be part of the Forskerlinjen project and, as such, the data is not yet 
available as of today. Ethical approval has been acquired from the ethical review board of the 
Department of Psychology.  
 
Data protection and research data management plans will be defined in accordance with the 
data protection agency (Datatilsynet) and the general data protection regulation (GDPR). 
 

Tentative article 
The effect of anodal and cathodal tDCS over rIFC for preparatory inhibition. 
 

Contact 
Carsten Bundt, Ph.D. 
Postdoctoral fellow 
Department of Psychology, University of Oslo 
Visiting address: Forskningsveien 3A, Harald Schjelderups hus, 0373 Oslo, Norway 
Postal address: Postboks 1094, Blindern, 0317 Oslo, Norway 
Email: carsten.bundt@psykologi.uio.no 
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