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Summary 

Author: Mari Sælid Messel 

Title: Proactive Inhibitory Control and Subjective Trial Outcome Certainty Influence 

Response Inhibition Processes: An fMRI study. 

Author statement: The present thesis is an independent research project, although the idea 

and design were developed as a collaboration between the author, a second master student and 

supervisor René Huster. Hypothesis development, data collection, data processing and 

analysis were done independently by the author. 

Supervisor: René Huster 

Abstract: Previous research has demonstrated that prior information about the likelihood of a 

stop-signal is associated with similar cortical activation patterns as is evident during response 

inhibition itself. Therefore, it has been proposed that proactive inhibitory control, as elicited 

by such prior information, may influence the implementation of reactive response inhibition 

processes in the cortex. To investigate this, a cued stop-signal task (cues: 0%, 25% and 66%) 

was implemented in combination with fMRI data acquisition, using a within-subjects design. 

Dependent variables included relevant behavioural measures and fMRI BOLD signals such as 

activity from predefined regions of interest (ROIs). Data from 31 participants were included 

in the study. Behavioural results revealed an increase in go-trial reaction time with increasing 

stop-signal probability, while the effect on stop-signal reaction times did not reach 

significance. Imaging results revealed that while go-trial activity depended on both ROI and 

stop-signal probability, no such effect was found for stop-trial activity. However, stop-trial 

activity was overall higher in the 66% condition than in the 25% condition and demonstrated 

a right-lateralised trend. The decrease in go- and stop-trial activity in the 25% condition 

compared to the other stop-signal probability conditions further indicate that while proactive 

inhibitory control is increased with increasing stop-signal probability, subjective trial outcome 

certainty may not be influenced in the same linear way. It is suggested that both of these 

processes influence response inhibition processes, evident in both go- and stop-trial activity.  
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1 Introduction 

Response inhibition is the ability to suppress or cancel a routine, prepotent or already initiated 

action (Hampshire & Sharp, 2015), such as stopping yourself from crossing the street when 

the traffic light turns red. This ability is critical for the adaption of thought and behaviour to a 

rapidly changing environment, and is one of the hallmarks of cognitive control (Miyake, 

Friedmann, Emerson, Witzki, & Howerter, 2000). Impairments in response inhibition can 

have profound effects in our everyday life, and such impairments fare among the main 

deficits in attention deficit/hyper activity disorder (ADHD; Wodka et al., 2007), obsessive-

compulsive disorder (Kang et al., 2013), as well as drug and alcohol abuse disorders 

(Lawrence, Luty, Bogdan, Sahakian, & Clark, 2009; Perry & Carroll, 2008).  

While response inhibition traditionally has been investigated as the process triggered 

by the sudden onset of a stop-signal, so-called reactive inhibition, research has indicated that 

how much one prepares to stop, so-called proactive inhibitory control, might influence the 

response inhibition process (Verbruggen & Logan, 2009b). We usually have access to 

contextual information prior to the stop-signal that modulates to what degree we prepare 

ourselves to inhibit a response. For example, driving on a small street full of schoolchildren 

makes us more prepared to hit the brakes, as opposed to driving on the freeway. Thus, while 

reactive inhibition is bottom-up and stimulus driven, triggered by the sudden onset of a stop-

signal, proactive inhibitory control is top-down and working memory dependent, based on the 

perceived likelihood of an upcoming stop-signal (Braver, 2012). Research has revealed 

several cortical regions associated with reactive inhibition (reviewed in Aron, Robbins, & 

Poldrack, 2014; Levy & Wagner, 2011), but the exact functional contribution of these regions 

remains elusive. Further, proactive inhibitory control has been found to affect both reaction 

times and cortical activity pattern in response inhibition paradigms (Chikazoe et al., 2009; 

Verbruggen & Logan, 2009b). Exactly how proactive inhibitory control, modulated by stop-

signal probability, influences the implementation of response inhibition in the cortex is on the 

other hand still equivocal, and thus warrants further inquiries. 
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1.1 Measuring Response Inhibition 

The stop-signal task (SST) is a widely used paradigm for measuring response inhibition. 

Traditionally, it consists of a majority of go-trials and a minority of stop-trials. In go-trials, a 

go-stimulus signals the participant to make a response. In stop-trials, the go-stimulus is 

followed by a stop-stimulus, signalling the participant to cancel or inhibit the initiated 

response. Thus, the majority of go-trials in the task forms stimulus-response mappings 

favouring a response to go-signals, making it challenging to inhibit the response on the 

occasional stop-trial. While the go-trial reaction time (go-RT) can be measured as the time 

between the go-signal onset and the response, stop-trial reaction time (SSRT) is a measure of 

the latency of the underlying inhibition process culminating in a non-response, and thus 

cannot be measured directly.  

 Verbruggen and Logan (2009a) have proposed that the SSRT can be reliably estimated 

based on the difference between the mean go-RT and the mean stop-signal delay (SSD), 

referred to as the mean method for estimating SSRT. The SSD is the time interval between 

the go-signal and stop-signal onsets. The mean method requires an approximate stop-trial 

accuracy of 50%, which can be achieved by dynamically varying the SSD based on the 

accuracy in the previous trial (i.e., the staircase procedure). Increasing the SSD if the previous 

trial was successfully inhibited, or decreasing the SSD if it was not, makes the inhibition task 

correspondingly harder or easier. In some cases, the staircase procedure is not sufficient to 

assure a 50% stop-trial accuracy, and the mean method might not be reliable. It has been 

suggested that other estimating methods, such as the integration method, might give a more 

reliable estimate of the SSRT in these cases (Verbruggen, Chambers, & Logan, 2013; 

Verbruggen & Logan, 2009a). The integration method involves subtracting the mean SSD 

from the nth go-RT, where the nth go-RT is determined by multiplying the overall number of 

go-RTs with the overall stop-trial accuracy (Verbruggen & Logan, 2009a). The dynamic 

tracking procedure of the SSD is based on a conceptual horse race model between go- and 

stop-trial related processes (Verbruggen & Logan, 2008). Specifically, in the horse race 

model it is assumed that a slow go-mechanism is initiated by the onset of a go-stimulus, while 

a faster stop-mechanism is initiated by the onset of a stop-signal. The go- and stop- processes 

are thought to compete against each other in a horse race, and increasing or decreasing the 

SSD will give the go-mechanism a correspondingly longer or shorter head start in the race. 

The performance outcome on the trial depends on whichever mechanism finishes first: if the 



3 

 

fast stop-mechanism finishes first, the result is a successfully inhibited response, while if the 

slower go-mechanism finishes first, the response is executed and the inhibition failed.  

The SST can also be modified to manipulate proactive inhibitory control, by explicitly 

indicating to the participant the likelihood of a stop-signal occurring on the following trial. 

The rationale behind this is that the participant needs to adjust their proactive preparatory 

strategies accordingly. For example, cues indicating that the likelihood of a stop-signal 

occurring is 60% will recruit more proactive control than a cue indicating that the likelihood 

is 25%. A cue indicating that the likelihood of a stop-signal is 0%, a so-called certain go-trial, 

is assumed to not recruit proactive inhibitory preparations, because the participant can be 

100% certain he or she does not need to inhibit the response on that trial. Behaviourally, an 

increase in stop-signal probability is accompanied by an increase in go-RT (e.g., Albares et 

al., 2014; Lavallee, Herrmann, Weerda, & Huster, 2014; Verbruggen & Logan, 2009b), 

indicating increasing proactive adjustments by trading speed for accuracy. This speed-

accuracy trade-off is a consequence of the increased proactive control, where speed in the go-

trials becomes less important than accuracy in the stop-trials (Forstmann et al., 2010; 

Verbruggen & Logan, 2008). Research on proactive task sets within the SST has shown that 

the SSRT stays rather constant across stop-signal probabilities (Lavallee et al., 2014; 

Leunissen, Coxon, & Swinnen, 2016; Verbruggen & Logan, 2009b; Zandbelt, Bloemendaal, 

Neggers, Kahn, & Vink, 2013b).  

 

1.2 Cortical Contributions to Reactive Inhibition 

Functional magnetic resonance imaging (fMRI) and other neuroimaging methods have quite 

consistently revealed increases in frontal cortex blood oxygenated level dependent (BOLD) 

response during reactive inhibition. Regions usually displaying this effect are the bilateral 

inferior frontal gyrus (IFG), the bilateral insula, the bilateral middle frontal gyrus (MFG), the 

anterior cingulate cortex (ACC) and the pre-supplementary motor area (pre-SMA), in addition 

to more posterior activation in the parietal cortex (reviewed in Aron et al., 2014; van Belle, 

Vink, Durston, & Zandbelt, 2014; Levy & Wagner, 2011). The different functional 

contributions of these regions in reactive inhibition have, on the other hand, remained 

equivocal. Some research has pointed to the right IFG (rIFG) as a locus of response inhibition 

in the brain (reviewed in Aron, 2007; Aron et al., 2014), modulating the basal ganglia directly 
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or via the pre-SMA in a right-lateralised network. Alternatively, others have suggested that 

the rIFG and pre-SMA are a part of a wider cortical network, whereby each region has 

flexible functions contributing to a wide variety of cognitive tasks, supporting a more domain-

general approach to response inhibition (reviewed in Hampshire & Sharp, 2015; Mirabella, 

2014). The difference between the two approaches has implications for the interpretation of 

cortical activation during response inhibition. While the former entails attributing rIFG 

activation to response inhibition only, the latter approach entails that rIFG activity does not 

have to be exclusive to response inhibition, and that response inhibition does not solely 

depend on the rIFG.   

 

1.2.1 A modular approach in trouble. Although controversial, the modular approach to 

response inhibition, locating response inhibition to a rIFG/pre-SMA/basal ganglia network, is 

not without its fair support from the research literature. Different response inhibition 

paradigms, such as the SST and go/no-go tasks have revealed rIFG increases in the BOLD 

response during reactive inhibition (Chikazoe, Konishi, Asari, Jimura, & Miyashita, 2007; 

Rubia, Smith, Brammer, & Taylor, 2003), and rIFG activation significantly higher than its left 

counterpart (Aron & Poldrack, 2006). Lesions to the rIFG significantly impair response 

inhibition (Aron, Fletcher, Bullmore, Sahakian, & Robbins, 2003; Aron, Monsell, Sahakian, 

& Robbins, 2004), as do virtual lesions induced by transcranial magnetic stimulation (TMS) 

over the rIFG (Verbruggen, Aron, Stevens, & Chambers, 2010). Likewise, enhancing rIFG 

activation with transcranial direct current stimulation (tDCS) facilitates response inhibition 

(Jacobsen, Javitt, & Lavidor, 2011). In addition, repetitive TMS over the rIFG, but not lIFG, 

impaired response inhibition in a study by Chambers and colleagues (2006). Further, research 

indicates that rIFG activation might correspond to response inhibition efficiency. For 

example, rIFG activation has been found to correlate negatively with the SSRT (Galvan, 

Poldrack, Baker, McGlennen, & London, 2011; Whelan et al., 2012), and to show higher 

activity during successful stop-trials than unsuccessfully inhibited stop-trials, so-called false 

alarms (Li, Huang, Constable, & Sinha, 2006). Furthermore, the latter comparison has also 

shown greater connectivity between the pre-SMA and rIFG (Duann, Ide, Luo, & Li, 2009; 

Swann et al., 2012), indicating that connections between these regions are important for 

efficient response inhibition. 
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Although these results indicate a critical role of the rIFG and pre-SMA in efficient 

response inhibition, the pattern is not conclusive. For example, even though rIFG activation is 

correlated with the SSRT, the same correlation pattern has been found for other cortical 

regions, such as the right insula and the ACC (Whelan et al., 2012), and the orbitofrontal 

cortex and the temporal gyrus (Galvan et al., 2011). Further, comparing successful stops to 

false alarms has also revealed activation in bilateral MFG, the ACC and the left IFG (lIFG; Li 

et al., 2006), and actually revealed decreased activation in the rIFG in a study by Hampshire, 

Chamberlain, Monti, Duncan, and Owen (2010). Lesion studies show the same pattern of 

inconclusiveness. For example, even though Aron et al. (2003; 2004) showed that rIFG 

lesions were associated with impairments in response inhibition, the same results were found 

by Swick, Ashley, and Turken (2008) targeting lIFG lesions. Furthermore, Kramer and 

colleagues (2013) did not find a significant difference between right and left PFC lesion 

patients in SSRT, nor between PFC patients overall compared to healthy controls. Lastly, 

TMS stimulation of the rIFG has been found to lead to both an increase (Verbruggen et al., 

2010) and a decrease (Zandbelt, Bloemendaal, Hoogendam, Kahn, & Vink, 2013a) in the 

SSRT, contradicting the notion of a direct linear relationship between rIFG activity and 

response inhibition efficiency. 

It has been suggested that rIFG activation seen during reactive response inhibition 

might represent other more general cognitive functions crucial for response inhibition, such as 

attentional control and target detection (Hampshire & Sharp, 2015; Kramer et al., 2013; Sharp 

et al., 2009). The rIFG has been included in a ventral attentional system, associated with the 

detection of unexpected, salient, and behaviourally relevant events (Corbetta & Shulman, 

2002). In response inhibition paradigms, the stop-signal is both somewhat unexpected and 

behaviourally relevant, and should thus recruit rIFG attentional activity. In a study by 

Hampshire and colleagues (2010), rIFG activation during trials requiring inhibition and trials 

requiring attention were compared. Specifically, they compared trials where the participants 

had to inhibit a response triggered by a cue, trials where the participants had to only count the 

number of cues, and trials were the participants were required to respond to the detection of 

the cue. The results revealed similar activation levels of the rIFG and lIFG during blocks of 

inhibit-trials and blocks of respond-trials, and this activation was significantly higher than for 

the count-trial blocks. Thus, even though rIFG activation is present during response 

inhibition, these results and others alike (e.g., Sharp et al., 2009), indicate that associated 

activity does not necessarily represent response inhibition specifically. Rather, this activity 
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may reflect a general attentional mechanism as a response to behaviourally relevant stimuli, in 

line with the framework proposed by Corbetta and Shulman (2002). One could argue that the 

similar activation patterns for attentional and inhibitory trials result from functional sub-

regions within the right inferior frontal cortex (rIFC), making the signal hard to differentiate 

from region to region. However, this does not seem to be the case. In a study by Erika-

Florence, Leech, and Hampshire (2014), the authors found no difference between IFC sub-

regions such as rIFG, and the right inferior frontal sulcus, in reactivity to trials requiring 

inhibition. Further, effective connectivity analyses indicated that frontal networks, including 

the IFC, responded to the processing of infrequent stimuli and novel tasks, independent of 

whether or not these tasks required response inhibition. 

 Although originally not thought to be a critical locus for response inhibition, newer 

revisions of the modular approach include the pre-SMA (Aron et al., 2014). An assumption of 

the modular approach is the executive role of the rIFG, and that it modulates the basal ganglia 

directly, or via the pre-SMA. However, research is not conclusive on this relationship. For 

example, in a study by Swann and colleagues (2012), electrocorticography (ECoG) 

measurements from a single epilepsy patient revealed that pre-SMA activation in fact 

preceded rIFG activation, implying that pre-SMA is not dependent on rIFG input during 

reactive inhibition. Pre-SMA has on the other hand been implicated in a wide variety of tasks 

recruiting cognitive functions (reviewed in Nachev, Kennard, & Husain, 2008), supporting 

more domain general accounts of cognitive control. In response inhibition, the pre-SMA has 

been particularly suggested as a node governing resolution of competition between action 

plans (Nachev, Wydell, O’Neill, Husain, & Kennard, 2007) and response selection 

(Simmonds, Pekar, & Mostofsky, 2008). For example, lesions to the pre-SMA affected 

stopping, but not going, in a stop-signal task (Floden & Stuss, 2006), and thus indicating its 

role in the resolution between two opposing task sets, rather than merely initiation or choice 

of a motor plan. Moreover, virtual lesions of the pre-SMA, induced by TMS stimulation, have 

been found to impair response inhibition and response adaption, but not response switching 

(Obseso, Wilkinson, Rodriguez-Oroz, Obeso, & Jahanshahi, 2013).  

 The overall results do not support a clear modular approach to response inhibition, but 

rather indicate flexible roles for the rIFG and pre-SMA in cognitive control. Regarding 

response inhibition specifically, evidence suggests that the rIFG might be involved in the 

detection of the stop-signal (e.g., Erika-Florence et al., 2014; Hampshire et al., 2010), while 
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the pre-SMA has a more motor-related role, such as selecting a task set when there are several 

options competing against each other (Floden & Stuss, 2006; Obeso et al., 2013).  

 

1.2.2 Wider cortical contributions supports a domain-general approach. The research on 

the role of the rIFG and the pre-SMA points to a more domain-general account of response 

inhibition. That is, neither of the regions are uniquely associated with response inhibition, nor 

are they the only regions associated with this function. When comparing stop-trials to go-

trials, increased BOLD responses are usually also seen in other cortical regions. These regions 

are usually the lIFG (Leunissen et al., 2016), bilateral insula (Chikazoe et al., 2009; Jahfari et 

al., 2012; Leunissen et al., 2016), bilateral MFG (Chikazoe et al., 2009; Leunissen et al., 

2016), the ACC (Chikazoe et al., 2009; Leunissen et al., 2016) and the bilateral inferior 

parietal cortex (IPC; Chikazoe et al., 2009; Jahfari et al., 2012). The lIFG has been implicated 

in action execution and observation (Pobric & Hamilton, 2006), and a line of lesion studies 

have revealed impaired response interference and selection as well as working memory 

associated with lIFG lesions (Swick, Ashley, & Turken, 2008; Thompson-Shill et al., 1998; 

2002). Further, in the aforementioned study by Hampshire and colleagues (2010), they did not 

find an overall significant difference between hemispheres in their task comparing inhibition 

to attention, and both inhibition and respond blocks activated the bilateral IFG. Moreover, the 

study by Kramer and colleagues (2016), finding no difference between SSRT dependent on 

right- or left-lateralised lesions provides further evidence to suggest that the role of the lIFG 

in response inhibition might be as important as the rIFG. 

Response inhibition is usually also associated with increased BOLD responses in the 

MFG of the DLPFC (Chikazoe et al., 2009; Lavallee et al., 2014; Leunissen et al., 2016) and 

the ACC (Chikazoe et al., 2009; Leunissen et al., 2016). While the former has traditionally 

been associated with working memory processes (Curtis & D’Espesito, 2003; Pessoa, 

Gutierrez, Bandettini, & Ungerleider, 2002), the latter is associated with error monitoring and 

conflict detection (Swick & Turken, 2002). In response inhibition paradigms, the MFG might 

thus be responsible for maintaining current task goals and stimulus-response mappings in 

working memory (Aron, 2011). Further, research has found that the DLPFC is involved in 

rule-based response selection, and it has been suggested that this region thus has an 

integrative role in linking working memory representations to current motor behaviour 

(Ridderinkhof, van den Wildenberg, Segalowitz, & Carter, 2004). A consistent finding in 
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previous research is the association between ACC activation and error detection. The conflict-

monitoring hypothesis suggests that the ACC might contribute to both the detection of errors 

and monitoring for conflicts in conditions where a possible conflict might occur (reviewed in 

Botvinick, Cohen, & Carter, 2004). In response inhibition, this might correspond to the 

conflict induced by the stop-signal, triggering the resolution of two opposing action plans.   

In addition to the frontal activity reviewed above, reactive inhibition is commonly 

associated with activation in the IPC (Chikazoe et al., 2009; Jahfari et al., 2012). This region 

has been implicated in the detection of salient and behaviourally relevant events (e.g., Gur et 

al., 2007). Further, together with the rIFG, specifically the right IPC (rIPC) has been 

implicated in the ventral attentional system proposed by Corbetta and Shulman (2002), but 

also in sustaining attention on task goals (Johannsen et al., 1997). In a review by Singh-Curry 

and Husain (2009), it is proposed that a primary function of the rIPC is maintaining attention 

on current task goals, as well as the bottom-up detection of salient events. In response 

inhibition, this could reflect both the detection of a stop-signal and the attentional resource 

allocated to the task based on the current stimulus-response associations.  

Overall, response inhibition seems to be associated with activity in a wide-spread 

cortical network. Further, research indicates that response inhibition is not located to a single 

locus of the brain, such as the rIFG, but rather, is dependent on general functional 

contributions from several regions. These include attentional resources, such as the detection 

of the salient and behaviourally relevant stop-signal; working memory, such as keeping 

current task rules and stimulus-response mappings active; and general task switching and 

resolution, such as deciding what action path should be taken based on both stimulus-response 

mappings and sudden change of action plans induced by stop-signals. The latter function 

might also be dependent on a detection of a conflict, or a general error monitoring process. 

Although this network seems to be extensively researched, what remains elusive is how it is 

affected by stop-signal probability and the induced proactive inhibitory control, and whether 

all of the aforementioned processes are influenced in a similar manner.  
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1.3 Proactive Control in Response Inhibition 

In the stop-signal paradigm, proactive inhibitory control can be modulated by explicitly 

informing the participant about the likelihood of an upcoming stop-signal. Thus, while 

reactive response inhibition is triggered by the stop-signal, proactive inhibitory control is 

elicited by the probability cue indicating stop-signal probability. Conditions of proactive 

control have been revealed to lead to a slowing of responses in go-trials, evident by an 

increased go-RT with increasing stop-signal probability (Albares et al., 2014; Verbruggen & 

Logan, 2009b; Zandbelt & Vink, 2010). This behavioural adjustment is in line with the speed-

accuracy trade-off as a consequence of higher proactive control (Forstmann et al., 2010; 

Verbruggen & Logan, 2008). Further, contrasting go-trials where the probability of a stop-

signal is high (uncertain go-trials), to go-trials where the probability of stop-signal is zero 

(certain go-trials) has revealed increased activity in several regions associated with response 

inhibition, such as the DLPFC (Chikazoe et al., 2009; Swann, Tandon, Pieters, & Aron, 

2013), insula (Jahfari et al., 2012), pre-SMA (Albares et al., 2014; Chikazoe et al., 2009; 

Jahfari et al., 2012; Swann et al., 2012) and the rIFG (Jahfari et al., 2012; Swann et al., 2012). 

Since go-trials do not include a stop-signal, this activity has been interpreted as reflecting an 

early, proactive activation of the stopping network (Jaffard et al., 2008).  

While the MFG activity seen proactively has been suggested to reflect setting up task 

rules in working memory (Leunissen et al., 2016), the pre-SMA activity might reflect 

preparation for the motor inhibition itself, for example by increasing response thresholds or 

lowering inhibition thresholds (Jahfari et al., 2012). For example, in a study by Jahfari, 

Stinear, Claffey, Verbruggen, and Aron (2010), TMS was administered to the primary motor 

cortex on various time points during both certain and uncertain go-trials, and motor evoked 

potentials (MEPs) were measured from the right hand. They found that corticomotor 

excitability was lower during uncertain go-trials than certain go-trials, evident before the go-

signal, indicating that response thresholds might be heightened as a part of a proactive 

braking mechanism. Insula activity has also been found proactively (Chikazoe et al., 2009; 

Jahfari et al., 2012), as well as during reactive inhibition (Chikazoe et al., 2009; Jahfari et al., 

2012; Leunissen et al., 2016). This insula activity is sometimes attributed to autonomic 

arousal related to stopping (or the anticipation of it; Aron et al., 2014), but might also reflect 

the proximity to the IFG regions (Aron et al., 2014; Hampshire et al., 2010). 
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1.3.1 Stop-signal probability modulates cortical activation during go-trials. The 

comparison of uncertain to certain go-trials has revealed activity in the stopping network 

assumed to be proactively activated. On the other hand, research separating the probability 

cue from the go-signal itself has revealed that some of this activity might in fact be associated 

with the lack of an actual stop-signal in go-trials (Vink, Kaldewaij, Zandbelt, Pas, & du 

Plessis, 2015; Zandbelt et al., 2013b). If proactive inhibitory control leads to an early 

activation of the stopping network, then increasing proactive inhibitory control as a result of 

increased stop-signal probability should yield a corresponding increase in the activity of this 

network before the actual presentation of the stop-signal. Alternatively, studies implementing 

a stop-signal paradigm with such increase in stop-signal probability have not found a similar 

increase in all of these regions, supporting the notion that some regions may be related to 

proactive adjustments triggered by the cue, while others might be associated with the go-

signal per se. 

Leunissen and colleagues (2016) used a cued stop-signal anticipation task (SSAT) in 

combination with fMRI to look at the effect of proactive inhibitory control on activity during 

go-trials. In this task, the participants watch a line bar moving upwards. On each trial, the 

participants press down a button to initiate the bar moving upward. On go-trials, the 

participants’ task is to release the button when the bar hits a target line. On stop-trials, the 

upwards moving bar will stop on its own prior to hitting the target, and the participants are 

supposed to inhibit the release of the button. Even though the SSAT requires the inhibition of 

a button release, and not a button press, this study and others using this paradigm (e.g., Vink 

et al., 2015), have found inhibition related activity comparable to results using the SST. 

Leunissen and colleagues (2016) compared go-trials where the stop-signal probability was 

60% to go-trials where the stop-signal probability was 40%. This comparison revealed 

activation in the bilateral IPC, precuneus, and the right superior frontal gyrus and MFG, but 

not in the pre-SMA and the IFG. Thus, while pre-SMA activity is often found when 

comparing uncertain to certain go-trials (e.g., Chikazoe et al., 2009; Swann et al., 2012), the 

results of Leunissen and colleagues (2016) indicates that this region is not modulated by 

increasing stop-signal probability.  

Zandbelt and colleagues (2013b) also used a version of the SSAT with cues indicating 

either a 0%, 25% or 35% stop-signal probability. Further, the cue was separated from the go-

signal with an average interval of approximately 4 seconds, making it possible to differentiate 
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cue period activity from the activity related to the dynamic bar-stimulus period in go-trials. 

During the cue period, go-trial activity in the supplementary motor cortex (SMC), the 

midbrain, and bilateral insula, in addition to bilateral striatum, increased as a function of stop-

signal probability. During the stimulus period, go-trial activity in the right IPC, right IFC and 

the MFG increased as a function of stop-signal probability. Further, the SMC showed greater 

effect of stop-signal probability during the cue period than the stimulus period, while the 

opposite was true for the rIPC and rIFC/MFG.  

Together, these results indicate that some of the activity found during go-trials might 

be cue-related, and thus reflect the proactive preparation per se, while the later activity of, for 

example, rIPC and rIFG might correspond more to the detection (or failure to detect) a stop-

signal. According to Zandbelt and colleagues (2013b), the rIPC and rIFG activation evident in 

go-trials might explain the violation of an expected stop-signal. That is, a higher stop-signal 

probability would lead to a greater expectation of a stop-signal occurring. Thus, in the event 

of no stop-signal, violation of stop-signal expectation should be greater in go-trials. This is in 

line with research reporting greater rIFG and rIPC activation during conditions with 

unexpected events (Gur et al., 2007), and that activation in these regions increases in parallel 

with the novelty or unexpectedness of an event (Shulman et al., 2009).  

 

1.3.2 The effect of stop-signal probability on stop-trial activity. The modulation of go-trial 

activation with increasing stop-signal probability indicates that proactive effects can be 

apparent during both the preparation to stop and, the detection (or failure to detect) of a stop-

signal. Because proactive control is triggered by the probability cue, and thus initiated before 

an eventual stop-signal, stop-trials should also be modulated by proactive inhibitory control. 

For example, Jahfari and colleagues (2012) found that conditions of proactive inhibitory 

control engaged the stopping network regardless of whether or not a stop-signal occurred on 

that trial. Further, the results suggested that proactive inhibitory control affects the frontal 

control over basal ganglia regions. In a cued stop-signal task (cues: 0%, 25% and 50%) the 

authors found that during conditions of low proactive control (25% stop-signal probability), 

the stop-trial prefrontal cortex (PFC) projections to the basal ganglia were stronger than when 

the proactive control was high (50% stop-signal probability). Thus, during stop-trial 

conditions of low proactive inhibitory control (i.e., 25% stop-signal probability) the basal 

ganglia were more dependent on top-down control to inhibit a response. However, when the 
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network had been prepared in advance due to high proactive inhibitory control (i.e., 50% 

stop-signal probability), there was less need for this top-down control. The pattern was not 

homogenous for the pre-SMA and rIFG. While the pre-SMA had a negative relationship with 

the basal ganglia regions (low pre-SMA activity was associated with high basal ganglia 

activity), the rIFG had a positive relationship with the basal ganglia regions (high rIFG 

activity was associated with high basal ganglia activity), and this pattern was stronger in the 

low proactive condition than in the high. Thus, these finding suggests that the rIFG and pre-

SMA stop-trial activity may not be modulated similarly by increased stop-signal probability. 

In addition to the effect of stop-signal probability on top-down control over the basal 

ganglia, basal ganglia regions might also be influenced by stop-signal probability. The 

aforementioned study by Leunissen and colleagues (2016) investigated stop-trial activity 

within regions of the basal ganglia. They found that there was an increase in right caudate 

activity in the high stop-signal probability condition compared to the low. The opposite result 

was found for the sub-thalamic nucleus (STN): this region showed an increased activation in 

the low proactive control condition. It has been suggested that reactive inhibition is 

implemented via the hyper-direct pathway through the STN of the basal ganglia to enable the 

fast inhibition required to stop the go-response (Jahanshahi, Obeso, Rothwell, & Obeso, 2015; 

Jahfari et al., 2012). Leunissen and colleagues (2016) proposes that during conditions of low 

proactive control, the stop-mechanism signalling the inhibition of a response may in fact use 

this hyper-direct pathway through the STN to enable the fast inhibitory mechanism necessary 

to inhibit the response. In contrast, if this stopping network is prepared in advance, there 

might be less need for this fast signalling, and the signalling might take a more indirect 

pathway through the caudate.  

The research thus indicates that there is a certain gain in neural processing associated 

with stop-trials during the conditions of proactive inhibitory control. This is evident by less 

need for frontal control by the rIFG and pre-SMA and indirect pathway signalling in the basal 

ganglia when the stop-signal probability is high. If this were the case, then one would expect a 

correlation between proactive activity and reactive activity in regions such as the rIFG and 

pre-SMA. This activity can be differentiated by activity elicited by the cue, and activity 

elicited by the stop-signal. Chikazoe and colleagues (2009), using a cued stop-signal task, did 

find that proactive activity was overall negatively correlated with reactive activity. This 

negative correlation could mean that a stronger activation proactively facilitates efficient 
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response inhibition by requiring less activity reactively, for example by increasing response 

thresholds in the basal ganglia (Jahfari et al., 2012), leading to decreased activation in these 

basal ganglia regions and perhaps increased response thresholds in the motor cortex (Jahfari 

et al., 2012). However, the degree of proactive control was not varied to see if this correlation 

was true for all regions across various stop-signal probabilities.   

 

1.4 The Present Study 

1.4.1 Research aim. The aim of the present study was to investigate how prior information 

about stop-signal probability influences go-trial and stop-trial activity in the cortex, and 

whether this activity is modulated by prior information about stop-signal probability. Overall, 

the research indicates an effect of stop-signal probability on both go-trial and stop-trial 

activity. Further, stop-signal probability seems to influence both proactive inhibitory activity, 

as triggered by the probability cue, and the activity associated with the go- or stop- trial itself. 

Previous research has mostly been focused on the proactive activity, and not the effect of 

stop-signal probability on the trial activity itself. Further, most of the research have used 

paradigms with only one stop-signal probability over zero, thus being unable to investigate 

the parametric effect of stop-signal probability on stop- and go-trial activity.  

The reviewed research suggests a domain-general approach to cognitive control, but 

that regions may have some degree of functional specialisation, evident by recurrent 

activations in the same regions during similar tasks. Although, this does not entail that any 

region serves one function only (i.e., modular approach), but rather, that the same regions 

contribute with the same functions across tasks requiring this function (Hampshire & Sharp, 

2015; Ridderinkhof et al., 2004). Thus, regions involved in cognitive control might have 

clearly defined functions to specific executive functions, such as response inhibition. The 

different regions should thus be modulated differently by different stop-signal probabilities 

based on their specific role in response inhibition. To test this, a cued stop-signal task was 

implemented in combination with fMRI. The cued SST consisted of three different cue 

conditions. A 0%-condition, a 25% condition, and a 66% condition, indicating a 

corresponding 0%, 25% and 66% probability of a stop-signal occurring in the trial following 

the cue. To see how these stop-signal probabilities affected response inhibition, eight 

predefined regions of interest (ROIs) were included in the analysis. These ROIs were the left 
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and right IFG, left and right MFG, left and right IPC, pre-SMA and ACC. Because of the 

proximity between IFG and insula, insula was not included as a separate region of interest, 

due to possible overlapping of activity. 

 

1.4.2 Hypotheses. Based on the reviewed literature, the following hypotheses were specified. 

Numbering for future referencing.  

Based on the increased proactive adjustments increased stop-signal probability yields, go-

RT is expected to increase as a consequence of trading speed in the go-trials for accuracy in 

the stop-trials. Further, the increased proactive adjustments might thus also lead to an increase 

in false alarm response time. Although the speed-accuracy trade-off implies an increase in 

stop-accuracy with higher proactive inhibitory control, the SSD adjustments according to the 

staircase procedure is assumed to counteract this increase, leading to an increase in SSD with 

increasing stop-signal probability. Thus; 

1) Increased stop-signal probability will lead to an increase in reaction times in the go-

trials, as well as an increased false alarm response time and SSD. 

In the cortex, reactive inhibition is expected to elicit activity in the stopping-network as 

defined in previous research; 

2) Reactive inhibition, as evident by comparing stop-trials to go-trials, is expected to be 

associated with activity in the bilateral IFG, bilateral IPC, bilateral MFG, pre-SMA, 

and the ACC. 

In go-trials, regions associated with working memory, maintenance of task rules and top-

down allocation of attention, such as the MFG should increase as an effect of increased 

likelihood of an upcoming stop-signal. Further, if the bilateral IFG and IPC activity 

previously reported during high probability go-trials are a result of violations of expectations 

of an upcoming stop-signal, these regions should also show increased activation with 

increasing stop-signal probability. In addition, pre-SMA activity is expected to increase from 

0% to 25% due to its association with motor inhibition preparation, but not from 25% to 66%. 

Lastly, no effect of stop-signal probability is expected for the ACC due to its role in error 

detection and conflict monitoring. Thus; 
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3) Increasing stop-signal probability is expected to lead to an increase in go-trial activity 

in bilateral IFG, bilateral MFG and bilateral IPC. Pre-SMA activity should increase 

from 0% to 25%, but not from 25% to 66%. No effect is expected on ACC activity. 

In stop-trials, it is expected that regions not involved in the detection of the stop-signal itself, 

and the modulations of task switching this detection warrants, should not differ from go-trial 

activity when increasing stop-signal probability. Thus, the MFG activity should increase with 

increasing stop-signal probability. Because of the proposed attentional role of the IFG and 

IPC, it is expected that these regions will show a decrease in stop-trial activation with 

increasing stop-signal probability based on the decreasing novelty of the upcoming stop-

signal. Further, pre-SMA activity should not differ between 25% and 66% conditions based 

on the role in task switching. Lastly, in line with the conflict-monitoring hypothesis, ACC 

activity is associated with error detection, and one possible assumption is that ACC activation 

should increase as more conflict that is detected. This should thus decrease with increasing 

stop-signal probability, because the stop-signal is less expected in the 25% condition. Thus; 

4) Increasing stop-signal probability is expected to lead to an increase in stop-trial 

activity in the bilateral MFG, a decreased stop-trial activity in the ACC, the bilateral 

IFG and IPC, and no effect on pre-SMA. 

Previous research has indicated that there might be a correlation between SSRT and cortical 

activity during response inhibition (Aron et al., 2014), although the exact direction and 

regions involved is not consistent. Further, in the cued stop-signal task, the go-RT slowing as 

a result of increased stop-signal probability is interpreted as a sign of increased proactive 

inhibitory control (Jahfari et al., 2010; Verbuggen & Logan, 2009). Thus, regions associated 

with this go-RT modulation might represent the cortical correlates of proactive inhibition. 

Thus, the following general prediction about a brain-behaviour relationship was specified: 

5) A correlation between SSRT and activity in the stopping network, as well as a 

correlation between go-RT differences between stop-signal probabilities and go-trial 

activity between stop-signal probabilities. 
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2 Materials and Methods 

2.1 Ethics 

The experiment was approved by the local ethics committee at the Department of Psychology, 

University of Oslo. Prior to participating in the study, all participants read and signed an 

informed consent form, and were informed that they could withdraw from the study at any 

time. The experiment was conducted in line with the WMA Declaration of Helsinki of 2013. 

 

2.2 Participants 

A total of 39 participants were recruited for the study. Of these, eight participants were 

excluded from further data analysis; five due to excessive movement in the scanner, one 

aborted the experiment due to discomfort during scanning, one participant misunderstood the 

task, and one participant reported left-handedness that was not noticed until after the 

completion of the experiment. This left a final sample of thirty-one healthy, right-handed 

participants (age: range = 20-39 years, M = 24.77, SD = 3.84; 22 female), all reporting normal 

or corrected-to-normal vision and no neurological or psychiatric disorders. Participants 

received a compensation of 200 NOK each for their participation.  

 

2.3 Design 

A cued stop-signal task with three levels of stop-signal probabilities was implemented in 

combination with fMRI image acquisition. The design was a 3 (stop-signal probability; 0%, 

25%, 66%) x 2 (condition; go, stop) within-subjects design. Dependent measures were 

behavioural measures of go-RT, SSRT, false alarm RT, SSD, and go- and stop-accuracy, in 

addition to fMRI BOLD signals. Note: electroencephalography (EEG) data were collected 

simultaneously with fMRI data, however, only the fMRI data will be presented in the current 

study.  
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2.4 Materials 

2.4.1 Setup. The experimental task was implemented using E-Prime 2.0 stimulus presentation 

software (Psychology Software Tools, Pittsburgh, PA), carried out on a Dell Precision T7160 

machine. During the scanning session, the experiment was presented on a 40” MR-compatible 

fiber optic screen (NordicNeuroLab, Bergen, Norway). The screen was located behind the 

scanner bore, and the participants viewed the screen through a mirror placed on the head coil, 

resulting in a viewing distance of approximately 1.2 meters. Screen resolution was 1920x1080 

with a 60 Hz refresh rate. Responses were made with MR compatible response grips in each 

hand (NordicNeuroLab, Bergen, Norway).  

 

2.4.2 Image acquisition. Structural and functional MR data were acquired from a 3.0 Tesla 

Philips Ingenia whole body MR scanner, equipped with a 32-channel Philips SENSE head 

coil (Philips Medical Systems, Best, the Netherlands). Each session started with a structural 

high resolution image using a T1 weighted sequence of 184 sagittal slices with a voxel size of 

1 x 1 x 2 mm, (field of view: 256 x 256 mm2 , acquisition matrix: 256 x 256, TE: 2.2 ms, TR: 

4.5, flip angle: 8°, no slice gap). The fMRI sequence was a BOLD-sensitive T2* weighted 

echo-planar imaging (EPI) sequence of 34 axial slices with a voxel size of 2.625 x 2.625 x 3.0 

mm (field of view: 210 x 210 mm2, acquisition matrix: 80 x 80, TE: 30 ms, TR: 2000 ms, flip 

angle: 80°, slice gap: 0.3 mm, interleaved acquisition). At the beginning of the fMRI 

sequence, three dummy scans were acquired to allow for the stabilization of the magnetic 

field. The whole MRI session, including calibration, structural and functional sequences, took 

approximately one hour and ten minutes.  

 

2.4.3 Task. The cued stop-signal task used in the experiment had a jittered, event-related 

design optimised for fMRI scanning. A visual representation of the task is presented in Figure 

1. The task consisted of 600 go- and stop- trials in total. These were divided over three 

different cue conditions: 0%, 25% and 66%. Specifically, the 0% condition consisted of 50 

go-trials, the 25% condition of 300 go-trials and 100 stop-trials, and the 66% condition of 50 

go-trials and 100 stop-trials. In addition to the 600 task-trials (i.e., go- and stop-trials), 150 

null-event trials were added to the design to ensure a random stimulus onset asynchrony 

(SOA). These events consisted of a 1500 millisecond presentation of the fixation cross. 
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Each task-trial started with a fixation cross with a duration jittered randomly between 

500-2400 milliseconds to vary the inter-trial interval. The fixation cross was followed by a 

cue informing about the stop-signal probability in the trial (i.e., 0%, 25% or 66%), with cue 

duration jittered randomly between 1000-2000 milliseconds. After the presentation of the cue, 

the go-signal was presented for 100 milliseconds, before the participant again was presented 

with the fixation cross for an additional 1400 milliseconds. Thus, the participants were given 

a 1500 milliseconds time window to make a response to the go-signal. Responses outside this 

timeframe were logged as a no-response. Go-signals consisted of either a left- or rightwards 

pointing green arrow, indicating the response-hand to be used (left or right, respectively).  

The stop-trials were identical to the go-trials with one exception; on stop-trials, blue 

arrows pointing in the same direction as the preceding go-signal (i.e., the stop-signal), was 

presented for 100 milliseconds with varying delays (SSD) after go-signal offset. For each 

participant, the SSD started at 300 milliseconds and was then dynamically adjusted using a 

staircase procedure. That is, the SSD was increased with 50 milliseconds if the previous stop-

trial resulted in successful inhibition (i.e., no response), and decreased with 50 milliseconds if 

the previous stop-trial resulted in unsuccessful inhibition (i.e., a response). The SSD was 

adjusted separately for each cue-condition, but collapsed for right and left.  

The 750 trials (task-trials and null-event trials) were divided into 10 experiment 

blocks, with a randomised presentation of trials across left and rightwards pointing arrows, 

cue-condition, go- and stop- condition and null-events. Each block lasted approximately six 

minutes. After each block, participants were presented feedback on their behavioural 

performance. If average go-RT for that block was above 600 milliseconds, the participants 

were presented the feedback “be faster”, if the average go-RT was below 600 milliseconds the 

participants were presented the feedback “well done”. The overall duration of the task was 

approximately one hour. 
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Figure 1: Visual representation of the cued stop-signal task. This figure illustrates an 

example go-trial (a) and stop-trial (b) with 25% stop-signal probability and rightwards 

pointing arrows.  ITI = inter-trial interval, ms = milliseconds, * indicates that the duration 

was jittered randomly within specified time interval. 

 

2.5 Procedure 

Before performing the experiment, all participants were provided with information about the 

nature of the task and the methods. All participants read and signed the informed consent 

form, prior to going through an MRI safety checklist. Because of the somewhat complex 

design of the task, each participant performed a training session to get familiar with the task 

before entering the scanner. All participants were instructed to refrain from moving during the 

scanning session. The scanning session consisted of an initial calibration sequence, before a 

structural T1 weighted image was performed, with a duration of approximately five minutes. 

The fMRI sequence was then initiated, and lasted approximately one hour. Following the 

completion of the experiment, participants were debriefed about the nature of the experiment.  

 

2.6 Analysis  

2.6.1 Behavioural data. The behavioural data was analysed in IBM SPSS Statistics for 

Windows, Version 24.0 (IBM Corp.). For each participant, the dependent variables were go-
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RT, go accuracy, SSRT, false alarm RT, SSD, and stop accuracy, estimated separately for all 

cue conditions.  

Go-RTs were estimated as the latency between the go-signal onset and the response, 

and the mean go-RT was calculated by taking the mean of all successful go-trials in each 

stop-signal probability condition. That is, any erroneous go-trials (i.e., where the response 

was made with the wrong hand relative to the arrow) were excluded from the mean 

calculation. Three go-RT mean estimates were estimated for each participant, one for each 

stop-signal probability condition. Go-accuracy was likewise calculated for all three stop-

signal probability conditions, as the number of successful trials relative to the total number of 

go-trials in each condition. False alarm RT, SSD, and SSRT were likewise estimated 

separately for the 25% and 66% conditions. False alarm RTs were estimated as the mean 

latency between the go-signal and the response for all stop-trials where the participants failed 

to inhibit the response. Mean SSD were calculated as the average SSD within each cue 

condition. Stop accuracy was estimated as the number of successful stop-trials relative to the 

total number of stop-trials in each cue condition. Lastly, because the behavioural results 

showed higher stop accuracy in the 66% condition than in the 25% condition, the SSRTs were 

estimated using the integration method. That is, the mean SSD was subtracted from the nth 

go-RT, where the nth go-RT is determined by multiplying the overall number of go-RTs with 

the overall stop-trial accuracy (Verbruggen & Logan, 2009a). 

 To investigate the predictions stated in Hypothesis 1, the following analyses were 

performed. To investigate whether increasing stop-signal probability led to an increase in go-

RT, indicating increasing proactive inhibitory control, a one-way repeated measures analysis 

of variance (ANOVA) with factor stop-signal probability with three levels (0%, 25%, and 

66%) was performed. Similarly, to see if stop-signal accuracy had an effect on accuracy in the 

go-trials, mean go-accuracy measures were subjected to a one-way repeated measures 

ANOVA with factor stop-signal probability with three levels (0%, 25%, and 66%).  

 To investigate the effect of stop-signal probability on the behavioural measures of 

stop-signal accuracy, false alarm RT, SSRT and SSD, the following paired sample t-tests 

were performed. Stop-signal accuracy in the 25% condition compared to stop-signal accuracy 

in the 66% condition, false alarm RT in the 25% condition compared to false alarm RT in the 

66% condition, SSRT in the 25% condition compared to SSRT in the 66% condition, and 

SSD in the 25% condition compared to SSD in the 66% condition. Lastly, the horse race 
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model assumes that the go- and stop-processes are independent. This entails that the mean go-

RT should be longer than mean false alarm RT. To test this, paired sample t-tests were 

performed to investigate the difference between go-RT and false alarm RT in the 25% 

condition, and between go-RT and false alarm RT in the 66% condition.  

 

2.6.3 fMRI data. Raw fMRI data were converted to NIFTI using MRIConvert 2.1.0 (Lewis 

Center for NeuroImaging, University of Oregon).  

Pre-processing. All pre-processing steps were performed with SPM12 software (Wellcome 

Trust Centre for NeuroImaging, Institute of Neurology at University College London, UK), 

running under MATLAB r2016a (The MathWorks Inc., Natick, MA). Functional images were 

realigned to the first image using a 5th degree B-spline interpolation, and resliced. Slice timing 

correction to adjust for time acquisition delays was performed using the central slice as 

reference. Functional images were co-registered to the structural image, and then segmented 

and normalised to the Montreal Neurological Institute (MNI) standard space, using linear and 

non-linear deformations. Lastly, functional images were smoothed using a 6 mm full width at 

half maximum (FWHM) Gaussian kernel. The estimated motion parameters were inspected to 

ensure that relative motion (between adjacent time points) did not exceed half the voxel size. 

As previously mentioned, five participants were excluded. 

Analysis: First level statistical analysis was performed in SPM12 in an event-related design 

using the general linear model (GLM) framework. The following conditions were included in 

the model: cues, successful go-trials, erroneous go-trials, successful stop-trials, false alarms, 

null-events and feedback. Go- and stop-trials were modelled at go-signal onset and stop-

signal onset, respectively, while false alarms were modelled at response onset. In addition, six 

estimated motion parameters from the realignment procedure were included to correct for 

head movement. Task events were modelled as zero-duration events, with the exception of 

feedback, which were modelled with a 20-second duration, convolved with a canonical 

hemodynamic response function (HRF). To account for slow-frequency drifts, a high-pass 

filter with cut-off at 128 seconds was implemented.  

The conditions of interest were the successful stop-trials in the 25% condition and the 

66% condition (hereby referred to as stop25 and stop66), and the successful go-trials in the 

0%, 25% and 66% condition (hereby referred to as go0, go25, and go66). To explore the 
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activity evoked during reactive inhibition, a stop > go t-contrast was created for each 

participant. That is, the collapsed activity in the stop25 and stop66 conditions were compared 

against the collapsed activity in the go25 and go66 condition (hereby referred to as global 

whole-brain analysis). The resulting t-maps from all participants were then subjected to a 

group-level random effects analysis, where a one-sample t-test was used on the sample 

contrast images. Resulting t-value maps were analysed using cluster-level inferences, with a 

height threshold of p < .001, and cluster probability of p < .05 (FWE). 

 ROI analysis was performed via the MarsBaR ROI toolbox version 0.44 for SPM 

(Brett, Anton, Valabregue, & Poline, 2002). Eight ROIs were built as spheres with a six-

millimetre radius from local maxima coordinates provided from relevant previous studies (see 

Table 1). A visual representation of ROI locations is presented in Figure 2. For each 

participant, mean beta values were extracted from each ROI for the go0, go25, go66, stop25 

and stop66 conditions. HRF fitted event time courses were extracted from the same 

conditions. These time courses were meant as supplementary visualisations of the effects, and 

thus no analyses were performed on this data. The extracted mean beta values were exported 

to IBM SPSS Statistics for Windows, Version 24.0 (IBM Corp.) for statistical analysis.  

 

Table 1: Peak Local Maxima Coordinates of ROIs 

Region MNI Coordinates (x, y, z) Reference 

Left IFG -36, 16, -4 Hampshire et al. (2010) 

Right IFG 42, 18, -6 Hampshire et al. (2010) 

Left IPC -50, -48, 44 Hampshire et al. (2010) 

Right IPC 50, 42, 48 Hampshire et al. (2010) 

Left MFG -42, 17, 25 Lavallee et al. (2014) 

Right MFG 48, 17, 31 Lavallee et al. (2014) 

Pre-SMA 0, 22, 46 Hampshire et al. (2010) 

ACC 2, 24, 24 Sharp et al. (2009) 

Note. IFG = inferior frontal gyrus, IPC = inferior parietal cortex, MFG = middle frontal gyrus, 

pre-SMA = pre-supplementary motor area, ACC = anterior cingulate cortex.  
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Figure 2: Visualization of regions of interest (ROIs) for the analysis, overlaid on template 

brain. ROIs were built as spheres with a 6 mm radius. Bilateral IFG in blue, bilateral MFG in 

pink, bilateral IPC in green, ACC in yellow, and pre-SMA in red. 

 

To see if the paradigm yielded activation in regions previously reported during 

response inhibition (Hypothesis 2), beta values for go and stop were calculated by averaging 

together the beta values for go25 and go66, and stop25 and stop66, respectively. These values 

were then subjected to a 2(condition; stop, go) x 8(ROI; lIFG, rIFG, lIPC, rIPC, lMFG, 

rMFG, pre-SMA, ACC) repeated measures ANOVA (hereby referred to as global ROI 

analysis).  

As the main interest of the present study was the effect of stop-signal probability on 

go-trial and stop-trial activity, rather than the difference between the go and stop, the 

remaining analyses were performed on go-trials and stop-trials separately. This approach also 

made it possible to look at all three levels of stop-signal probability in go-trials. To see how 

stop-signal probability affects go-trial brain activity (Hypothesis 3), a 3(stop-signal 
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probability; 0, 25, 66) x 8(ROI; lIFG, rIFG, lIPC, rIPC, lMFG, rMFG, pre-SMA, ACC) 

repeated measures ANOVA was performed with go beta values as the dependent variable. To 

see how stop-signal probability affected the brain activity in the stop-trials (Hypothesis 4), a 

2(stop-signal probability; 25, 66) x 8(ROI; lIFG, rIFG, lIPC, rIPC, lMFG, rMFG, pre-SMA, 

ACC) repeated measures ANOVA with stop beta values as the dependent variable was 

performed. 

Because of the general prediction considering brain-behaviour relationships 

(Hypothesis 5), analyses were conducted to investigate if the paradigm yielded relationships 

similar to what have previously been reported in the literature. To investigate the relationship 

between SSRT and brain activity, two-tailed bivariate correlations between ROI mean beta 

values for all regions and the SSRT for both stop-signal probability conditions (25% and 

66%) were conducted. Alpha level was adjusted to α = .05/(8x2) = .003. Further, two whole-

brain analyses, one for each stop-signal probability (25% and 66%) were performed with 

SSRT included as a covariate of interest. That is, for the 25% condition, first level contrast 

images of stop25 > go25 from all participants were subjected to a random effects multiple 

regression analysis with the SSRT in the 25% condition from each participant as a covariate 

of interest. This was then repeated for the 66% condition. Resulting t-value maps were 

analysed using cluster-level inferences, with a height threshold of p < .001, and cluster 

probability of p < .05 (FWE). 

To investigate which cortical regions might correlate with the go-RT modulation 

induced by increased stop-signal probability, the difference between go-trial reaction times in 

the go25 and go0 condition was calculated, as was the difference between go-trial reaction 

times in the go66 and go0 condition. Likewise, the difference between ROI beta values in the 

go25 and the go0 condition, as well as the difference between ROI beta values in the go66 

and the go0 condition were calculated. The estimated difference between the go-RT 

difference in the 25% and the 0% condition was then correlated with the estimated difference 

in ROI beta values between the go25 and go0 condition, using two-tailed, bivariate 

correlations. Likewise, this correlation procedure was repeated for the difference in go-RT 

and ROI beta value between the 66% and the 0% conditions. Alpha level was corrected for 

number of tests to α = .05/(8x2) = .003. These correlation analyses were further 

complemented by two whole-brain random effects, multiple regression analysis. For each 

stop-signal probability difference, corresponding first-level contrast images of either go25 > 
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go0 and go66 > go0 were subjected to a group-level multiple regression analysis with the 

corresponding go-RT difference as a covariate of interest. Resulting t-value maps were 

analysed using cluster-level inferences, with a height threshold of p < .001, and cluster 

probability of p < .05 (FWE). 

All ANOVAs are reported with partial eta squared effect sizes (p
while all t-tests 

are reported with Cohens d (d). The Cohen’s d is calculated based on Cumming’s (2012) 

guidelines for calculating effect size for within-subjects effects. According to Cohen (1988, in 

Field, 2013), the partial eta squared can be interpreted according to following criteria: 0.01 = 

small, 0.06 = medium, 0.14 = large. Cohen’s d can be interpreted as follows: 0.2 = small, 0.5 

= medium and 0.8 = large.  
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3 Results 

3.1 Behavioural Results 

A summary of behavioural means and standard deviations are listed in Table 2.  

3.1.1 Go-trials. To test whether increasing stop-signal probability led to an increase in go-

RT, indicating increased proactive inhibitory control, a one-way repeated measures ANOVA 

with stop-signal probability as factor and go-RT as dependent variable was conducted. 

Mauchly’s test revealed that the assumption of sphericity had been violated, χ2 (2) = 17.46, p 

< .001, therefore, Greenhouse-Geisser corrected estimates are reported. There was a 

significant effect of stop-signal probability on go-RT, F(1.38, 41.31) = 81.31, p < .001, 

p
. Post hoc tests using Bonferroni correction revealed that there was an increase in 

go-RT from 0% stop-signal probability to the 25% stop-signal probability, and this increase 

was significant t(29) = -9.39, p < .001, d = -1.95. A similar increase was found from the 25% 

stop-signal probability to 66% stop-signal probability, and this was significant, t(29) = -5.90, 

p < .001, d = -0.74. Thus, as evident by Figure 3a, there was a significant increase in go-RT as 

a function of stop-signal probability.  

The assumption of sphericity was violated for the go-accuracy measures, χ2 (2) = 

16.05, p < .001, thus Greenhouse-Geisser corrected estimates are reported. The repeated 

measures ANOVA to test if stop-signal probability had an effect on go-trial accuracy did not 

reach significance, F(1.40, 42.11) = 3.13,  p = .071, p
indicating no significant effect 

of stop-signal probability on go-trial accuracy. 

 

3.1.2 Stop-trials. Further behavioural results showed that the false alarm reaction time 

increased with increasing stop-signal probability, t(30) = -6.82, p < .001, d = -0.84. Further, in 

line with assumption of the horse race model, the false alarm reaction time was significantly 

longer than the go-RT in both the 25% condition, t(30) = -10.16, p < .001, d = -0.79, and in 

the 66% condition, t(30) = -7.17, p < .001, d = -0.78. Interestingly, the paradigm yielded a 

significant increase in stop-trial accuracy from the 25% to the 66% condition, t(30) = -3.62, p 

= .001, d = -0.52. There was no difference in SSRT between the two conditions, t(30) = -1.56, 

p = .130, d = -0.31. Lastly, the SSD increased significantly with increasing stop-signal 

probability, t(30) = -6.90, p < .001, d = -0.76, indicating that the inhibition task was on 
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average easier in the 66% condition than in the 25% condition. Overall, the behavioural 

results showed a clear effect of stop-signal probability and the speed-accuracy trade-off, 

confirming Hypothesis 1. 

 

Table 2. Behavioural data 

 
Stop-signal probability condition 

  0 % 25 % 66 % 

Go-trial RT (ms) 443.91 (65.61) 620.56 (115.67) 725.41 (166.40) 

Go-trial accuracy (%) 95.81 (4.30) 97.81 (2.79) 96.51 (5.22) 

SSRT (ms)  -  253.30 (61.96) 282.01 (121.55) 

SSD (ms)  -  364.10 (125.79) 465.59 (140.88) 

False alarm RT (ms)  -  541.93 (84.45) 620.56 (115.67) 

Stop-trial accuracy (%)  -  49.97 (9.12) 55.01 (10.47) 

Note. Table shows means of behavioural measures for each probability condition. Standard 

deviations are presented in the parentheses. RT = reaction time, SSRT = stop-signal reaction 

time, ms = milliseconds. 

 

Figure 3: Reaction times (ms; milliseconds) in go-trials (left) and stop-trials (right). 

Significant differences marked with ** (p < .001). Error bars represent 95% confidence 

intervals, adjusted for within-subjects design. 

 

 

0.00

200.00

400.00

600.00

800.00

0% 25% 66%

g
o

-R
T

 (
m

s)

Stop-signal probability

**
**

0.00

100.00

200.00

300.00

400.00

25% 66%

S
S

R
T

 (
m

s)

Stop-signal probability



28 

 

3.2 Imaging Results 

3.2.1 Global ROI analysis. A summary of the global ROI analysis statistics are presented in 

Table 3. Mauchly’s test revealed that the assumption of sphericity had been violated for the 

main effect of ROI (χ2(27) = 41.79, p = .036), and for the interaction effect (χ2(27) = 55.27, p 

= .001), thus Greenhouse-Geisser corrected estimates are reported for these effects. The 

ANOVA revealed a significant main effect of ROI, F(4.93, 148.01) = 21.88, p < .001, p
 = 

0.42, and of condition, F(1, 30) = 6.06, p = .020, p
 = 0.17. The interaction effect between 

condition and ROI was also significant, F(4.82, 144.54) = 4.52, p = .001, p
 = 0.13, 

indicating that the effect of stop-signal probability is dependent on the ROI. Bonferroni 

corrected post hoc tests revealed that there was significantly more activation during stop-trials 

than go-trials in the lIFG (t(30) = 2.96, p = .006, d = 0.40), the rIFG (t(30) = 3.39, p = .002, d 

= 0.45), the lIPC (t(30) = 2.97, p = .006, d = 0.44), and the rIPC (t(30) = 2.77, p = .010, d = 

0.33). For the bilateral MFG, pre-SMA and the ACC this difference did not reach significance 

(p > .05) although bilateral MFG and pre-SMA yielded close-to-significant p-values and 

small effect sizes (see Table 3). 

 

Table 3. Global ROI analysis 

                Mean (SD)       

ROI Stop Go t(30) p d 

left IFG 1.59 (0.87) 1.28 (0.68) 2.96 .006 0.40 

right IFG 2.10 (1.08) 1.68 (0.76) 3.39 .002 0.45 

left IPC 0.66 (0.56) 0.42 (0.55) 2.97 .006 0.44 

right IPC 1.25 (1.02) 0.94 (0.83) 2.77 .010 0.33 

left MFG 0.56 (0.88) 0.33 (0.69) 1.97 .059 0.28 

right MFG 1.65 (1.27) 1.37 (0.79) 1.88 .070 0.28 

pre-SMA 1.59 (1.23) 1.33 (0.89) 1.78 .086 0.24 

ACC 0.27 (1.05) 0.40 (0.71) -1.12 .273 -0.15 

Note. Values estimated by the average of the mean beta value for the 25% and 66% condition 

for each condition (go, stop). Bonferroni corrected p-values. 

 

3.2.2 Global Whole-brain analysis. To support the findings from the global ROI analysis, a 

whole-brain analysis contrasting the stop25 and stop66 conditions with the go25 and go66 

conditions was performed (global whole-brain analysis). Cluster-level inference revealed 
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significant activity in bilateral IFG, right MFG and right superior parietal lobe (all p < .05), in 

line with previous literature (Aron & Poldrack, 2006; Jahfari et al., 2010). See Table 4 for all 

significant activated clusters, visually displayed in Figure 4 and Figure 5. The findings from 

the whole-brain analysis complemented the global ROI analysis, and together these analyses 

revealed response inhibition activity in bilateral IFG, bilateral MFG, and bilateral IPC, in line 

with Hypothesis 2. Interestingly, Hypothesis 2 was not confirmed regarding activity in the 

pre-SMA and ACC. 

Table 4. Activated clusters contrasting stop > go collapsed over stop-signal probability. 

Region X (mm) Y (mm) Z (mm)   Z Cluster Extent 

R Middle Occipital Gyrus 45 -76 2 5,57      965 

L Middle Occipital Gyrus -45 -76 8 5,38      167 

L Angular Gyrus -57 -58 29 4,89      179 

L Middle Frontal Gyrus -39 20 50 4,47      64 

R Inferior Frontal Gyrus 36 17 -19 4,34      79 

L Inferior Frontal Gyrus -30 23 -16 4,26      95 

R Middle Frontal Gyrus 45 29 41 4,26      126 

Note. MNI coordinates. Anatomical labelling by the SPM Anatomy toolbox (Eickhoff et al., 

2005). Height threshold of p < .001, cluster probability of p < .05 (FWE). R = right, L = left. 

 

Figure 4: Whole brain analysis results overlaid on mean anatomical image of all 

participants. The results revealed significant activity in bilateral IFG and bilateral MFG, in 

addition to more posterior activation. Height threshold of p < .001, cluster probability of p < 

.05 (FWE). Colour scale in t-value units. 
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Figure 5: Whole-brain analysis results overlaid on mean anatomical image of all 

participants. Above: significant clusters in the occipital lobe and bilateral IFG. Below: 

significant clusters in occipital gyrus, angular gyrus and bilateral MFG. Height threshold of 

p < .001, cluster probability of p < .05 (FWE). Colour scale in t-value units. z-coordinates 

marked in blue on each slice.  

 

3.2.3 Go-trials. To investigate the effect of proactive control on go-trial activity (Hypothesis 

3), a 3(stop-signal probability; 0%, 25%, 66%) x 8(ROI; lIFG, rIFG, lIPC, rIPC, lMFG, 

rMFG, preSMA, ACC) repeated measures ANOVA was performed with go beta values as the 

dependent variable. Mauchly’s test revealed that the assumption of sphericity had been 

violated for the interaction effect, χ2(104) = 151.45, p = .003, and the main effect of ROI, 

χ2(27) = 42.02, p = .034. Therefore, Greenhouse-Geisser corrected estimates are reported for 

these measures. The ANOVA revealed a significant main effect of stop-signal probability, 

F(2, 60) = 6.89, p = .002, p
 and ROI, F(5.15, 154.39) = 16.46, p < .001, p

. 

Further, there was a significant interaction between stop-signal probability and ROI, F(7.92, 

237.58) = 4.22, p < .001, p
, indicating that the go beta values across ROIs differed 

depending on stop-signal probability. Hypothesis 3 made specific predictions about how each 

ROI would vary with stop-signal probability. Thus, Bonferroni corrected pairwise 

comparisons was conducted on the differences between each stop-signal probability for the 

different ROIs. All comparisons can be found in Table 5. Interestingly, as evident by Figure 6 
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and Table 4, the interaction effect was due to a u-shaped trend, with lower activity in the go25 

than the go0 and go66 conditions. For example, the bilateral IPC showed a significant 

decrease in brain activity from the go0 to the go25 condition, and a significant increase from 

go25 to the go66 condition (all p < .05, see Table 5 for exact p-values and effect sizes). 

Moreover, the bilateral IFG and right MFG showed significant increases from the go25 to the 

go66 condition (all p < .05, see table 5 for exact p-values and effect sizes; Additional post-hoc 

test comparing the different effects of ROI within each stop-signal probability are presented 

in table A.1 in the appendix). These results run counter to Hypothesis 3 and previous 

literature. The HRF fitted event time courses (Figure 7) revealed a similar trend as the beta 

values, and is thus not interpreted further. 

 

Figure 6: Interaction effect of stop-signal probability and ROI on go-trial beta values. Error 

bars represent 95% confidence intervals, adjusted for within-subjects design. 
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Table 5: Pairwise comparisons of go beta values between each stop-signal probability 

condition, for each ROI. 

 Comparison Mean (SD)    

ROI 1 2 1 2  t(29) p  d 

left IFG 0 % 25 % 1.34 (0.98) 1.04 (0.64) 1.70 .296 0.37 

 0 % 66 % 1.34 (0.98) 1.52 (0.96) -0.88 1.00 -0.19 

 25 % 66 % 1.04 (0.64) 1.52 (0.96) -2.97 .017* -0.61 

right IFG 0 % 25 % 1.67 (1.29) 1.34 (0.89) 1.76 .263 0.31 

 0 % 66 % 1.67 (1.29) 2.03 (0.92) -1.66 .319 -0.32 

 25 % 66 % 1.34 (0.89) 2.03 (0.92) -3.88 .002* -0.76 

left IPC 0 % 25 % 1.22 (0.85) 0.17 (0.48) 7.07 .000* 1.58 

 0 % 66 % 1.22 (0.85) 0.67 (0.76) 3.28 .008* 0.68 

 25 % 66 % 0.17 (0.48) 0.67 (0.76) -4.46 .000* -0.81 

right IPC 0 % 25 % 1.34 (1.20) 0.69 (0.76) 4.63 .000* 0.66 

 0 % 66 % 1.34 (1.20) 1.2 (1.01) 0.79 1.00 0.13 

 25 % 66 % 0.69 (0.76) 1.2 (1.01) -4.36 .000* -0.57 

left MFG 0 % 25 % 0.45 (1.38) 0.31 (0.56) 0.71 1.00 0.15 

 0 % 66 % 0.45 (1.38) 0.36 (1.02) 0.36 1.00 0.08 

 25 % 66 % 0.31 (0.56) 0.45 (1.38) -0.29 1.00 -0.06 

right MFG 0 % 25 % 1.4 (1.12) 1.11 (0.85) 2.34 .078 0.30 

 0 % 66 % 1.4 (1.12) 1.63 (0.94) -1.40 .518 -0.22 

 25 % 66 % 1.11 (0.85) 1.63 (0.94) -3.34 .007* -0.57 

pre-SMA 0 % 25 % 1.61 (1.27) 1.16 (0.78) 2.45 .060 0.44 

 0 % 66 % 1.61 (1.27) 1.51 (1.25) 0.43 1.00 0.09 

 25 % 66 % 1.16 (0.78) 1.51 (1.25) -1.75 .270 -0.34 

ACC 0 % 25 % 0.66 (1.10) 0.42 (0.76) 1.25 .664 0.25 

 0 % 66 % 0.66 (1.10) 0.38 (0.86) 1.27 .646 0.28 

  25 % 66 % 0.42 (0.76) 0.38 (0.86) 0.31 1.00 0.05 

Note. Bonferroni corrected pairwise comparisons. Significant effects marked with * (p < .05) 

Figure 7: HRF fitted event time courses for the rIFG (left), and pre-SMA (right). 

-0.05

0

0.05

0.1

0.15

0.2

0.25

0.3

0 5 10 15 20 25 30P
er

ce
n
t 

si
g
n
al

 c
h
an

g
e

Seconds

0 % 25 % 66 %

-0.05

0

0.05

0.1

0.15

0.2

0.25

0 5 10 15 20 25 30P
er

ce
n
t 

si
g
n
al

 c
h
an

g
e

Seconds

0 % 25 % 66 %



33 

 

3.2.4 Stop-trials. To investigate the effect of proactive inhibitory control on stop-trial activity 

(Hypothesis 4), a 2(stop-signal probability; 25%, 66%) x 8(ROI; lIFG, rIFG, lIPC, rIPC, 

lMFG, rMFG, preSMA, ACC) repeated measures ANOVA with stop-trial beta values as 

dependent variable was performed. Mauchly’s test revealed that the assumption of sphericity 

had been violated for the interaction effect (χ2(27) = 67.72, p < .001) and the main effect of 

ROI (χ2(27) = 45.12, p = .017), therefore, Greenhouse-Geisser corrected estimates are 

reported for these effects. The interaction effect between stop-signal probability and ROI did 

not reach significance, F(3.98, 119.51) = 2.11, p = .084, p
, but there was a 

significant main effect of both stop-signal probability, F(1, 30) = 15.26, p < .001, p
, 

and ROI F(4.67, 139.94) = 21.34, p < .001, p
. The latter effect revealed that there 

was significantly higher activity in the stop66 condition than in the stop25 condition (see 

Figure 8a), contradicting predictions from Hypothesis 4. For the main effect of ROI, 

Bonferroni corrected post hoc tests revealed a right-lateralised trend. All comparisons are 

presented in table A.2 in the appendix. Relevant comparisons are marked in Figure 7b. The 

right-lateralised trend was due to higher activity in the right IPC than the left IPC (t(24) = -

3.65, p = .027, d = -0.74), and in the right MFG than the left MFG, (t(24) = -4.73, p = .001, d 

= -1.02). On the other hand, this was not true for the left and right IFG, (t(24) = -3.32, p = 

.066, d = -0.52), although yielding a medium effect size. Further paralleling the global ROI 

and whole-brain analyses, the ACC showed overall low activity, with significantly lower 

activity than the lIFG, rIFG, rIPC, rMFG and pre-SMA (all p < .05, see Table A.2 in 

Appendix for exact p-values and effect sizes). 

 

3.2.5 Brain-behavior correlations. Bivariate correlations investigating the relationship 

between ROIs and SSRT did not reveal significant relationships in either the stop25 condition 

or the stop66 condition (p > .003). Whole-brain analyses did not reveal any significant 

clusters surviving the alpha threshold of p < .05 (FWE) in either the stop25 condition or the 

stop66 condition.    

Neither of the one-tailed bivariate correlations between ROI go beta values and go-RT 

differences reached significance (p > .003). Exploratory whole brain analysis revealed that the 

difference in go-RT between the 66% and the 0% condition was significantly negatively 

correlated with activation in the cerebellar vermis, extending to the cerebrospinal fluid (see 
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Table 6). The whole-brain analysis for the difference between the 25% and 0% condition did 

not yield any significantly correlated clusters. 

a) 

b)  

Figure 8: a) Main effect of stop-signal probability on stop-trial beta values. b) Main effect of 

ROI on stop-trial beta values. Significant comparisons of interest are marked with * (p < .05) 

and **(p < .001). NS = not significant. Error bars represent 95% confidence intervals, 

adjusted for within-subjects design. For a full overview over all significant comparisons, see 

Appendix Table A.2. 

 

Table 6. Activated clusters showing a significant correlation between go-trial activity and 

go-RT for the 66% vs 0% comparison 

Region X (mm) Y (mm) Z (mm) Z Cluster Extent 

Cerebellar Vermis 0 -46 2 5.03 44 

Note. Activated clusters with cluster threshold of p < .05 (FWE). Labelling by SPM12 

Anatomy Toolbox (Eickhoff et al., 2005). 
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4 Discussion 

The aim of the present study was to investigate the effect of prior information about stop-

signal probability on response inhibition. To investigate this, a cued stop-signal task was 

implemented in combination with fMRI data acquisition. In line with previous research and 

Hypothesis 1, increasing stop-signal probability led to an increase in go-RT, indicating 

increasing proactive inhibitory control (e.g., Verbruggen & Logan, 2009b). The imaging 

results revealed response inhibition associated activity in bilateral IFG, bilateral IPC and 

bilateral MFG, corresponding to findings of previous research (Aron & Poldrack, 2006; 

Chikazoe et al., 2007; Li et al., 2006). Interestingly, contradicting predictions of Hypothesis 2, 

no response inhibition activity was evident in the pre-SMA and ACC. Although the go-trial 

ROI analysis replicated previous findings by showing a significant increase in bilateral IFG, 

bilateral IPC, and right MFG activity from the 25% to 66% condition, in line with predictions 

in Hypothesis 3, the same increase was not found from the 0% to the 25% condition. In fact, 

this comparison revealed significant decrease in bilateral IPC activity, and a decrease yielding 

close-to-medium sized effects for the bilateral IFG, right MFG and pre-SMA.  

Contrary to predictions in Hypothesis 4, the stop-trial ROI analysis did not yield a 

significant interaction between ROI and stop-signal probability, although significant main 

effects revealed overall higher activity in the 66% than the 25% condition and a right-

lateralised trend. The predictions about brain-behaviour relationships stated in Hypothesis 5 

was not revealed to be true either: the correlations between SSRT and brain behaviour did not 

reveal any significant results. Although some previous research has found a negative 

correlation between SSRT and frontal regions (Galvan et al., 2011; Whelan et al., 2012), this 

is not always the case (Erika-Florence et al., 2014; Hampshire et al., 2010). Thus, the lack of 

correlation between brain activity and SSRT in the present study may reflect the 

inconsistency already evident in the response inhibition literature. The whole-brain analysis 

for the difference between the go-trial activity and go-RT in the 66% and 0% condition 

revealed a cluster extending to the cerebrospinal fluid, while no significant clusters were 

revealed for the difference between the 25% and 0% condition. 

Overall, the results showed an effect of stop-signal probability on cortical brain 

activity during response inhibition. In go-trials, the ROI activity was modulated in various 

degrees, possibly based on their functional role during the various stop-signal probability 

conditions of the task. In stop-trials, the whole network demonstrated higher activity in the 
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66% than in the 25% condition, however, the predictions about regional differences stated in 

Hypothesis 4 did not come true. Further, even though the stop-trial activity showed a right-

lateralised trend across stop-signal probabilities, there was no difference between right and 

left IFG activity. Nevertheless, the results lend further support to the theory of domain-

general cortical regions associated with cognitive control. 

 

4.1 Go-trial Activity 

The behavioural results demonstrated an increase in go-trial reaction time as a function of 

stop-signal probability. This finding has been attributed to an increase in proactive inhibitory 

control (e.g., Verbuggen & Logan, 2009b). That is, emphasis on speed in conditions of low 

proactive inhibitory control is exchanged for emphasis on accuracy in conditions of high 

proactive control, leading to an increased response time. Interestingly, the go-trial activity did 

not show a similar linear increase, but rather a decrease (or lack of increase) in activity from 

the 0% to the 25% condition, followed by an increase from the 25% to the 66% condition. 

This mismatch between go-trial reaction time and go-trial brain activity indicates that the 

different stop-signal probability conditions might have recruited different performance 

strategies. 

 

4.1.1 Response certainty recruits activity facilitating speedy responses. The 0% condition 

explicitly tells the participant that he or she does not have to proactively prepare for an 

upcoming inhibition. Thus, the decrease in go-trial activity from the 0% to the 25% condition 

might reflect decreasing processes elicited by the certainty of the 0% condition. That is, the 

certainty of a motor execution might lead to greater recruitment of processes facilitating fast 

responses, such as attentional resources and motor preparation targeted towards the detection 

of a go-signal (Ball et al., 2000). The added uncertainty in the 25% condition might lead to 

less activation of these go-specific processes. This is consistent with the findings of Jahfari 

and colleagues (2010), which showed that in certain go-trials the corticomotor excitability 

was higher than in uncertain go-trials, indicating lower response thresholds. In the present 

study, this presumed motor response facilitation was evident in the activity increase in the 

bilateral IPC in the 0% condition compared to the 25% condition.  
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 The increase in bilateral IPC activity in the 0% compared to the 25% condition might 

reflect top-down and bottom-up allocation of attention to the detection of a go-signal. That is, 

just as the 66% is assumed to elicit top-down allocation of attention to the detection of a stop-

signal, the 0% cue might elicit the same processes governing the detection of the go-signal. It 

has been proposed that the rIPC is involved in the maintenance of attentional control on 

current task goals (Singh-Curry & Husain, 2009), as well as the assumed role in the ventral 

attentional system in bottom-up detection of salient events (Corbetta & Shulman, 2002). 

Further, the IPC might also have a more direct role in motor preparation. For example, in a 

study by Ball and colleagues (2000) using a combination of EEG, EMG and fMRI techniques, 

it was evident that bilateral IPC activity occurred before the onset of the EMG potentials 

recorded when the participant moved their finger in a self-paced speed, in line with a role in 

pre-motor preparation. Although, it should be noted that this study had a relatively small 

sample size, and the results were not evident in all participants.  

 Further, although not significant, the bilateral IFG, rMFG and pre-SMA decrease from 

the 25% to the 0% condition yielded close to medium sized effects (see Table 5). Moreover, 

there was no significant difference between these regions and the bilateral IPC region in the 

0% condition (Table A.1), lending further support to their possible contribution in the 

facilitation of the go-response. Because this decrease from the 0% to the 25% condition is 

surprising considering previous research showing a consistent increase in go-trial activity 

from certain to uncertain go-trial conditions (e.g., Jahfari et al., 2012; Zandbelt et al., 2013b), 

it will be discusses shortly. It has been debated whether the rIFG activity specifically reflects 

response inhibition or a more general attention role in response inhibition paradigms. In the 

modular approach to response inhibition, the rIFG activity associated with proactive 

inhibitory control have been suggested to reflect a partial braking effect, by increasing motor 

response thresholds (Aron et al., 2014; Wessel et al., 2013). If this were the case, then one 

would expect an increase in activity from a condition were no braking is necessary (i.e., the 

0% condition) to a condition requiring motor braking due to increased probability of a 

potential need to stop (i.e., the 25% condition). No such increase was observed in the current 

study. According to a modular approach, rIFG activation is present during inhibition only. 

Thus, the lack of effect could necessarily not reflect the fact that the rIFG is involved in 

bottom-up detection of the go-signal due to the behavioural relevance of this in the 0% 

condition and the 25% condition. Alternatively, it has been argued that any salient and 

unexpected stimulus will recruit some degree of inhibition (Aron et al., 2014), possibly 
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explaining the lack of difference in rIFG activity between the 0% and the 25% condition. On 

the other hand, the go-signal in the 0% condition can hardly be perceived as a surprising 

element, given that it is present in every trial. In line with his latter notion, Hampshire and 

colleagues (2010) did not find a difference in activity between bilateral IFG activation during 

conditions of inhibition compared to conditions of responding. On the other hand, the activity 

was significantly higher when compared to conditions of counting, indicating that it is not the 

unexpectedness, nor the inhibition that recruits IFG activity, but rather a general attentional 

mechanism due to the salience and behaviourally relevance of events. Furthermore, in the 

present study there were no significant difference between rIFG and lIFG activation in either 

of the stop-signal probability conditions (all significant effects are listed in Table A.1). 

Together, these results run contrary to the modular approach to response inhibition by 

showing that proactive inhibitory control is not necessarily dependent on rIFG activity. 

 In the speed-accuracy trade-off, it has been suggested that to facilitate a fast response 

in conditions requiring speed, frontal signalling leads to higher baseline activity in the basal 

ganglia, requiring less activity to exceed response thresholds (reviewed in Bogacz, 

Wagenmakers, Forstmann, & Nieuwenhuis, 2010). To investigate such a trade-off, paradigms 

that either emphasis a speedy response or a correct response are compared. In the present 

paradigm, the 0% condition does not emphasis speed explicitly, but might recruit similar 

mechanisms to facilitate the fast response evident by the shorter go-trial reaction times in the 

0% condition compared to the 25% condition. Further, because no proactive inhibitory control 

or reactive response inhibition is assumed to take place in this condition, the 0% condition can 

in fact be conceptualised as a clear motor response task.  

Research investigating this speed facilitation in the speed-accuracy trade-off has 

proposed that the MFG (van Veen, Krug, & Carter, 2008) and the pre-SMA (Forstmann et al., 

2008) might be likely candidates inducing the response threshold modulation in the basal 

ganglia. Thus, it is possible that during the 0% condition, the speedy response to the go-

signal, as evident by the behavioural results, were facilitated by both the increased attentional 

resources allocated to the go-signal, as well as motor planning adjustments by the pre-SMA 

and rMFG, leading to reduced response thresholds in the basal ganglia. Moreover, during 

inhibitory proactive control, it has been suggested that the pre-SMA activity might reflect 

preparation for a subsequent motor inhibition by modulating response thresholds and/or 

baseline activity in the basal ganglia (Jahfari et al., 2012). Therefore, it may be possible that 
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the pre-SMA also is involved in the same modulations when preparing for an actual certain 

response. For example, in a series of studies targeting readiness for action in both self-

initiated and externally triggered actions (reviewed in Cunnington, Windischberger, & Moser, 

2005), the pre-SMA was consistently demonstrated as a region activated prior to the response 

execution, indicating its involvement in motor preparation. Nevertheless, although the effect 

of increasing stop-signal probability from 0% to 25% led to a decrease in the bilateral IFG, 

rMFG and pre-SMA activity yielding close to medium sized effects, this difference was not 

significant. Thus, although the activity pattern overall fits with the increased facilitation of a 

motor response in the 0% condition, this interpretation has to be made with caution. Future 

studies will have to target this specifically in a response inhibition task. 

 

4.1.2 Proactive inhibitory control modulates uncertain go-trials. The increase in go-trial 

activity from the 25% condition to the 66% condition, together with the increased go-RT, 

indicates that increasing stop-signal probability led to increasing proactive inhibitory control, 

possibly by increasing working memory processes and/or top-down allocation of attention. 

Moreover, it might also reflect the increasing violations of expectation induced by the lack of 

a stop-signal, based on findings demonstrating IPC and IFG activity associated with the 

stimulus-and response period, and not the cue period (Vink et al., 2015; Zandbelt et al., 

2013b). Although the present experiment did not test this assumption directly, the overall 

modulation of IFG and IPC activity in the present paradigm indicate that IFG and IPC activity 

is not modulated by novelty per se, but rather by the behavioural relevance of an event. That 

is, the IPC and IFG activity in the 0% condition cannot be attributed to novelty, but more 

likely reflects the increased top-down  or bottom-up allocation of attention to the detection of 

a behaviourally relevant and salient event. The increase in activity from the 25% to the 66% 

condition might thus reflect the increased top-down allocation to the detection of a stop-

signal. Although this activity might be elicited by the cue-onset, it may still be present during 

the stimulus- and response period. It could be argued that the expectation of a stop-signal in 

the 25% and the 66% condition recruits IFG and IPC activity, even though they have a 

different function in the 0% condition. In fact, this is in line with a domain-general approach 

to cognitive control (Hampshire & Sharp, 2015), assuming that regions can demonstrate 

flexible functional roles, adapting to the current task at hand. The present study cannot 

differentiate between the top-down activity allocated to the detection of a stop-signal, and the 
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bottom-up induced violations of expectations. Furthermore, Swann et al. (2012) using ECoG 

found that during the preparation to stop phase, the IFG was not recruited until after the go-

signal, while the pre-SMA was recruited after the cue, but before the go-signal. Thus, this 

indicates that at least rIFG activation might not be associated with top-down allocation of 

attention, but rather processes elicited later on in the trial, such as violations of expectations. 

The increase in rMFG activity from the 25% to the 66% condition is in line with 

previous research that has reported increased activity in this region with increasing stop-signal 

probability (Leunissen et al., 2016). On the other hand, the MFG go-trial activity overall run 

contrary to the hypothesized role of the rMFG as a working memory region in response 

inhibition, holding task rule online during the trials (Aron, 2011). That is, one could argue 

that a difference between the 0% and the other two conditions (i.e., 25% and 66%) is that the 

former only requires holding one set of task rules online (i.e., respond at go-signals), while 

the latter two require the active maintenance of two task rules (i.e., respond at go-signals and 

withhold the response if additional stop-signal). Thus, one would expect an increase in 

activity from the 0% to the 25% condition due to the increased working memory load, and no 

increase from the 25% to the 66% condition, a prediction not confirmed by the present results. 

Alternatively, the MFG might rather have an integrative role in the integration of working 

memory and action plans, potentially contributing to the preparation induced by the stop-

signal probability (Ridderinkhof et al., 2004). In fact, the MFG is interconnected with motor 

regions such as the pre-motor cortex, the SMA and the pre-SMA (Koski & Paus, 2000). 

Furthermore, repetitive TMS over the MFG impairs the selection of a finger response 

(Hadland, Rushworth, Passingham, Jahanshahi, & Rothwell, 2001), suggesting that the MFG 

has a more direct role in motor response execution and motor inhibition than just representing 

working memory representations of task rules.  

Interestingly, the lMFG did not show the predicted increase in activity from the 25% 

to the 66% condition as the rMFG, indicating that the two regions are not modulated by stop-

signal probability in the same way. Moreover, the lMFG did not show a significant difference 

in go-trial activity between any of the stop-signal probability conditions. This indicates that 

the lMFG has a functional role in response inhibition not modulated by the prior information 

the stop-signal probability cue offers, or that the lMFG simply is not associated with response 

inhibition activity. The aforementioned study by van Veen and colleagues (2008) found that 

both left and right MFG activity was associated with speedy decision-making. On the other 



41 

 

hand, if this were the case, then one would expect a decrease in lMFG activity when the 

response strategies shift towards more uncertainty and accuracy (i.e., a decrease from the 0% 

condition to the 66% condition), a finding not evident in the present results.  

The global whole-brain and ROI analyses did not reveal any ACC activation. The 

ACC has traditionally been implicated in conflict monitoring and error detection (Botvinick et 

al., 2004), and thus as being involved in the conflict induced by the unexpected stop-signal. 

On the other hand, the functional role of the ACC is still equivocal, and theories on ACC 

function involve motor function, anticipation, as well as working memory (e.g., Lenartowicz 

& McIntosh, 2005; Nguyen et al., 2014). For example, the ACC has extensive connections to 

the spinal cord as well as supplementary and primary motor cortices (reviewed in Paus, 2001). 

Moreover, in a PET study by Murtha, Chertkow, Beauregard, Dixon, and Evans (1996) it was 

shown that ACC blood flow increased in the time interval after the participants had received 

task instructions, but before they started the actual task. This effect might indicate that ACC 

activation is related to the preparation or anticipation of an upcoming event, and not just the 

error detection proposed by the conflict-monitoring hypothesis (Botvinick et al., 2004). In the 

present paradigm, the ACC activity may therefore reflect the anticipation of a stop-signal, 

elicited by the probability cue.  

In the light of the possible proactive role of the ACC, the lack of activation evident in 

the global stop > go analyses might be due to an overall high go-trial activation of the ACC, 

possibly reflecting proactive inhibitory adjustments in the form of motor planning or 

anticipation. However, the go-trial results do not support this. There was no effect of stop-

signal probability on ACC go-trial activation overall across stop-signal probability conditons. 

It could be argued that the ACC should show greater error-detection related activation in the 

66% than in the 25% condition due to the relative rare condition of a go-trial compared to a 

stop-trial in the 66% condition. In fact, Enriquez-Geppert, Konrad, Pantev, and Huster (2010) 

showed that infrequent trials evoked the N200 more than infrequent trials in both a go/no-go 

task and a stop-signal task. The N200 is a negative deflection in the event-related potential 

(ERP) stimulus locked to the stop-signal, and is assumed to represent response inhibition 

associated processing such as conflict monitoring (reviewed in Huster, Enriquez-Geppert, 

Lavallee, Falkenstein, & Herrmann, 2012). Source localisation has localised the N200 to an 

anterior region of the midcingulate cortex (Huster, Westerhausen, Pantev, & Konrad, 2010), 

in line with conflict-monitoring hypotheses of the ACC.  
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4.2 Stop-trial Activity 

In light of the go-trial activity patterns evident in the present study, the overall increase in 

stop-trial activity might not necessarily only reflect an increase in proactive inhibitory control. 

There are two main reasons for this. First, one could argue that due to the difference in how 

the regions are modulated by stop-signal probability in the go-trials, this difference should 

also be evident in the stop-trials. As evident by the lack of interaction effect between stop-

signal probability and ROI on stop-trial activity, this was not the case. Second, although the 

present study did not compare go and stop-trials for each stop-signal probability condition 

separately, the global whole-brain and ROI analyses revealed that there was greater activity 

elicited in these regions during stop-trials than during go-trials. This indicates that the overall 

increase in activity in the stopping network from the 25% to the 66% condition represents 

reactive response inhibition activity modulated by prior information about stop-signal 

probability.  

The increase of overall stop-trial associated brain activity from the 25% to the 66% 

condition contradicts previous findings of a negative correlation between proactive and 

reactive inhibition. For example, Chikazoe and colleagues (2009) found that activity 

associated with proactive inhibitory control (i.e., elicited by the cue) was negatively correlated 

with activity associated with reactive response inhibition (i.e., elicited by the stop-signal). 

Further, this increase in proactive inhibitory control was negatively correlated with the SSRT, 

indicating that increasing proactive inhibitory control leads to more efficient response 

inhibition and neural processing. The authors suggest that the preparation might have reduced 

the demand of response inhibition during outright stopping, thus requiring less reactive 

activity to successfully inhibit a response. The current findings do not confirm this theory. 

Although the present study did not correlate activity associated with proactive inhibitory 

control with activity associated with reactive response inhibition specifically, the overall 

finding of an increase in stop-trial activity in the cortex when the stop-signal probability 

increased from 25% to 66% indicates that there was no such negative correlation. On the 

other hand, this does not contradict the theory of a gain of proactive inhibitory control in 

reactive inhibitory processing. This gain might not be evident by PFC activity levels, but 

rather, by PFC control over the basal ganglia (Jahfari et al., 2012) or signalling pathways 

utilized in the basal ganglia (Leunissen et al., 2012).  
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Alternatively, the increase in activity from the 25% condition to the 66% condition 

might have been an effect of subjective trial outcome certainty. While previous research have 

used stop-signal probabilities relatively close together in size, the stop-signal probabilities 

used in the present study (i.e., 25% and 66%) were relatively distant from each other in size. 

One could argue that the relatively large stop-signal probability of 66% might have induced a 

certainty about the trial outcome being an upcoming inhibition, while the relatively small 

stop-signal probability of 25% might in fact have elicited the most uncertainty. Because the 

SST in fact is based on forming stimulus-response mappings of the majority of the trials 

(which usually is go-trials), then the current paradigm might have yielded the opposite 

pattern. If the 66% condition yielded stimulus-response mappings biased towards inhibition, 

then the adjustment of SSD according to the staircase procedure might have been insufficient. 

This might explain the increased stop-trial accuracy from the 25% to the 66% condition.  

This uncertainty theory might seem contradictory to the fast go-trial response time 

evident in the 25% condition compared to the 66% condition. On the other hand, according to 

the cognitive efficiency theory (Rypna et al., 2006), faster reaction times have been associated 

with reduced activity in associated regions. Interestingly, the fast go-trial reaction times 

coupled with lower cortical activity indicates that both proactive inhibitory control and trial 

outcome certainty is influenced by stop-signal probability, and that these processes both 

influence the implementation of response inhibition processes in the cortex. That is, while the 

66% condition might recruit more proactive inhibitory control than the 25% condition based 

on the relatively higher likelihood of an upcoming stop-signal, this condition might not have 

been perceived as the most uncertain condition by the participants. In fact, this condition 

might have seemed like a relatively certain inhibition trial compared to the 25% condition. 

Such a disassociation between the objective stop-signal probability and the subjective 

expectancy of the stop-trial have previously been demonstrated in a study by Vink and 

colleagues (2015), using the delayed SSAT. Although, in that study, no effect of subjective 

expectancy was found on rIFG and rIPC activity during the stimulus-and response period, 

subjective expectancy did influence go-trial reaction time and cortical and subcortical activity 

during the cue-period, indicating that response strategies and trial outcome certainty might not 

be linear dependent on stop-signal probability. These findings are in line with the results of 

the present study, and together they indicate that while there might be a linear effect of stop-

signal probability on proactive inhibitory control, this may not be the case for subjective trial 

outcome certainty. Further, the results from both the go- and the stop-trials demonstrate that 
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both certainty and proactive inhibitory control may influence the implementation of response 

inhibition processes in the cortex. 

It is interesting that the present study showed overall low activity in the ACC. 

Although the stop-trial analysis revealed an overall higher activity in the 66% than the 25% 

condition, the significant main effect of ROI revealed significantly lower activity in the ACC 

compared with all the other regions (see Table A.2). One possible explanation for this 

unexpected null-finding could be the added modulations of the probability cues. That is, if the 

ACC is in fact involved in the detection of error, it is possible that the perception of the actual 

error (i.e., stop-signal) is influenced by the probability cue, potentially stating the possibility 

of an upcoming error and reducing post-stimulus conflict. In fact, a study by Brown and 

Braver (2005) demonstrated that the ACC activation patterns are modulated by the likelihood 

of an upcoming event. One could argue that this still should entail a difference in activity 

between the 25% and 66% condition, a finding not true in the present study. Alternatively, It 

could be that the cues down-regulated any error-related activity in both the 25% and the 66% 

condition to a degree where any differences between them would not be detected. Future 

research should clarify the role of ACC in such modulated response inhibition tasks 

paradigms further. 

 

4.3 Limitations and Future Research 

The implementation of three stop-signal probability levels led to an overall task duration of 

approximately one hour. This might have led to a general increase in inattentiveness, 

drowsiness and lack of concentration over the course of the session, possibly affecting data 

quality. In the present study, the randomised, within-subjects design might have counteracted 

these effects to some degree. That is, if tiredness and lack of concentration affected the 

participants’ reaction time, it should have done so similarly for all conditions, making the 

relative effects between conditions non-affected. Further, accuracy rates were fairly high in all 

go-conditions, speaking against a possible effect of inattentiveness. Although the stop-trial 

accuracy rate were higher in the 66% condition than in the 25%, this is most likely to be a 

cause of the behavioural modulations induced by the experimental task design, and not the 

length of the experiment itself. Even though the experimental design might have counteracted 

these effects to some degree, this was not controlled for in the analysis. Furthermore, it could 
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be argued that such a decrease in attentiveness and alertness might affect the less automatic 

responses the most. In the present study, it was suggested that the 25% condition might in fact 

be the most uncertain condition. On the other hand, the behavioural results speak against this, 

showing no decrease in go-trial accuracy and a 50% stop-trial accuracy in the 25% condition. 

Although the present study indicates that the proposed neural gain during reactive 

inhibition induced by proactive inhibitory control might not be evident in the cortex, this was 

not investigated directly. That is, no correlations between proactive inhibitory control (i.e., 

cue-related activity) and reactive response inhibition control (i.e., stop-trial related) activity 

were performed. Although this correlation might have given insight into the direct 

relationship between proactive and reactive inhibitory activity, the current paradigm did not 

have sufficient temporal distance between the cue and the stop-trials to clarify this issue. 

The findings of the present study revealed several interesting points that should 

warrant further inquiries. First, it was demonstrated that certain go-trials might be associated 

with activity in many of the same regions also associated with violations of expectations and 

response inhibition. This has implications for future interpretation and design of response 

inhibition paradigms. For example, it may be possible that using a 0% condition as a baseline 

when investigating proactive inhibitory control might conceal true effects.  

Second, the results indicate that increasing stop-signal probability might not lead to a 

similar linear increase in subjective certainty of trial outcome, but that this rather might be 

dependent on the relative difference in size between the stop-signal probabilities utilized in 

the paradigm. Further, the present results indicate that although proactive inhibitory control 

influences the implementation of response inhibition processes in the cortex, so thus 

subjective trial outcome certainty.  

Third, the cued stop-signal task might have implications for how the stop-signal is 

interpreted, which may lead to less activation in regions associated with detection of errors, 

such as the ACC. Although the paradigm yielded response inhibition activity in the stopping 

network corresponding to previous research, no ACC activity was evident in the present 

study. It was suggested that this might be a cause of a possible proactive role of the ACC in 

the paradigm, however, the lack of a stop-signal probability effect on go-trial ACC activity 

speaks against this. Alternatively, it was suggested that the cued design might have 

diminished the error-related processing of a stop-signal. Because of the relatively common 
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finding of ACC activity during response inhibition, it might also be that the present study was 

simply underpowered to detect small effects in this region. 

 

4.4 Concluding Remarks 

The present study replicated previous findings by showing that response inhibition recruits 

cortical activity in the PFC and more posterior regions in the brain, but that the modulations 

induced by the cued task paradigm in the present study might have led to a decrease in ACC 

error detection function. Moreover, the results lends further support to the modular approach 

to cognitive control. This was evident by a lack of increase in right IFG activity from 0% to 

the 25% condition, contradicting its suggested role as a partial brake. Further, there was no 

difference between left and right IFG go-trial activity in either of the stop-signal probability 

condition, a finding also evident across stop-signal probability conditions in stop-trials. 

Further, the modulation of go-trial activity over stop-signal probabilities depending on ROI 

confirms the prediction that activity in different regions are modulated based on their 

functional role in the current task at hand. 

 Although the present study was based on predictions of right IFG and right IPC 

activity being modulated by the relative violations of expectations, it cannot deduce whether 

the IFG and IPC go-trial activity in fact was due to this violation, or top-down allocation of 

attention and/or motor preparation. 

 Lastly, the results speaks against the notion of a negative correlation between cue- and 

reactive response inhibition- related activity. Rather, the present study suggests that not only 

proactive inhibitory control modulates response inhibition processes, but also subjective 

certainty of the trial outcome, which may not be linear dependent on the stop-signal 

probability. This was evident by the increased go-trial activity in the 0% condition compared 

to the 25% condition, as well as the overall lower stop-trial activity in the 25% condition 

compared to the 66% condition. Alternatively, the neural gain proposed by Chikazoe and 

colleagues (2009) as a result of proactive inhibitory control might rather be evident further 

down-stream in the processing pipeline, such as in the basal ganglia (Leunissen et al., 2016) 

or the frontal control thereof (Jahafri et al., 2012).  
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Appendix 

Table A.1       

  Comparison (ROI)        Mean (SD)       

 1 2 1 2  t(24)     p    d 

0 % left IFG ACC 1.34 (0.98) 0.65 (1.10) 3.54 .036 0.66 

 right IFG left MFG 1.67 (1.29) 0.45 (1.38) 4.08 .009 0.92 

 right IFG ACC 1.67 (1.29) 0.65 (1.10) 3.84 .016 0.85 

 left IPC left MFG 1.22 (0.85) 0.45 (1.38) 4.07 .009 0.69 

 left MFG right MFG 0.45 (1.38) 1.40 (1.12) -4.67 .002 -0.76 

 left MFG pre-SMA 0.45 (1.38) 1.61 (1.27) -4.89 .001 -0.88 

  pre-SMA ACC 1.61 (1.27) 0.65 (1.10) 4.59 .036 0.81 

25 % left IFG left IPC 1.03 (0.64) 0.17 (0.47) 6.66 .000 1.55 

 left IFG left MFG 1.03 (0.64) 0.31 (0.56) 5.13 .000 1.21 

 left IFG ACC 1.03 (0.64) 0.42 (0.76) 4.22 .006 0.87 

 right IFG left IPC 1.34 (0.89) 0.17 (0.47) 6.95 .000 1.71 

 right IFG right IPC 1.34 (0.89) 0.69 (0.76) 3.48 .043 0.78 

 right IFG left MFG 1.34 (0.89) 0.31 (0.56) 5.23 .000 1.42 

 right IFG ACC 1.34 (0.89) 0.42 (0.76) 5.05 .001 1.11 

 left IPC right IPC 0.17 (0.47) 0.69 (0.76) -4.02 .010 -0.83 

 left IPC right MFG 0.17 (0.47) 1.11 (0.85) -6.28 .000 -1.42 

 left IPC pre-SMA 0.17 (0.47) 1.16 (0.78) -6.01 .000 -1.57 

 left MFG right MFG 0.31 (0.56) 1.11 (0.85) -4.93 .001 -1.14 

 left MFG pre-SMA 0.31 (0.56) 1.16 (0.78) -5.62 .000 -1.27 

 right MFG ACC 1.11 (0.85) 0.42 (0.76) 3.72 .023 0.86 

  pre-SMA ACC 1.16 (0.78) 0.42 (0.76) 5.16 .000 0.96 

66 % left IFG left IPC 1.52 (0.96) 0.67 (0.76) 4.93 .001 0.99 

 left IFG left MFG 1.52 (0.96) 0.36 (1.02) 5.52 .000 1.18 

 left IFG ACC 1.52 (0.96) 0.38 (0.86) 7.08 .000 1.25 

 right IFG left IPC 2.03 (0.92) 0.67 (0.76) 6.95 .000 1.61 

 right IFG right IPC 2.03 (0.92) 1.20 (1.01) 3.66 .027 0.86 

 right IFG left MFG 2.03 (0.92) 0.36 (1.02) 6.85 .000 1.72 

 right IFG ACC 2.03 (0.92) 0.38 (0.86) 9.98 .000 1.85 

 left IPC right MFG 0.67 (0.76) 1.63 (0.94) -5.45 .000 -1.12 

 left IPC pre-SMA 0.67 (0.76) 1.51 (1.25) -3.61 .031 -0.83 

 right IPC ACC 1.20 (1.01) 0.38 (0.86) 3.57 .034 0.87 

 left MFG right MFG 0.36 (1.02) 1.63 (0.94) -5.29 .000 -1.30 

 left MFG pre-SMA 0.36 (1.02) 1.51 (1.25) -4.07 .009 -1.01 

 right MFG ACC 1.63 (0.94) 0.38 (0.86) 5.85 .000 1.38 

  pre-SMA ACC 1.51 (1.25) 0.38 (0.86) 5.69 .000 1.07 

Note. Significant (p < .05) Bonferroni corrected simple main effects on the difference 

between ROI go-trial beta values for each stop-signal probability. 
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Table A.2.  

Comparison Mean (SD)    
1 2 1 2        t(24)     p          d 

lIFG rIFG 1.59 (0.87) 2.10 (1.08) -3.32 .066 -0.52 

 lIPC  0.66 (0.56) 6.52 .000* 1.30 

 rIPC  1.25 (1.02) 1.80 1.000 0.36 

 lMFG  0.56 (0.88) 6.28 .000* 1.18 

 rMFG  1.65 (1.27) -0.30 1.000 -0.06 

 preSMA  1.59 (1.23) 0.01 1.000 0.00 

  ACC   0.27 (1.05) 8.52 .000* 1.37 

rIFG lIPC 2.10 (1.08) 0.66 (0.56) 7.64 .000* 1.75 

 rIPC  1.25 (1.02) 3.98 .011* 0.81 

 lMFG  0.56 (0.88) 7.13 .000* 1.58 

 rMFG  1.65 (1.27) 1.92 1.000 0.38 

 preSMA  1.59 (1.23) 2.46 .563 0.44 

  ACC   0.27 (1.05) 10.26 .000* 1.72 

lIPC rIPC 0.66 (0.56) 1.25 (1.02) -3.65 .027* -0.74 

 lMFG  0.56 (0.88) 0.76 1.000 0.15 

 rMFG  1.65 (1.27) -5.64 .000* -1.08 

 preSMA  1.59 (1.23) -4.54 .002* -1.03 

  ACC   0.27 (1.05) 2.22 .957 0.48 

rIPC lMFG 1.25 (1.02) 0.56 (0.88) 3.16 .101 0.73 

 rMFG  1.65 (1.27) -2.45 .572 -0.35 

 preSMA  1.59 (1.23) -1.39 1.000 -0.30 

  ACC   0.27 (1.05) 3.91 .014* 0.94 

lMFG rMFG 0.56 (0.88) 1.65 (1.27) -4.73 .001* -1.02 

 preSMA  1.59 (1.23) -5.15 .000* -0.98 

  ACC   0.27 (1.05) 1.72 1.000 0.29 

rMFG preSMA 1.65 (1.27) 1.59 (1.23) 0.28 1.000 0.05 

  ACC   0.27 (1.05) 5.73 .000* 1.19 

preSMA ACC 1.59 (1.23) 0.27 (1.05) 7.12 .000* 1.15 

Note. Main effect of ROI on stop-trial activity. Bonferroni corrected pairwise comparisons. 

Significant effects marked with * (p < .05). 

 

 

 

 

 

 


