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Supplementary material I: Precontraction analysis 

 

Even though trials with excessive precontraction were discarded from the analyses, an additional 

analysis was performed on the remaining trials to ensure that none of the reported MEP effects 

were caused by systematic differences in muscle contraction between conditions. The ANOVAs 

conducted on the MEP amplitudes were repeated for the values of the root mean square (RMS) 

of the background EMG in the 80 ms interval before the application of the TMS pulses. None of 

the main effects and interactions significant in the MEP data reached significance when 

analyzing the RMS. Therefore, MEP amplitude effects were not confounded with differences in 

FDI muscle contraction. 

 

Supplementary material II: Tract-based spatial statistics 

 

Methods 

To further explore the route by which stimulation of medial frontal cortex influenced M1, 

we used tract-based spatial statistics (TBSS) (Smith et al., 2006) to investigate possible white-

matter tracts mediating the observed TMS results. This was done by exploiting individual 



differences in the size of the MEP effect. Previous studies have shown that individual differences 

in functional connectivity can be at least partly be explained by differences in the underlying 

white matter tracts (Boorman et al., 2007; Wahl et al., 2007). According to this logic, a region of 

white matter where fractional anisotropy (FA) values correlate with the size of the MEP effect 

might be a possible route mediating this effect. 

 Diffusion-weighted magnetic resonance imaging data (three acquisitions of 60 directions, 

b-value 1000 s/mm2, 2×2×2 mm3 voxels, 60 slices) were acquired from the 11 participants taking 

part in the SWITCH experiment on a 1.5T Siemens Sonata MR scanner. Image analysis was 

carried out and FA values were calculated with Oxford Centre for Functional Magnetic 

Resonance Imaging of the Brain’s (FMRIB) diffusion toolbox from FMRIB’s Software Library 

(FSL; Smith et al., 2004). Individual fractional anisotropy (FA) maps were aligned into standard 

space and a mean FA image was created which then underwent “skeletonization” in which only 

the centres of tracts (i.e., the maximal FA values) are spared and voxels with lower FA values are 

suppressed. Each participant’s FA image was then projected onto this mean skeleton, which 

enabled statistical comparison of FA values from homologous regions of the FA map across 

participants. 

 To test whether there was a relationship between functional connectivity as found in the 

TMS experiment and FA values across participants, we followed the procedure outlined by 

Boorman et al. (2007). We calculated the difference in motor-evoked potential (MEP) changes 

between SOAs of 75 and 125 ms when switching towards the hand contralateral to the M1 

stimulation and used this as a regressor in our TBSS analysis. To test for local correlations 

between MEP effect size and FA values, we used permutation testing (Nichols and Holmes, 

2002) as implemented in FSL. As we were interested in positive correlations within this region 



of interest (i.e., a bigger MEP effect size reflects a higher FA value), effects were reported as 

significant at a one-tailed statistical threshold of P ≤ 0.005 (uncorrected). This threshold is 

similar to that used in many functional MRI studies, where the number of voxels—and thus the 

possibility of a false positive—is an order of magnitude greater. In addition, we note that it is not 

possible to use the correction for multiple comparisons that is standard in functional 

neuroimaging studies due to the skeletal nature of the FA maps. As an extra precaution against 

false positives, we only report clusters with an extent of > 15 voxels. All significant correlations 

between FA value and MEP effect were also tested after partitioning out variance related to the 

possible confounding factors of participants’ age and intensity of the test coil stimulation. All 

correlations reported remained significant. 

 

Results 

The size of the MEP effect observed during left-to-right hand switch trials showed a 

significant correlation with FA measured in voxel clusters within the right hemisphere 

(Supplementary table 1; Main text Fig. 4c).  These clusters are associated with the medial frontal 

white matter adjacent to the dorsal and medial premotor areas and motor cortex. We found a 

cluster in a similar location in the left hemisphere (Supplementary table 1). All correlations 

between FA value and MEP effect remained significant even when partitioning out variance 

related to possible confounding factors such as participants’ age and intensity of the test coil 

stimulation. We did not observe similar changes in prefrontal white matter suggesting that 

conflict-specific short latency pre-SMA/M1 interactions are less likely to be mediated via 

prefrontal cortex. Prefrontal routes may be more important in mediating longer term strategic 



responses to conflict rather than the short latency within-trial changes that are the focus of the 

current report. 

 

Supplementary material III: Selectivity of pre-SMA/M1 interactions 

 

We further investigated the specificity of the pre-SMA influence on M1 on switch trials 

by analyzing data from the SWITCH experiment for trials in which participants switched towards 

and ultimately selected the hand contralateral to the stimulated M1 (here, right hand) and trials in 

which participants had prepared, but ultimately inhibited, the hand contralateral to the stimulated 

M1 and finished the trial by switching to the hand ipsilateral to the stimulated M1 (here, left 

hand). In the former, switch-to-right-hand, case there was a significant PULSE×SOA interaction 

(F(2,9)=5.889, p=0.01) and subsequent post-hoc t-tests confirmed significant MEP modulation 

only at the 125 ms SOA (mean %MEP=119.80, t(10)=2.605, p=0.026). The MEP change at SOA 

125 ms differed significantly from that at SOA 75 ms (t(10)=-2.474, p=0.033) and nearly 

significantly from that at SOA 175 ms (t(10)=2.222, p=0.051). Thus, there was unambiguous 

evidence that pre-SMA facilitated the M1 corresponding to the unprepared hand to which 

subjects were about to switch. Conversely, when participants switched away from the 

contralateral hand, none of the MEP modulations at the individual SOAs reached significance, 

although there was a main facilitatory effect of PULSE (F(1,10)=6.782, p=0.026). Although the 

difference in modulation on right and left hand switch trials was not significant, the evidence for 

significant influence of pre-SMA on M1 during left hand response trials was thus less clear-cut 

than evidence for facilitation during right hand responses. 

 



 

Supplementary material IV: Effects of stay trial sequence length 

 

 To verify that participants prepared on all stay trials, rather than not preparing on the 

later stay trials in anticipation of a switch, we performed two additional analyses of the 

behavioral data in the SWITCH and STAY experiments. Firstly, we compared reaction times (RTs) 

the first stay trials following a switch (in which there was never a switch, switches only occurred 

on trial 3-7 following a switch) with the last stay trial before a switch. If people didn’t prepare 

as much when expecting a switch, then RTs before a switch should be slower than after a switch. 

There is no significant difference between the RTs on these trials (p=.26), although they both 

differ significantly from the RT on the switch trials themselves (p<0.001 for both comparisons). 

Additionally, when we look at the RTs in the switch trials and all stay trials in a sequence 

(Supplementary Fig. 1), we see that, although there is a small increase in RTs over the course of 

the stay sequence (287 vs 309 ms) the RTs on the final stay trial still differ very significantly from 

the RTs on the stay trials (309 vs 420 ms, p<0.001). Therefore, we are confident in claiming that 

participants did prepare their response on all  trials. 

 Furthermore, we explore the presence of a facilitation of MEP amplitude by a pre-SMA 

conditional pulse following different numbers of switch trials (Supplementary Fig. 2). However it 

is important to point out that, since the experiment was not designed to look at this modulation, 

the numbers of trials in this analysis are  low, with some participants, after artifact rejection, not 

providing data for a given trial type. Nevertheless, the analysis shows that the modulation of pre-

SMA/M1 connectivity during switch trials at an SOA of 125 ms was consistently present, 

independent of when in the trial sequence a switch trial occurred. If anything, there seemed to be 



a stronger effect of pre-SMA TMS at 125 SOA after a greater number of stay trials. To quantify 

this effect, we sorted the results into two bins: (1) switch trials following 3-5 stay trials and (2) 

switch trials following 6-7 stay trials. A repeated-measures ANOVA on the MEP effect with 

factors BIN and SOA (75, 125, and 175 ms) showed a main effect of SOA (F(2,18)=4.351, 

p=0.029), but no main effect of BIN or a BIN×SOA interaction (both p>0.35). Therefore, we are 

confident that the effect of pre-SMA on M1 during switch trials at the 125 ms SOA is present 

even after long stay sequences, when participants might be expecting a switch trial. 
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Supplementary table 1 

 

MNI coordinates Correlation P value 
x y z 
23 -28 44 0.858 0.001
22 -22 43 0.804 0.003
31 -20 41 0.788 0.004
25 -25 33 0.831 0.002
23 -12 35 0.788 0.004

-40 -23 30 0.845 0.001
 

Supplementary table 1. Centre of mass in MNI coordinates, correlations, and P value for all 

clusters slowing significant correlations between FA values and TMS effect.  

  



Supplementary figure 1 

 

 

 

Supplementary Figure 1. Median reaction times on correct trials in the SWITCH and STAY 

experiments for the switch trials and all stay trials sorted by their number in a sequence. 

Participants prepared significantly for all switch trials, as compared to the switch trials. 

  



Supplementary figure 2 

 

 

 

Supplementary Figure 2. MEP modulations on switch trials following different numbers of stay 

trials. The facilitation of MEP amplitude by a pre-SMA conditioning pulse is present 

independent of the trial in the sequence. Given the small number of trials, these results 

are to be taken as illustration only. 


