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Abstract

Objective—Brain-computer interfaces (BCIs) aimed at restoring communication to people with 

severe neuromuscular disabilities often use event-related potentials (ERPs) in scalp-recorded EEG 

activity. Up to the present, most research and development in this area has been done in the 

laboratory with young healthy control subjects. In order to facilitate the development of BCI most 

useful to people with disabilities, the present study set out to: (1) determine whether people with 

amyotrophic lateral sclerosis (ALS) and healthy, age-matched volunteers (HVs) differ in the speed 

and accuracy of their ERP-based BCI use; (2) compare the ERP characteristics of these two 

groups; and (3) identify ERP-related factors that might enable improvement in BCI performance 

for people with disabilities.

Methods—Sixteen EEG channels were recorded while people with ALS or healthy age-matched 

volunteers (HVs) used a P300-based BCI. The subjects with ALS had little or no remaining useful 

motor control (mean ALS Functional Rating Scale-Revised 9.4(±9.5SD) (range 0–25)). Each 

subject attended to a target item as the items in a 6×6 visual matrix flashed. The BCI used a 

stepwise linear discriminant function (SWLDA) to determine the item the user wished to select 

(i.e., the target item). Offline analyses assessed the latencies, amplitudes, and locations of ERPs to 

the target and non-target items for people with ALS and age-matched control subjects.
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Results—BCI accuracy and communication rate did not differ significantly between ALS users 

and HVs. Although ERP morphology was similar for the two groups, their target ERPs differed 

significantly in the location and amplitude of the late positivity (P300), the amplitude of the early 

negativity (N200), and the latency of the late negativity (LN).

Conclusions—The differences in target ERP components between people with ALS and age-

matched HVs are consistent with the growing recognition that ALS may affect cortical function. 

The development of BCIs for use by this population may begin with studies in HVs but also needs 

to include studies in people with ALS. Their differences in ERP components may affect the 

selection of electrode montages, and might also affect the selection of presentation parameters 

(e.g., matrix design, stimulation rate).

Significance—P300-based BCI performance in people severely disabled by ALS is similar to 

that of age-matched control subjects. At the same time, their ERP components differ to some 

degree from those of controls. Attention to these differences could contribute to the development 

of BCIs useful to those with ALS and possibly to others with severe neuromuscular disabilities.
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Introduction

Amyotrophic lateral sclerosis (ALS) is a progressive disease of the lower and often upper 

motor neurons that usually leads to complete paralysis within 2–5 years. Each year, 

approximately 5,600 people in the United States are diagnosed with ALS at a mean age of 

55 years. About 30,000 people are living with ALS in the United States alone (ALS 

Association (AA), 2013). As the disease progresses, individuals may use their remaining 

muscle control to operate a variety of assistive communication devices for interacting with 

the world (Doyle and Phillips, 2001). However, as their disease progresses these devices 

may become ineffective. Brain-computer interface (BCI) technology allows people with 

severe motor disabilities (i.e. ALS) to use brain signals, rather than muscles, to communicate 

and to control their environments (Wolpaw and Wolpaw, 2012). Most BCIs use electrical 

signals recorded from the scalp, the cortical surface, or within the brain. These signals are 

analyzed and translated into control commands for an output device (e.g., mouse, keyboard, 

robotic arm).

Use of the P300 event-related evoked potential (ERP) (also called the oddball response) as 

the basis for a BCI was first demonstrated by Farwell and Donchin (1988). Since this initial 

description, visual P300-based BCIs have been extensively studied primarily in the 

laboratory (See Sellers, et al. 2012 for review). For example, in the P300-based BCI speller, 

a 6×6 matrix of 36 items (i.e., characters and numbers) is presented on a screen; and the user 

attends to the desired item (i.e., the target) while different groups of items flash rapidly. 

About 300 msec after the target item flashes, a positive deflection occurs in the EEG; this is 

the P300 ERP. By flashing each item a number of times, and averaging the EEG following 
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each flash (i.e., stimulus), the BCI can usually identify the target item (i.e., the item that 

evokes a P300 ERP). P300 BCI requires little user training, and can provide to most people 

slow but reliable communication.

While most P300-based BCIs have been studied mainly in healthy volunteers (HVs), their 

usage has been explored in small numbers of people with ALS or other severe 

neuromuscular disabilities (Escolano et al., 2010, Hoffmann et al., 2008, Ikegami et al., 

2014, Kaufmann et al., 2013a, Kubler and Birbaumer, 2008, Kubler et al., 2009, Manyakov 

et al., 2011, McFarland et al., 2011, Nijboer et al., 2008, Pires et al., 2011, Pires et al., 2012, 

Sellers and Donchin, 2006, Sellers et al., 2010, Silvoni et al., 2009, Spuler et al., 2012, 

Townsend et al., 2010). Visual problems can occur in people with advanced ALS (e.g. 

Cooperman, 1974, Hall, 2003, Hayashi and Oppenheimer, 2003, Murguialday et al., 2011) 

and could impair use of visual BCIs in some people (McCane et al., 2014). Tactile and 

auditory P300 BCIs have been explored for those individuals with vision problems (Hill et 

al., 2014, Severens et al., 2014). All of these studies indicate that P300 BCIs might be useful 

to people with ALS as their disease advances and they lose the ability to use conventional 

assistive communication devices, all of which require some measure of muscle control.

However, it is not clear whether P300-based BCIs can function as well in people with severe 

disabilities as in HVs, nor is it clear whether specific disorders are associated with ERP 

differences that may affect the design of optimal BCI systems. The present study sought to 

address these issues for people with ALS. The P300-based BCI performance and ERP 

characteristics of people severely disabled by ALS were compared to those of an age-

matched group of HVs. We expected to find that HVs and people with ALS and no visual 

problems would not differ in BCI performance and would have similar ERP components. 

The results are both encouraging in regard to the potential value of P300-based BCIs for 

people with severe disabilities and instructive in regard to how BCIs might be most 

effectively developed and optimized for use by those who need them. The study is part of a 

program to enable the clinical dissemination of BCIs for independent use by people with 

severe neuromuscular disabilities (Vaughan et al., 2006).

Methods

Subjects

The study was approved by the Institutional Review Boards of Helen Hayes Hospital 

(subjects with ALS) and the New York State Department of Health (HVs). All subjects 

provided informed consent (or assent) for the study. The 14 subjects (2 women and 12 men) 

with ALS were referred for BCI evaluation by the Center for Rehabilitation Technology 

(CRT) at Helen Hayes Hospital or were self-referred; and they were studied in their homes 

(N=12) or at the CRT (N=2). They were medically stable and: had little or no remaining 

useful motor control; had no major visual impairments; had stable physical and social 

environments; had elected to accept artificial ventilation when and if it became necessary; 

and had an interest in using BCI technology for communication on a daily basis (Vaughan et 

al., 2006). Their mean age was 55.9(±9.4SD, range 41–72) and their mean ALS Functional 

Rating Scale-Revised, ALSFRS-R, (Cedarbaum et al., 1999) was 9.4(±9.5SD, range 0–25). 

Seven (50%) were completely dependent on mechanical ventilation (MV). Data from 13 of 
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these subjects were included in a prior study that showed no relationship between ALSFRS-

R score and BCI accuracy (McCane et al., 2014). The fourteen age-matched HVs (2 women 

and 12 men) were evaluated at the Wadsworth Center. Their mean age was 55.8(±9.0SD, 

range 39–69).

Evaluation Protocol

All aspects of BCI operation and data collection were controlled by the BCI2000 software 

platform (Schalk et al., 2004, Schalk and Mellinger, 2010) on a Lenovo T61 laptop (Intel 

Core2 Duo CPU, 2 Ghz, 1.9 GB of RAM, Windows XP SP3). The subject viewed a separate 

50-cm Dell monitor at a distance of about 1 meter.

The subject sat in a comfortable chair or in his/her own wheelchair or bed facing the 

monitor. The monitor was on a rolling stand or an over-the-bed table; and its position was 

adjusted for each user. The evaluation comprised 9 copy-spelling runs (i.e., the subject was 

told which item to select, i.e., the target item). Each run included one word (i.e., The/quick/

brown/fox/jumps/over/the/lazy/dog), for a total of 35 letters (i.e., trials) that encompassed 

the entire English alphabet. For each trial, the subject was asked to attend to the target 

character and to count the number of times it flashed. These instructions were carefully 

explained and illustrated; and the first run did not begin until the subject indicated full 

understanding of the task. After each run, each subject was asked if s/he wished to continue. 

The entire evaluation (i.e., consenting process, electrode cap application, task instructions, 9 

runs, and cap removal) lasted 60–90 min.

The user’s monitor displayed 36 items (i.e., English characters and numbers) arranged in a 

6×6 matrix (target ratio 1:36; 2.8% chance accuracy). The items were light gray and the 

background was black. In the evaluation (i.e., copy-spelling) protocol, the subject was asked 

to spell (i.e., select) 35 letters comprising 9 words. The “text–to–spell” bar above the matrix 

displayed the word to be spelled (i.e., copied) (Figure 1A). At the beginning, the words 

“Waiting to start” were displayed over the matrix and the first target item (i.e., the first letter 

of the first word to be spelled) was shown in parenthesis at the end of the word. After 4 sec, 

items began to flash in groups of 4, 5 or 6 with no two items in the group adjacent to each 

other (i.e., the checkerboard (CB) format, Townsend et al., 2010). A group flashed every 

250 ms (i.e., 4-Hz flash rate). For each selection by HVs, the flashes continued until each 

item had flashed 14 times (a total of 490 target and 3920 non-target flashes for the 35 copy-

spelling selections); for each selection by subjects with ALS, the flashes continued until 

each item had flashed 14, 20 or 24 times depending on the subject (i.e., 490–840 target and 

3920–6720 non-target flashes for the 35 selections). The 35 selections were separated by 4-

sec breaks. When each letter of the word had served as the target, the phrase “Time Out” 

was shown and the run was over. Several minutes later the next run began.

A 16–channel electrode cap (Electro-Cap International, Inc.) with tin electrodes at locations 

F3, Fz, F4, T7, C3, Cz, C4, T8, CP3, CP4, P3, Pz, P4, PO7, PO8 and Oz (Sharbrough et al., 

1991) (Figure 1B) was used; and electrode impedance was kept below 20 kΩ (Kappenman 

and Luck, 2010). All electrodes were referenced to the right mastoid and grounded to the left 

mastoid. EEG activity was amplified by a 16-channel g.USBamp biosignal amplifier (i.e., 

from g-tec), sampled at a rate of 256 Hz, high-pass filtered at 0.5 Hz and low-pass filtered at 
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30 Hz, and stored. The noisy home environment and the close proximity of life-support 

equipment often necessitated use of the 58–62 Hz notch filter.

Data Analysis

A stepwise linear discriminant function (SWLDA) was applied to the standard P300 8-

channel montage (Fz, Cz, P3, Pz, P4, PO7, PO8, and Oz) previously defined in order to 

select and weight the EEG features (i.e., voltages at specific EEG electrodes in specific time 

segments in the 800 msec after the items flashed) that were used to classify the subject’s 

response to each item and to thereby determine which item was the target (i.e., the desired 

selection). (See Krusienski, et al., 2008, for full description of analysis).

The first five runs (21 trials) were used as the calibration set. The EEG data from this set 

were used to determine the SWLDA coefficients, i.e., up to 60 features (Krusienski et al., 

2008). These coefficients were applied to the test set: the last four runs of 14 trials. The 

accuracies reported here refer to the test set. We calculated for each subject the accuracy for 

each number of flashes up to the total number used, and determined the maximum accuracy 

(MA) and the least number of flashes that provided the MA. Based on these results, we 

calculated for each subject the theoretical communication rate (characters/min) and bit rate 

(bits/min). Characters/min was defined as the total correct characters minus total incorrect 

characters divided by the total time for each trial (McFarland et al., 2011). Bit rate was 

calculated as reported in Wolpaw et al. (2002). These calculations took into account: the 

time it took for all the characters in the matrix to flash for each trial; the time needed to 

correct an error; and the time between trials (Table 1).

We used the data from all 9 runs (i.e., 35 trials) to compute for each electrode of each 

subject the average ERPs for the target item and for the non-target items. The N200 

component was defined as the most negative point between 80 and 240 ms, the P300 

component as the most positive point between 230 and 450 ms, and the LN (late negativity) 

as the most negative point between 400 and 800 ms. For the target ERPs, component 

amplitude and latency measures were determined for the four central locations (Fz, Cz, Pz, 

Oz) for each subject and then averaged across each subject group (Table 2); grand average 

waveforms at Fz, Cz, Pz, and Oz were computed for each group (Figure 2); and 16-channel 

topographies at each subject’s component latencies were averaged across each group (Figure 

3).

Statistical Methods

Measures that were normally distributed (Shapiro-Wilk) were evaluated by t-test (i.e., 

demographics, rates, and MA flashes). Measures that were non-normally distributed were 

evaluated by the Mann-Whitney Rank Sum Test or Spearman-Rank Order correlation (i.e., 

accuracies and online flashes). Analysis of variance (ANOVA) was performed for each 

component of the target ERPs with group as a between-subjects factor and electrode location 

(Fz, Cz, Pz, Oz) as a within-subjects factor.
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Results

Accuracy and Rate

The 14 subjects with ALS and the 14 HVs did not differ significantly in maximum accuracy 

(MA) (95.7(±2SE)% and 98.8(±1), respectively, Table 1). The average number of flashes 

needed to achieve the MA was greater for ALS users than for HVs, but the difference did 

not reach significance (11.6(±1SE) and 8.7(±0.6), respectively; p=0.08). HVs had a slightly 

higher communication rate (and bit rate) than the subjects with ALS, but the difference was 

not significant (Table 1, p=0.15 and p= 0.16 respectively).

Event-related potentials

The morphologies of the grand-average target and non-target waveforms were similar for 

the two groups (Figure 2). Table 2 shows for each group and each component of the target 

ERPs the location at which the component was largest and its amplitude and latency at that 

location. In both groups, N200 and P300 were largest at Cz and LN was largest at Fz. The 

latencies of all three ERP components were longer in the ALS group than in the HV group.

The topographical distributions of the three ERP components for the two groups in the target 

condition are shown in Figure 3. In the HV group, N200 was located centrally while P300 

and LN were located anteriorly. In the ALS group, N200 and P300 were located more 

anteriorly than in the HV group, while LN was located similarly to the HV group. N200 was 

larger in the ALS group than in the HV group, and P300 was more focused topographically.

Analysis of variance (ANOVA) revealed a significant effect of group (df=1,26, F=16.35, 

p<0.004) and electrode (df=3,78, F=5.48, p<0.0018) for N200 amplitude. The larger N200 

peak in the ALS group compared to the HV group can be seen in Figures 2 and 3. The 

significant effect of electrode location for N200 latency (df=3,78, F=14.72, p<0.0001) 

indicates individual differences for this metric. There was a significant effect of electrode 

(df=3,78, F=18.62, P<0.0001) and the group × electrode interaction (df=3,78, F=4.25, 

p<0.0078) for P300 amplitude, indicating that the group difference is dependent on the 

electrode location. Posterior attenuation of the P300 component in the ALS group compared 

to the HV group was evident in the grand average waveforms (Figure 2) and 16-channel 

topographies (Figure 3). The effect of electrode location was significant for P300 latency 

(df=3,78, F=5.52, p<0.0017), but not the location × group interaction (df=3,78, F=1.78, 

p=0.16). The effect of electrode location was significant for LN amplitude (df=3,78, 

F=12.69, p<0.0001); while the effect of group (df=1,26, F=4.38, p<0.0462) was significant 

for the LN latencies. The LN latency difference between the groups was not channel-

dependent.

Impact of Disability

The ALSFRS-R did not correlate with BCI accuracy nor with the latency or amplitude of 

any component of the target ERP.
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Effects of Age

There was no significant difference in age between the two groups (p=0.89). Age at time of 

evaluation correlated negatively with MA in the HV group (p=0.05). Bit rate increased 

slightly with age in the ALS group and decreased slightly in the HV group, but these effects 

were not significant. P300 amplitude measured at Fz decreased with age in both groups, but 

the decrease did not reach significance. Age did not correlate with N200 or LN amplitude, 

nor with the latency of any target ERP component.

Discussion

This study set out to address two questions: whether the P300-based BCI performance of 

people severely disabled by ALS differed from that of age-matched healthy control subjects 

(HVs); and whether these two groups differed in the amplitudes, latencies, or topographies 

of P300 and other ERP components during BCI use. These questions are important for the 

development and potential efficacy of these BCIs as alternative communication and control 

devices for people with severe disabilities.

BCI Performance

Our results revealed no significant difference in BCI performance (i.e., assessed as accuracy, 

communication rate, or bit rate) between very disabled ALS users (50% MV dependent, 

mean ALSFRS-R=9.4) and age-matched HVs. At the same time, it is important to note that 

subjects with ALS who had visual impairments were excluded from the study. Visual 

problems can occur in advanced ALS (Cooperman, 1974, Hall, 2003, Hayashi and 

Oppenheimer, 2003, Murguialday et al., 2011) and the exclusion of these subjects may help 

to explain the superior performance reported here compared to previous studies in people 

with ALS or other severe neuromuscular disabilities where visual problems were not 

documented. (Ikegami et al., 2014, Kaufmann et al., 2013b, Ortner et al., 2011, Piccione et 

al., 2006, Sellers et al., 2006). In addition, differences in target presentation parameters (i.e., 

flash rate, number of target flashes, data used for the classifier, target ratio, etc.) could have 

contributed to the better performance in this study. While the present results are from a 

single evaluation, recent studies demonstrating consistent BCI performance over several 

years for subjects with ALS (Nijboer et al., 2010, Sellers et al., 2010, Silvoni et al., 2013) 

suggest that the present results are representative.

Offline analysis indicated both HVs and subjects with ALS could have performed just as 

well with fewer flashes than were actually presented online. The ALS users needed more 

flashes to reach maximum performance and had slightly lower bitrates on average than the 

HVs, however, these differences were not statistically significant (Table 1). Accuracies were 

higher for ALS subjects in this study than in other P300 communication device studies of 

subjects with motor impairments and control subjects. However, the average bit rate for the 

ALS users here (11.2 bits/min) was within the range reported in those studies (range 6.7 to 

20 bits/min) (Hoffmann et al., 2008, Kaufmann et al., 2013b, Piccione et al., 2006, Pires et 

al., 2011, Pires et al., 2012, Silvoni et al., 2009). The similar bit rates of the subjects with 

ALS in this study when compared to other studies with lower accuracies may have been due 

to the accuracy versus speed protocol parameters chosen here. These settings were designed 
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to capture P300 BCI speller capability in a wide range of potential users. Communication 

rate can be improved with stimuli optimization after initial evaluation with the BCI speller 

system (McFarland et al., 2011). The HV bit rate here (13.7 bits/min) was below the average 

of five studies where bit rate was reported for younger control subjects (range of average 

ages 29–54 years; range of average bit rates 6.7–32 bits/min) (Hoffmann et al., 2008, 

Piccione et al., 2006, Pires et al., 2011, Pires et al., 2012, Silvoni et al., 2009). These results 

indicate the importance of age-matched controls when comparing BCI communication rates 

in people with disabilities to those in healthy control subjects.

The study did not reveal any strong correlations between age and BCI performance, either in 

people with ALS or in HVs. Silvoni et al. (2013) found a positive correlation between BCI 

accuracy (four-choice task) and age at study entry in 24 more able-bodied people with ALS 

(mean ALSFRS-R= 32, age= 56). The difference from the present study could be due to the 

marked difference in level of disability and/or to differences in methods.

Event-Related Potential (ERP) Components

As expected (Brunner et al., 2010, McCane et al., 2014, Sellers et al., 2006, Townsend et al., 

2010), the target ERPs had three major components, N200, P300, and the late negativity 

(LN). We compared the two subject groups in regard to the amplitudes, latencies, and 

topographies of these components.

Delayed P300 latencies and reduced amplitudes (at Pz) for ALS patients when compared 

with HVs have previously been documented (Ogawa et al., 2009, Paulus et al., 2002) and 

were also noted in this study (though the latency differences were not significant here). The 

significant effects of channel and group × channel for P300 amplitudes found here may 

reflect the more anterior focus of this component in subjects with ALS. This location shift of 

the P300 seen in the ALS group (mean age 56, with only one person over 65 years) is 

similar to that reported for older subjects (i.e., age 65–79) (Fjell and Walhovd, 2001, 

Friedman et al., 1997, Pato and Czigler, 2011, Riis et al., 2008). Thus, the P300 

topographies of our subjects with ALS appear to be similar to those of older healthy control 

subjects. This more anterior distribution should be taken into account in developing 

electrode montages for use by people with ALS.

The target ERPs of the ALS group displayed an N200 component that was focused over 

frontal areas and was significantly larger than the N200 of the HV group. Several previous 

studies in healthy subjects have indicated the importance of early (i.e., <200 ms) 

components for the performance of comparable BCI systems (Bianchi et al., 2010, Brunner 

et al., 2010, Halder et al., 2013, Mak et al., 2011). The present results suggest that montages 

that include additional frontal electrodes could improve BCI performance in people with 

ALS.

The prominent LN component in the present data is consistent with previous data for the 

same BCI paradigm (Townsend et al., 2010). The longer latency for the HVs of the present 

study compared to the earlier study may reflect the greater age of the present subjects. As 

found for the N200 and P300 latencies, LN latency was longer, but not significantly, in the 

subjects with ALS than in the HVs (Figure 2). The prominence of this component in people 
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with ALS implies that it can contribute substantially to BCI performance; and it suggests 

that BCI development should seek recording and presentation methods that enhance it (e.g., 

the CB paradigm Townsend et al., 2010 or the Faces paradigm Kaufmann et al., 2013b).

All the subjects understood the task and could maintain their attention well enough to 

produce excellent BCI performance (i.e., accuracy >95%). Nevertheless, the observation that 

all three target ERP components had longer latencies in the ALS group imply changes in 

cortical function that could conceivably affect cognition. Cognitive changes often 

accompany ALS (Abrahams et al., 2014, Goldstein and Abrahams, 2013); and further study 

of the relationships of such changes with ERP components and BCI performance is needed. 

Recent studies have shown that cognitive training can increase ERP amplitudes in elderly 

subjects (O’Brien et al., 2013) and that mindfulness training can improve BCI performance 

in healthy subjects (Lakey et al., 2011).

Conclusions

P300-based BCI performance in people severely disabled by ALS who do not have 

significant visual impairments is similar to that in age-matched healthy control subjects. In 

subjects with ALS compared to age-matched control subjects, the N200 and P300 

components of the target ERP were located more anteriorly, the N200 component was 

larger, and the N200, P300, and LN components tended to have longer latencies. 

Recognition and engagement of such differences from control subjects could contribute to 

the development of BCIs useful to those with ALS and possibly to others with severe 

neuromuscular disabilities.
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Highlights

• Communication rate and accuracy with a P300-based BCI speller did not differ 

significantly between people severely disabled by ALS who have adequate 

vision and age-matched control subjects.

• The two groups differed significantly in P300 amplitude and location, N200 

amplitude, and latency of the late negativity (LN).

• P300-based BCI studies and usage in people with ALS may benefit from use of 

additional ERP components and alternative montages.
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Figure 1. 
A. The BCI user’s monitor displayed a 6×6 matrix with the calibration word in a gray text-

to-spell bar across the top. Target characters were cued one at a time in parenthesis after the 

word. A set of characters in the pseudo-random fashion of the CB mode is illuminated 

(flashed). Here, the user is asked to count the flashes of the target character “R” in the 

calibration word “BROWN.” B. The 16 channels of EEG collected during the evaluation 

and the 8-channel standard subset used for classification (dashed circles).
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Figure 2. 
Grand-average ERP waveforms for the fourteen subjects in each group at Fz, Cz, Pz and Oz 

(all 35 trials). Target ERPs are solid for the HV group and dashed for the ALS group. Non-

target ERPs are dot-dash (HV) and dotted (ALS). The three ERP components (N200, P300, 

and LN (late negativity)) are indicated with arrows.
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Figure 3. 
Spatial distributions of the three ERP components in the target condition for each group. The 

scale is in μv. Red is more positive and blue the more negative.
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Table 1

Average (± SE) accuracy and rate for subjects with ALS and age-matched healthy volunteers (HVs). There 

were no significant differences between the groups.

Maximum Accuracy (MA) (%) 95.7 ± 2 98.8 ± 1

Flashes required for MA 11.6 ± 5 8.7 ± 2

MA characters/min 2.1 ± 0.3 2.6 ± 0.2

MA bits/min 11.2 ± 1.3 13.7 ± 1.1
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Table 2

The average peak locations, latencies (± SD), and amplitudes (± SD) of the target ERP components for the 

ALS group and the HV group.

N200 Cz Amplitude (μv) −1.56 ± 0.8 −0.73 ± 0.4

Latency (ms) 137 ± 38 123 ± 24

P300 Cz Amplitude 3.54 ± 2.4 3.21 ± 0.8

Latency 283 ± 56 260 ± 19

LN Fz Amplitude −4.41 ± 3.6 −3.55 ± 2.5

Latency 627 ± 81 598 ± 121
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