
World Journal of Neuroscience, 2013, 3, 142-146                                                           WJNS 
http://dx.doi.org/10.4236/wjns.2013.33018 Published Online August 2013 (http://www.scirp.org/journal/wjns/) 

OPEN ACCESS  

Visuo-motor related time analysis using  
electroencephalograms* 

Kengo Yotani1#, Hiroyuki Tamaki2, Hiroki Nakamoto1, Atsumu Yuki3, Hikari Kirimoto2, Koji Kitada4, 
Futoshi Ogita1, Shiro Mori1 

 

1National Institute of Fitness and Sports in Kanoya, Kagoshima, Japan 
2Niigata University of Health and Welfare, Niigata, Japan 
3National Center for Geriatrics and Gerontology, Obu, Japan 
4Ishikawa National College of Technology, Ishikawa, Japan 
Email: #yotani@nifs-k.ac.jp 
 
Received 25 April 2013; revised 2 June 2013; accepted 5 July 2013 
 
Copyright © 2013 Kengo Yotani et al. This is an open access article distributed under the Creative Commons Attribution License, 
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. 

ABSTRACT 

The objective of the present study was to assess the 
relationship of response time and peak latency of P300 
with a simple-reaction task. Seven male subjects who 
were experienced players in decision-making sports 
were included. Two main findings were noted. First, 
the P300 latencies of Fz and Pz were correlated with 
visuo-motor related time. Second, in terms of laten- 
cies of visual evoked potentials, the correlations were 
observed only between Oz-P2 latency and visuo-motor 
related time. These results suggest that the length of 
visuo-motor related time is related to the processing 
involved in the higher order brain site involving spe- 
cific processing in the visual cortex. 
 
Keywords: Simple-Reaction Task; P300; Visual Evoked 
Potentials; Athletes 

1. INTRODUCTION 

In a simple-reaction task in which subjects respond as 
quickly as possible to a visual cue, pre-motor time (PMT) 
is measured as the delay between stimulus onset and on- 
set of myoelectric activity using electromyography (EMG). 
A previous study reported that PMT can be subdivided 
into two factors: elapsed time from visual stimulation to 
the primary motor cortex (M1) through the visual cortex 
(visuo-motor related time [VMRT]), and from M1 to the 
muscle (motor evoked potentials [MEP] latency) [1]. Thus, 
VMRT is calculated as PMT minus MEP latency. The  

VMRT is likely to reflect the time of visuo-motor inte- 
gration and control [2]. VMRT differs in individuals [1]; 
however, the factors that define the length of time for 
VMRT are unclear. 

Peak latency of P300 (P3) in event-related potentials is 
well recognized to be associated with reaction time; this 
has been supported by a number of studies using elec- 
troencephalograms (EEG) [3-7]. The P3 component links 
to cognitive processing of context updating in the par- 
ticular higher order brain area [8-10], and peak latency is 
considered a measure of the processing speed via stimu- 
lus evaluation [11]. Given that P3 latency reflects the 
speed of central nervous processing, it seems useful to 
assess the length of VMRT. Moreover, VMRT, including 
processing of the visual system, requires consideration of 
the elapsed speed from visual stimulation to visual cortex 
activation. 

The objective of the present study was to assess the 
relationship of response time and P3 latency with a sim- 
ple-reaction task, that is, to examine the length of VMRT. 
In addition, we also investigated the latency in visual 
evoked potentials (VEP), that is, potentials indicating 
neural activities related to visual processing [12-14]. 

2. MATERIAL AND METHODS 

Seven male subjects who were experienced players in 
decision-making sports, such as baseball, kendo, judo, 
basketball, or tennis, were included. All subjects had 
regularly attended local competitions for more than 8 
years. Subjects had a mean age ± standard deviation (SD) 
of 24.7 ± 3.6 years, height of 167.5 ± 5.3 cm, and weight 
of 64.1 ± 9.1 kg. Informed consent was obtained before 
beginning the experiment, which was conducted accord- 
ing to the Declaration of Helsinki. The experimental 
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procedures were approved by the Ethics Committee of 
the National Institute of Fitness and Sports in Kanoya. 

Subjects were comfortably seated in an experimental  
chair in an electrically shielded, sound-attenuated room. 
Their forearms rested on an armrest while their hands 
were kept in a neutral position. After a warning signal 
was presented, a visual signal was presented by a red 
light-emitting diode (LED) that was 1 m in front of sub- 
jects, at eye level. When the LED lit up, subjects were 
asked to contract the right flexor pollicis brevis muscle 
as quickly as possible in reaction to the visual signal and 
then to relax the muscle. The inter-stimulus interval was 
varied randomly from 2 to 6 sec from the warning signal 
to avoid an anticipation effect for timing of the visual 
signal. Subjects were requested to avoid eye blinking 
during the task and to keep the right flexor pollicis brevis 
muscle relaxed between each trial. Complete muscle re- 
laxation and eye movements were confirmed online via 
audiovisual feedback by EMG activity and an electro- 
oculogram (EOG). The trials including eye blinks or 
other signal artifacts were excluded, and each subject 
performed the task until 50 artifact-free trials were ob- 
tained. 

During the task, EEG was recorded with Ag/AgCl elec- 
trodes from Fz, Cz, Pz and Oz according to the interna- 
tional 10 - 20 system with reference to linked earlobes. 
An EOG was recorded using electrodes above and below 
the left eye. The EEG and EOG signal were sampled at 
1000 Hz, filtered with a low-pass frequency of 300 Hz, 
and recordings were performed with a 32-channel digital 
DC EEG amplifier (NuAmps model; Compumedics Neu- 
roScan, Charlotte, NC). The EMG activity of the right 
flexor pollicis brevis muscle was recorded using surface 
EMG electrodes. A DL-141 single-differential, parallel- 
bar configuration (4 Assist, Inc., Japan) was put on the 
skin surface over the muscle. The EMG signal was fil- 
tered during acquisition with a bandwidth of 5 to 500 Hz 
and a gain of ×1000. The signal was digitized at 1000 Hz 
(16 bit, PowerLab, AD Instruments, Japan), recorded, 
and stored for off-line analysis (Chart 6, AD Instruments) 
on a personal computer. The MEP elicited by transcra- 
nial magnetic stimulation (TMS) was recorded from the 
flexor pollicis brevis muscle at rest. TMS was performed 
using a figure-eight coil (outer diameter 70 mm) con- 
nected to a monophasic Magstim 200 stimulator (Mag- 
stim, 200, UK). To define the optimal stimulation posi- 
tion (hot spot) for the muscle activation, the coil was 
placed over the left hemisphere, approximately 5 cm lat- 
eral to the Cz with the handle pointing backward and 45˚ 
laterally from the middle line. The site at which TMS of 
a slightly suprathreshold intensity consistently elicited 
the largest MEP in the muscle was marked as the motor 
hotspot. TMS was defined as 1.1 to 1.2 times the inten- 
sity at which TMS evoked MEP at 50% probability in 10 

to 15 trials [15]. We provided the stimulus at 5-sec in- 
tervals. 

Response time was measured from the recorded light 
signal and EMG. PMT was defined as the period between 
the onset of visual stimulus and the first deflection of 
response activity noted on EMG (Figure 1A). The VMRT 
was calculated as PMT minus MEP latency (from TMS 
stimulus to onset of MEP; Figure 1B), which was identi- 
fied as the period between the onset of visual signal and 
M1 [1]. The analysis epoch for stimulus-locked EEG was 
1000 msec including a pre-stimulus (light) baseline pe- 
riod of 100 msec. Peak latency of P3 was measured at 
250 - 500 msec from Fz, Cz, and Pz. VEP components 
(N1, P1, N2, and P2) were recorded from Oz, and the 
peak latency was measured at 50 - 100 msec, 70 - 140 
msec, 100 - 190 msec and 130 - 260 msec, respectively. 
All data were expressed as mean ± SD (Table 1). Corre- 
lation analysis was conducted to evaluate relationship 
between P3, VEP latencies, and response time, especially 
in VMRT. 

3. RESULTS 

Table 2 shows the correlation coefficient analyses results 
between the response time and each of P3 and VEP la-
tencies. Significant positive correlations were observed 
between Fz-, Pz-P3 latency and PMT, VMRT (r = 0.77 - 
0.85, P < 0.05; Table 2 and Figure 2(a)), and no signifi- 
cant correlations were observed between Cz-P3 latency. 
In the VEP, significant negative correlations were ob- 
served only between Oz-P2 latency and PMT, VMRT (r 
= −0.76, P < 0.05; Table 2 and Figure 2(b)). There was 
no significant correlation between MEP latency and each 
of P3 and VEP latencies. 

4. DISCUSSION 

There were two main findings in the present study. First, 
the P3 latencies of Fz and Pz were correlated with VMRT. 
Second, in terms of latencies for VEP, correlations were 
observed only between the Oz-P2 latency and VMRT. 

MEP latency typically includes a central motor con- 
duction time and a peripheral motor conduction time. 
The variation of MEP latency is affected by age but not 
by athletic training [1,16,17]. Our results also did not 
show that latencies of P3 or VEP were correlated with 
MEP latency. For healthy coeval subjects, as in the pre- 
sent study, MEP latency appears to be independent of 
rapidity of the visual response. The P3 latency reflects a 
measure of stimulus classification or evaluation speed. 
Several authors have discussed P3 components in visual 
event-related potentials. It was reported that P3 consists 
of complex waves of the higher order brain site originat- 
ing from the corpus callosum [18] and/or cortical com- 
munication system [19]. In addition, previous studies  
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Figure 1. Original electromyography (EMG) and electroencephalograms (EEG), measured at the simple-reaction 
task (A) or transcranial magnetic stimulation TMS (B). PMT, pre-motor time; MEP, motor evoked potentials. 

 
Table 1. Mean values and standard deviation of response time (pre-motor time [PMT], motor evoked potential [MEP] latency and 
visuo-motor related time [VMRT]) and peak latency of P300 (P3), visual evoked potentials (VEP). 

 Response time  

 PMT MEP latency VMRT  

Time (ms) 149.8 ± 6.3 21.3 ± 0.9 128.5 ± 6.8  

 Peak latency of P3 Peak latency of VEP 

 Fz-P3 Cz-P3 Pz-P3 Oz-N1 Oz-P1 Oz-N2 Oz-P2 

Time (ms) 302.1 ± 63.5 317.0 ± 41.9 273.4 ± 35.3 70.7 ± 7.2 101.4 ± 5.3 131.7 ± 6.3 216.9 ± 13.5 

 
using TMS and functional magnetic resonance imaging 
have shown that the posterior parietal cortex and frontal 
cortex are concerned with visuo-motor integration [2] 
and attentional control [20]. Our results showed that VMRT 
was positively correlated with P3 latency on Fz and Pz. 

Neural activities of the Fz and Pz regions might be the 
factors associated with the length of VMRT. 

Our second finding demonstrated a negative correla- 
tion between Oz-P2 and VMRT. Possible mechanisms 
that explain this correlation may result from visual proc-  
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Table 2. Correlation coefficients between response time pa- 
rameters (pre-motor time [PMT], motor evoked potential [MEP] 
latency and visuo-motor related time [VMRT]) and peak la- 
tency of P300 (P3), visual evoked potentials (VEP). 

 Response time 

  PMT MEP latency VMRT

Peak latency of P3 Fz-P3 0.875a −0.337 0.845a

 Cz-P3 −0.027 0.245 −0.056

 Pz-P3 0.797a −0.264 0.771a

Peak latency of VEP Oz-N1 0.047 0.308 0.003 

 Oz-P1 0.177 0.496 0.101 

 Oz-N2 −0.178 0.397 −0.215

 Oz-P2 −0.756a 0.488 −0.760a

aP < 0.05. 
 

 
(a)                          (b) 

Figure 2. Correlation between visuo-motor related time (VMRT) 
and peak latency of P300 (P3) and visual evoked potentials 
(VEP). Significant correlations were observed between VMRT 
and Fz-, Pz-P3 latency (a), and Oz-P2 latency in VEP (b). 

 
essing after primary visual cortex (V1) neurons. Because 
they are neuroanatomical connections, the extrastriate areas 
in the visual cortex, such as the secondary visual cortex 
(V2) and middle temporal (MT) neurons, receive infor- 
mation from the V1 neurons. These areas are not inde- 
pendent of each other but are mutually connected, and 
the frontal or parietal cortex receives information from 
the MT neurons in the end [21]. Previous brain studies of 
rats showed that neural circuits in the visual cortex have 

the ability to open a shortcut circuit with repetitive stimu- 
lation [22]. In addition, the P2 component in the VEP is 
known to be generated by current sources in the V2 neu- 
rons [23]. Our results showed that subjects who have 
longer P2 latency exhibit shorter VMRT (Figure 2(b)). 
However, even though subjects in this study also repeat- 
edly conducted the same simple task, the idea of a short- 
cut circuit is unlikely to be explained based on our re- 
sults. On the other hand, Raiguel et al. [24] reported that 
response latencies of visual cells after V1 neurons in the 
monkey are shorter in MT neurons than in V2 neurons. 
Considering the length of VMRT, which includes proc- 
essing in the higher order brain, the negative correlation 
might represent a pattern that excited MT neurons more 
preferentially than V2 neurons after V1 neurons. 
A principal limitation of this study is that results are 

based on a simple task. In addition, the relationship bet- 
ween VMRT and P3 or VEP latencies might have been 
affected by the fact that our subjects were athletes 
instead of sedentary people. 

In conclusion, this study found that P3 or VEP laten- 
cies correlate with VMRT but not MEP latency in PMT. 
Our results suggest that the length of the VMRT is re- 
lated to the processing involved in the higher order brain 
site involving specific processing in the visual cortex. 
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ABBREVIATIONS 

PMT, pre-motor time;  
EMG, electromyography;  
M1, primary motor cortex;  
VMRT, visuo-motor related time;  
MEP, motor evoked potentials;  
P3, P300;  
EEG, electroencephalograms;  
VEP, visual evoked potentials;  

EOG, electrooculogram;  
TMS, transcranial magnetic stimulation;  
V1, primary visual cortex;  
V2, secondary visual cortex;  
MT, middle temporal. 
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