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Conclusions

MEG imaging has the required millisecond temporal resolution needed 
to determine how the brain multi-tasks. Hence, it is well suited for studies 
of brain activity during simulated driving, which includes the performance 
of more than one task. In our primary studies, we acquired MEG data 
during a simulated study of driving where a driving scene was viewed. 
The primary driving task was to respond to a small red light by pressing a 
foot pedal. The reaction times to execute the pedal were recorded and 
subsequently related to changes in MEG data and imaged brain activities. 
MEG data were processed based on the synchronization of a red light 
presentation. For MEG data synchronized to the red light presentation, the 
amplitude of brain activity in the right parietal cortex reached its peak 
nearly 230 ms after light onset. In addition, brain activity was found to be 
inversely related to reaction time.

In our current study, we are using conversations involving emotional 
(angry vs. neutral voice) interactions. In addition, a lane tracking task was 
added to the study.  Subsequently, we image differences in brain activity 
that are associated with different combinations of conversation contents 
and reaction time performance. 

Here, we describe the methods we have developed to extract MEG 
signals related to driving task performance and subsequently image the 
signals and quantify differences in brain activity related to language and 
driving interaction. This study contributes to the understanding of neural 
mechanisms that underlie brain processing of information in multi-tasking 
environments. 

Introduction

Among different functional imaging techniques, MEG has sufficient 
temporal resolution for determining the sequence of brain activity associated 
with language processing (1-4).  In this research, we employ the MEG to 
study brain activity in a driving simulation scenario with a simultaneous 
conversation task designed to evoke emotional (angry and neutral voice) 
interactions. This work follows our preliminary MEG study of simulated 
driving performance (reaction time to light on stimulus) which used a 
relatively undemanding conversation task. In the current analysis, we will use 
a partial least squares method [5] to extract signals related to all the different 
driving task/conversation conditions as well as long versus short reaction 
times. This analysis will be applied to each subject separately. These 
individual imaging results will be combined by applying a transform that 
maps the location of activity to MNI coordinates. The final group averaged 
results will quantify differences in brain activity between types of 
conversation tasks and between driving plus conversation and the baseline 
(driving task only) condition. Further, within each driving/conversation (or 
driving only) condition the change of brain activity associated with reaction 
time will be determined. In our preliminary study [1], we found that changes 
in brain activity relating to reaction time were linearly related to a single 
component of MEG data arising primarily from the parietal and occipital 
cortex. Furthermore, our preliminary study showed, that in the parietal and 
occipital cortex, the amplitude of brain activity was inversely related to 
reaction time and adversely affected by the inclusion of the conversation. 
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• 16 Right-hand subjects with valid USA driver’s license were scanned 
with MEG while performing a simulated driving scenario. 

• 148 channels MEG: Magnetometers (4-D Neuroimaging Magnes
WH2500)

• Data were collected while the subjects lay on the bed in the magnetically 
shielded room. Subjects watched a video of a driving scene and pressed a 
pedal under their left foot when a red light appeared. Red light stimuli 
appeared in either the lower central or left peripheral visual field [1]. We 
termed this condition “No-Conversation”. Other conditions involved 
performing the same detection task while listening to an emotional (angry 
or neutral) conversation  presented as a simulated cell phone conversation 
and responding using covert (silent) speech. At the start of the 
conversation subjects pressed a button, placed under his/her right hand, to 
answer a ring, and then responded to simple pre-recorded questions in 
his/her mind. Presentation software was used to display the computer-
generated driving scene image, red light stimuli and the prerecorded 
questions. 

• Data were sampled at 508Hz, 0.01-100Hz and digitally filtered, 3-30Hz. 
Subsequently, bad channels were removed from the analysis. 

• Artifact removal techniques were also applied to refine the data.
• Data in a similar condition were averaged. Each condition was also 

divided into two groups based on the reaction time (short and long 
reaction time). Fig. 1 shows a typical averaged data (after applying all the 
above pre-processing modules) in the angry conversation while the red 
light comes on the center position of the screen and when the subject had 
a short reaction time. We show each of the possible condition by Ci. 

• Using partial least squares method [5], and the combination of all 
possible conditions, a signal space (SP) including the principle
components of the data were provided.

• We then cleaned the MEG data by projecting it on the SP and removing 
the least significant components. Fig. 2 displays the result.

Fig. 5. For this pilot subject, during the No-conversation brain activity modulations are 
statistically significant relative to the noise, for the Angry-conversation in the right parietal 
cortex, seen as red area in Slice 6 (Arrow).

Fig. 6. For this pilot subject, when reaction times increase brain activity modulations in the left 
parietal areas is reduced and frontal activity increases. Note the location changes of red to blue 
regions. 

Fig. 7. For this pilot subject, when reaction times increase brain activity modulation reduces activity in 
the parietal areas and increase the activity in the  frontal. This is more strongly seen during the angry 
conversation in this figure than in Fig. 6.

• We have described the methods that were developed for evaluating
changes in brain activity (detected by MEG) based on recorded reaction 
times.  

• This technique depicts brain activation modulation shifts as reaction times 
increase.

• As in our previous study [1], the right superior parietal region is more 
actively modulated in the no conversation condition.

• This single pilot study shows promise for these methods in identifying 
some neural effects of emotional content of conversations.

• These studies contribute to our understanding of the neural mechanisms 
that underlie brain activity in multi-tasking environments.

Fig. 1. A typical averaged 148-MEG data in angry conversation while the red light comes on 
the center position of the screen and when the subject had a short reaction time.

)1(

.

.

.
2

1

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡
•⎥

⎦

⎤
⎢
⎣

⎡
•⎥

⎦

⎤
⎢
⎣

⎡
=

⎥
⎥
⎥
⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢
⎢
⎢
⎢

⎣

⎡

Space
TaskDriving

onConversati

Values
Singular

Space
SignalMEG

C

C
C

n

Fig. 2. Cleaning the data by removing the least significant components.

• We applied the MR-FOCUSS-ICA [4] technique to localize brain activity. 
The ICA part of this technique obtains signals from distinct cortical 
sources and MR-FOCUSS images [6] the cortical activation 
corresponding to these ICA signals. Figs. 3 and 4 shows the brain activity 
modulations corresponding to the Angry-conversation and No-
conversation conditions, respectively.

• Finally, the difference in brain activity modulations related to different 
conversation contents were calculated. Here, we present the result of 
applying this technique to a typical subject to compare No-conversation 
versus Angry- conversation and also show the difference in brain activity  
with short and long reaction time.

• MEG-Tools is a freeware package available at: www.megimaging.com

Fig. 3. Brain activity modulations associated with MEG data obtained in angry-conversation while the red 
light came on and the subject had short reaction times.

Fig. 4. Brain activity  modulations associated with MEG data obtained in No-conversation while the 
red light came on and the subject had short reaction times.
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