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Abstract. A dual-modality method combining continuous-wave near-
infrared spectroscopy �NIRS� and event-related potentials �ERPs� was
developed for the Chinese-character color-word Stroop task, which
included congruent, incongruent, and neutral stimuli. Sixteen native
Chinese speakers participated in this study. Hemodynamic and elec-
trophysiological signals in the prefrontal cortex �PFC� were monitored
simultaneously by NIRS and ERP. The hemodynamic signals were rep-
resented by relative changes in oxy-, deoxy-, and total hemoglobin
concentration, whereas the electrophysiological signals were charac-
terized by the parameters P450, N500, and P600. Both types of sig-
nals measured at four regions of the PFC were analyzed and com-
pared spatially and temporally among the three different stimuli. We
found that P600 signals correlated significantly with the hemody-
namic parameters, suggesting that the PFC executes conflict-solving
function. Additionally, we observed that the change in deoxy-Hb con-
centration showed higher sensitivity in response to the Stroop task
than other hemodynamic signals. Correlation between NIRS and ERP
signals revealed that the vascular response reflects the cumulative ef-
fect of neural activities. Taken together, our findings demonstrate that
this new dual-modality method is a useful approach to obtaining more
information during cognitive and physiological studies. © 2009 Society of
Photo-Optical Instrumentation Engineers. �DOI: 10.1117/1.3247152�

Keywords: Chinese characters; Stroop task; near-infrared spectroscopy; event-
related potential; prefrontal cortex.
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Introduction

onflict processing, which includes conflict monitoring and
olving, is necessary to accomplish a specific task in a com-
lex situation. This processing typically occurs when a stimu-
us is accompanied by interference or facilitation information.
he Stroop task is a classical method of studying conflict
rocessing,1,2 which was developed in 1935 by John Ridley
troop, who discovered a cognitive delay when the meaning
f a printed word was inconsistent with the color of the word.
his phenomenon was dubbed the Stroop effect.3 The main

eature of the Stroop paradigm is instructing the subject to
espond to one dimension of a stimulus while ignoring its
ther dimensions, including interference and facilitation be-
ween different dimensions. Because the Stroop effect reflects
onflicts between different pieces of information,4 it has been
idely used in both clinical neuropsychology and experimen-

al psychology.5,6 Additionally, the task is often considered a
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hotonics, Wuhan National Laboratory for Optoelectronics, Huazhong Univer-
ity of Science and Technology, Wuhan 430074, China; Tel: +86-27-8779-2033;
ax: +86-27-8779-2034; E-mail: huigong@mail.hust.edu.cn
ournal of Biomedical Optics 054022-
gold standard in studies of attention.7 Many researchers have
also evaluated the cognitive control abilities of patients with
disorders using Stroop or Stroop-like tests.

Studies measuring neural electrical activity have shown
that responses to the Stroop task consist of two steps: stimulus
evaluation processing and response production processing,
which is also known as conflict processing. The response
originates in the conflict processing8,9 and event-related po-
tential �ERP� components, represents different cognitive
courses, and appears after 350 ms.10–12 This implies that the
generator of these components is located at the area executing
the cognitive function. Other studies measuring hemodynamic
signals and other metabolic changes showed that the anterior
cingulate cortex �ACC�, prefrontal cortex �PFC�, and
temporo-parietal cortex were activated during the Stroop
task.13,14 Among these brain regions, the ACC and PFC,
which are essential for goal-directed behavior with top-down
control,15 play a central role in the Stroop effect.10,12,16 In
particular, the PFC implements cognitive conflict control in
response production processing.17,18

1083-3668/2009/14�5�/054022/7/$25.00 © 2009 SPIE
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Near-infrared spectroscopy �NIRS� is a noninvasive optical
ethod that takes advantage of the sensitivity of NIR light to

emoglobin oxygenation-state shifts.19–21 Since Chance
t al.22 proved that hemodynamic signals in the brain could be
uantified by NIRS, many studies have demonstrated the va-
idity of this method20,23–27. In comparison to functional mag-
etic resonance imaging, NIRS can measure changes in blood
olume, oxy-hemoglobin ���oxy-Hb��, deoxy-hemoglobin
��deoxy-Hb��, and cytochrome-oxidase redox state.25 In
ost cases, ��oxy-Hb�, ��deoxy-Hb�, and total-hemoglobin

��tot-Hb�, the sum of ��oxy-Hb� and ��deoxy-Hb�� act as
IRS parameters that vary with brain cognitive activity.25,28

ne method, known as continuous-wave NIRS �CW-NIRS�,
oes not require strict motion restriction and is thus well
uited to studying children and the elderly.29 Moreover, the
W-NIRS system is portable and inexpensive30 and may po-

entially be coupled with ERP.31,32 Thus, CW-NIRS is a prom-
sing technique with many possible clinical applications.

Meanwhile, ERP measurements detect electrophysiologi-
al signals using scalp electrodes. Although an ERP signal has
ood temporal resolution, its spatial resolution is relatively
oor.31 In cognitive psychology, identifying time courses with
RP components is a common technique because the ERP
ignal supplements information about the time course of cog-
itive processes.

The hemodynamic signal reflects oxygenation, whereas the
lectrophysiological signal reflects neural network activity.
ogether, these two signals provide a physiological index of
rain activation. Simultaneous measurement of hemodynamic
nd electrophysiological signals may improve understanding
f neural mechanisms and the coupling of vascular and neural
esponses. Whereas conventional monitoring methods only
easure one of the signals, recent research has shown that

ual-modality approaches, combining two or more measure-
ent techniques, are both advantageous and feasible.31,33–35

In this study, we report a dual-modality method combining
W-NIRS and ERP measurements to monitor hemodynamic
nd electrophysiological signals, simultaneously, at four PFC
egions. To better understand the role of the PFC in conflict
rocessing, a Chinese-character color-word Stroop task, in-
luding congruent, incongruent, and neutral stimuli, was used
o study neural activity and its coupling with vascular re-
ponses.

Methods
.1 Subjects
ixteen healthy volunteers �right-handed, native Chinese
peakers, age 21–23 years old, 6 females and 10 males� par-
icipated in this experiment. All subjects had normal or
orrected-to-normal vision and normal color vision. No sub-
ect had a history of neurological, medical, or psychiatric dis-
rders, and none was taking medication during the measure-
ent period. Before the formal experiment, consent was

btained from each volunteer, and a practice exercise was
rranged to familiarize subjects with the task.

.2 Stimuli and Procedure
n event-related Stroop task was designed for this study. The

timuli consisted of two Chinese characters, and subjects were
ournal of Biomedical Optics 054022-
instructed to decide whether the color of the upper one
matched the meaning of the lower one.13 If the answer was
“Yes,” subjects pressed the F button with the index finger of
their left hand, whereas if the answer was “No,” they pressed
the J button with the index finger of their right hand.

Three kinds of stimuli were displayed �Fig. 1�a��: congru-
ent, incongruent, and neutral. These all included lower color-
meaning characters in black font. In the congruent trial, the
upper character was a color-meaning word �红, 綠, 黃, 蓝

meaning “red,” “green,” “yellow,” and “blue”� for which the
color and meaning were consistent. In the incongruent trial,
the upper character was a color-meaning word with disparate
color and meaning. Meanwhile, in the neutral trial, the upper
character was a non-color-meaning word �貫, 獎, 球, 涂,
meaning “pass through,” “prize,” “ball,” and “print”�. The test
included 60 judgment trials �20 congruent, 20 incongruent,
and 20 neutral stimuli�. In half of the trials, the color of the
upper character matched that of the lower character, whereas
the two characters were unmatched in the remaining half of
the trials

The experimental procedure was as follows �Fig. 1�b��. A
white cross appeared in the center of the screen for 30 s, and
the subjects should rest. A chime sounded right before the first
stimulus appeared, commencing the 60 trials. During the tri-
als, each picture remained on the screen for, followed by an
empty screen for 11,900 ms. The order of stimuli was pseu-
dorandom. After the final trial ended, the white cross again
appeared for 30 s, indicating a rest period.

Fig. 1 Experimental design. �a� Stimulus design of each trial, includ-
ing congruent, incongruent, and neutral stimuli. Each subject was
asked whether the color of the upper character was consistent with
the meaning of lower character. The correct answer was “Yes” for the
three pictures in the upper row and “No” for the three pictures in the
lower row. 貫, 獎 mean “pass though” and “prize,” respectively. 红,
綠, 黃, 蓝 correspond to “red,” “green,” “yellow,” and “blue.” �b� Test
protocol: between 30-s rests, 60 trials are administered in a pseudo-
random sequence. Each stimulus is displayed for only 100 ms, and
each trial lasts 12 s total. �Color online only.�
September/October 2009 � Vol. 14�5�2
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.3 NIRS
he CW-NIRS instrument used to measure changes in oxy-,
eoxy-, and tot-hemoglobin concentration is a portable brain
unction imager operating at three wavelengths �735, 805, and
50 nm�. It includes a probe, a measuring and controlling
odule, and a personal computer.36 The probe has two

ources and four detectors that define four areas. As shown in
ig. 2, channel A corresponds to the inferior left PFC, B cor-
esponds to the superior left PFC, C corresponds to the infe-
ior right PFC, and D corresponds to the superior right PFC.
he sampling frequency is 3.3 Hz, and the separation of
ource-detector pair is 4 cm, which makes the light available
o penetrate the scalp, skull, and cerebrospinal fluid, and be

odulated by cortical activity.37

The raw data were bandpass filtered using a Hanning Win-
ow with a cutoff frequency of 0.01 Hz to remove the base-
ine drifts and 0.7 Hz to filter pulsations due to heartbeat and
ther physiological noise. Three parameters were analyzed:
he average amplitude, peak amplitude, and latency of the
eak amplitude of each trial. We assessed 36 combinations
ased on three stimuli �congruent, incongruent, and neutral�,
hree hemodynamic parameters �oxy-, deoxy-, and tot-Hb�
nd four channels �A–D�. The average amplitude of each
timulus condition was averaged across 20 trials per subject.
he oxy-Hb and tot-Hb maxima and deoxy-Hb minimum
ere considered the peak amplitudes of each trial.

.4 ERP
he electrophysiological signal was recorded by a 64-channel
ystem using a bandpass filter of 0.05–100 Hz and sampling
ate of 1000 Hz �SynAmps2 amplifiers, Neuroscan Ltd.�.
nly four electrodes �FP1, FP2, AF3, and AF4 of 64 scalp

ites standardized by the American Electroencephalographic
ociety� located on the PFC were used in the study and sym-

ig. 2 Probe locations and defined area. �a� locations of NIRS optodes
nd ERP electrodes. �b� area defined for four channels. Channel A
ontains electrode FP1 of ERP and the Source 1-Detector 1 pair of
IRS; channel B contains electrode AF3 of ERP and the Source
-Detector 2 pair of NIRS; channel C contains electrode FP2 of ERP
nd the Source 2-Detector 3 pair of NIRS; and channel D contains
lectrode AF4 of ERP and the Source 2-Detector 4 pair of NIRS.
ournal of Biomedical Optics 054022-
metrically distributed from the NIRS optodes �Fig. 2�. The
reference electrodes were placed on the bilateral mastoid bone
behind the ear. An electrooculogram was also recorded by
four electrodes placed around the eyes. The impedance of all
electrodes was �5 k� during recording.

The ERP data were processed offline using Scan4.3 soft-
ware �Neuroscan Ltd.�. For each subject, the ocular artifact
was first removed. Next, the data were arranged into epochs
�200 ms prestimulus to 1000 ms poststimulus�, baseline cor-
rected, averaged with other data originating from the same
kind of stimuli, filtered by finite impulse response �FIR�
�0.8–17 Hz, 24 dB/oct, zero phase shift�, and baseline cor-
rected again. All subjects’ data were then group averaged.

2.5 NIRS-ERP Synchronization and Comparison
Presentation 0.53 software emitted signals to trigger NIRS
and ERP sampling at the beginning of the test. The
NIRS-ERP synchronization error was much smaller than the
NIRS sampling interval. Both correlations and linear regres-
sion were utilized to compare the NIRS and ERP signals. No
correction for multiple comparisons was performed, and re-
sults were considered significant if p�0.05.

3 Results
3.1 Behavioral Data
As shown in Fig. 3, the mean reaction time for the incongru-
ent stimulus �1319.65�67.14 ms� was longer than that for
the congruent �1236.91�74.08 ms� or neutral stimulus
�1297.47�70.34 ms�. Repeated measure analysis of vari-
ance �ANOVA� indicated statistically significant differences
between the incongruent stimulus and the other two
stimuli �congruent versus incongruent F1,15=7.081,
P=0.018�0.05; congruent versus neutral F1,15=1.795,
P=0.200�0.05; incongruent versus neutral F1,15=5.212,
P=0.037�0.05�. The mean error rate was higher for the in-
congruent stimulus �7.5�2.4% � than for the congruent
�6.9�2.1% � or neutral stimuli �6.25�1.5% �. Error rate had
no significant effect for all three stimuli by repeated-measure
ANOVA �F2,30=0.211, P�0.05�. The relative degrees of er-
ror rate for the three stimuli were also similar. However, the
between-subjects effect was significant and the variance of
each combination was large in magnitude.

Fig. 3 Reaction time �line� and error rate �bar� averaged across all
subjects. Mean±SEM �standard error of measurement�.
September/October 2009 � Vol. 14�5�3
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.2 NIRS data
s shown in Figure 4�a�, the average amplitudes of
�oxy-Hb� and ��deoxy-Hb� after an incongruent stimulus
ere significantly larger than those resulting from the other

wo stimuli ���oxy-Hb�: congruent versus incongruent

1,63=6.947, P=0.011�0.05; incongruent versus neutral

1,63=6.749, P=0.012�0.05; ��deoxy-Hb�: congruent ver-
us incongruent F1,63=5.436, P=0.023�0.05; incongruent
ersus neutral F1,63=5.216, P=0.026�0.05�. The activation
f congruent and neutral stimuli were not significantly differ-
nt from each other ���oxy-Hb�: F1,63=0.008, P=0.928

0.05�. Compared to the superior PFC �channels B and D�,

ig. 4 Hemodynamic signal measured by NIRS. �a� Average ampli-
udes of ��oxy-Hb�, ��deoxy-Hb�, and ��tot-Hb� detected by NIRS.
ach value is an average of all changes at the same location and for
he same trial around all subjects. Four channels are defined as in Fig.
. Mean±SEM. �b� Time courses of the averaged ��oxy-Hb� and
�deoxy-Hb� in channel A �left inferior area�. The time period extends

rom 2 s prestimulus to 12 s post-stimulus, and the gray bar represents
he 100-ms stimulus-displaying period.
ournal of Biomedical Optics 054022-
the inferior PFC �channels A and C� had a higher signal am-
plitude ���oxy-Hb�: F1,95=26.201, P=0.000�0.05�. In ad-
dition, note that the amplitude change of ��oxy-Hb� was
larger than ��deoxy-Hb� in all channels and the amplitude of
��tot-Hb� was similar to that of ��oxy-Hb�.

Figure 4�b� shows the amplitude of ��oxy-Hb� and
��deoxy-Hb� during a trial in the left inferior area �channel
A�. The response to incongruent stimuli occurred more rap-
idly, and its decrease occurred later, than that of congruent or
neutral stimuli. The time courses of both ��oxy-Hb� and
��deoxy-Hb� also showed that the incongruent stimulus had
the largest hemodynamic response, which returned to baseline
after �11 s poststimulus �1 s before the next stimulus�.

The time course of ��deoxy-Hb� showed two small peaks
for all stimuli. However, repeated-measure ANOVA showed
no significant difference between these two peaks for all three
stimuli. The time courses of both ��oxy-Hb� and ��tot-Hb�
had two peaks only in channel B after congruent and neutral
stimuli; in this study, we only chose the second peak for data
analysis.

The first peak latency of ��deoxy-Hb� was between 5 and
6 s, and the second was between 7 and 8 s. The only peak
latency of ��oxy-Hb� and ��tot-Hb� was between 5 and 7 s,
between the first and second peak latencies of ��deoxy-Hb�,
except for that of the incongruent stimulus. The incongruent
stimulus, which was the most challenging, had the shortest
latency time ���oxy-Hb�: congruent versus incongruent
F1,15=5.757, P=0.030�0.05; incongruent versus neutral
F1,15=9.001, P=0.009�0.01; ��deoxy-Hb� peak 1: congru-
ent versus incongruent F1,15=14.087, P=0.002�0.01; in-
congruent versus neutral F1,15=4.879, P=0.043�0.05;
��deoxy-Hb� peak 2: congruent versus incongruent F1,15
=12.093, P=0.003�0.01; incongruent versus neutral F1,15
=4.825, P=0.044�0.05; see Fig. 5�.

3.3 ERP Data
On the basis of ERP data, three feature-based components,
P450 �positive component from 400–450 ms time window�,

Fig. 5 Latency time of NIRS and ERP measurements averaged across
all subjects and channels. The NIRS signal includes four parameters
because ��deoxy-Hb� has two peaks in each channel ���deoxy-Hb�
peak 1 and ��deoxy-Hb� peak 2�. The ERP signal includes P450,
N500, and P600 as its three parameters. To more clearly display the
average values, the error bar was omitted.
September/October 2009 � Vol. 14�5�4
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500 �negative component from 450–550 ms time window�,
nd P600 �positive component from 600–700 ms time win-
ow�, showed significant differences for different stimuli. As
hown in Fig. 6�a�, all stimulation responses appeared later
han 350 ms. There were 36 combinations resulting from the
ombination of the three stimuli, three feature components
nd four channels.

Figure 6�b� shows the components’ amplitude in the chan-
els. The activation level displayed by P600 corresponded to
he difficulty level of the stimulus �incongruent�neutral

congruent; congruent versus incongruent F1,63=9.176, P
0.004�0.01; incongruent versus neutral F1,63=6.607, P
0.013�0.05; congruent versus neutral F1,63=5.752, P
0.019�0.05�. However, N500’s amplitude for the congru-

nt stimulus was the largest �congruent versus incongruent

1,63=9.176, P=0.004�0.01; incongruent versus neutral
=7.965, P=0.006�0.01�. P600 had the strongest re-

ig. 6 �a� Electrophysiological signal in FP1 �channel A�. The first
ertical line labels the start of the stimulus, and the second vertical
ine labels the 350 ms after stimulation. The three components of
450, N500, and P600 marked by arrows show significant differences
etween different stimuli after 350 ms. �b� Average amplitude of three
omponents from ERP measurement. Each value is an average of the
elated component at the same location and for the same trial around
ll subjects. Mean±SEM.
1,63

ournal of Biomedical Optics 054022-
sponse at the left inferior PFC �channel A�, whereas N500’s
strongest response was in the right superior area �channel D�.
For P450, the incongruent stimulus elicited a larger-amplitude
response in the superior PFC but a smaller response in the
inferior area. The peak latency of ERP also showed that more
difficult stimuli resulted in shorter latency time.

3.4 NIRS-ERP Correlation
To evaluate the correlation between the NIRS and ERP sig-
nals, we compared peak latency and peak amplitude data. We
first used Pearson correlation analysis to find stronger corre-
lation parameter pairs and then used a linear regression model
to characterize the magnitude of the correlation for those
pairs. On the basis of the peak latency data, we calculated
significant correlations between ��oxy-Hb� and N500 �r
=0.718, P�0.01� and between ��oxy-Hb� and P600 �r
=0.744, P�0.01�. Meanwhile, P450 had no significant cor-
relation with any hemodynamic parameter. In addition, the
single latency peak of ��deoxy-Hb� did not correlate with
electrophysiological signals. Analysis using a linear regres-
sion model demonstrated good linearity for latencies of N500
and P600 and ��oxy-Hb� �R2=0.636, P=0.011�. The model
also revealed very good linearity for latencies of N500 and
P600 and both peak latencies of ��deoxy-Hb� �R2=0.868,
P=0.012�. When the P450 latency was added as another in-
dependent variable, better linearity was achieved
���oxy-Hb�: R2=0.651, P=0.031; ��deoxy-Hb�: R2

=0.932, P=0.013�.
The peak amplitude of P600 significantly correlated with

the amplitudes of many hemodynamic parameters, especially
in the inferior left area �Table 1�. A 0.05-level correlation
between P600 and the second peak of ��deoxy-Hb� was ob-
served, but not between P600 and the first peak. In contrast to
P600, no significant correlation was observed between N500
or P450 and any hemodynamic parameter. A linear regression
model was established using the peak values of N500, P600,
and the first peak value of ��deoxy-Hb� as independent vari-
ables and the second peak value of ��deoxy-Hb� as a depen-
dent variable �R2=0.791, P=0.018�. A better linear regres-
sion model was also established with P450 as an additional
independent variable �R2=0.868, P=0.003�. Thus, a model
with more component information had better linearity, just as
in the case of the peak latencies. Meanwhile, the peak value
of ��oxy-Hb� had no significant linear relationship with elec-
trophysiological signals.

4 Discussion and Conclusions
In this study, all behavioral, NIRS, and ERP data reflected the
Stroop effect. Both hemodynamic and electrophysiological
signals, measured simultaneously by NIRS and ERP, respec-
tively, at four regions of the PFC �channels A–D� were con-
sistent with corresponding independent measurements. The
experimental results demonstrated the feasibility of using a
dual-modality method, combining CW-NIRS and ERP mea-
surements, for investigating cognition and physiology.

4.1 PFC Activation in Conflict Solving Processing
As mentioned earlier, responses to the Stroop task usually
include two-step stimulus evaluation processing and response
production processing �also known as conflict processing�. Al-
September/October 2009 � Vol. 14�5�5
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hough the hemodynamic signals measured by NIRS provided
ood PFC location information, they could not resolve or dis-
inguish whether the step occurred in the PFC due to the
troop effect. Meanwhile, ERPs directly reflect neural activity
nd the component latency is consistent with the sequence of
ognitive activity.

Compared to previous studies of the Stroop effect, stimu-
ated using either English words12 or Chinese characters,38 our
RP data showed similar time courses that also suggested that
onflict processing happens in the PFC. On the basis of these
ata, the three feature-based components P450, P600, and
500 showed significant correlation with the Stroop effect.
e also found significant spatial and temporal correlations

etween P600 and hemodynamic signals, whereas N500 and
450 did not show significant spatial correlation. Considering

hat ERP data have higher temporal resolution but lower spa-
ial resolution than NIRS data, the generators of N500 and
450 are located farther from the PFC than that of P600. P600
hows the most significant correlation with the left inferior
rea, suggesting that its generator is proximal to this area. The
arger amplitude of hemodynamic and electrophysiological
ignals in the left inferior area also supports this inference.

P600 is the last component of ERP, representing the final
ourse of cognitive neutral activity �Fig. 6�. In the Stroop
ask, the final course of cognition is solving conflict and re-
eiving judgment. The results of our study support the hy-
othesis that conflict solving is one function of the PFC and
hat the PFC is the last activation area in the Stroop task.
500 is slightly earlier, possibly reflecting conflict monitoring
rocessing. Some researchers have reported that the ACC is
ctivated after the PFC,10,38 whereas others have shown that
he ACC plays a role in conflict monitoring,39–42 implying that
t is activated earlier than the PFC. Our study supports the
ormer finding.

.2 Physiological Signals in Conflict Solving
Processing

he results of our linear regression model suggest that hemo-
ynamic signals reflect the cumulative effect of electrophysi-
logical signals. However, the contribution of each electro-
hysiological component to the peak hemodynamic signal is
ifferent. For example, our data show that the contribution of
450 is not as substantial as that of P600, suggesting that
emodynamic change mainly reflects conflict solving process-
ng. The linear regression models of peak amplitude imply the
umulative effect directly. The models of latency time simi-

Table 1 Correlation of NIRS and ERP sig

oxy-Hb peak deoxy-Hb peak 1

P600 0.59a −0.56

N500 0.349 −0.294

P450 0.502 −0.345

The tot-Hb data are not shown because the correlations r
“deoxy-Hb 1” and “deoxy-Hb 2” correspond to the two
aCorrelation is significant at the 0.05 level �2-tailed�.
bCorrelation is significant at the 0.01 level �2-tailed�.
ournal of Biomedical Optics 054022-
larly imply a cumulative effect, although the peak amplitude
of the hemodynamic signal appears later than that of electro-
physiological components.

As shown in Sec. 3.2, the measured time course of the
hemodynamic signals included two peaks. However, a previ-
ous study with a similarly event-related design reported only
one peak.13 This discrepancy may be because the previous
study’s NIRS signal was fit to a Gaussian function. Addition-
ally, the study’s behavioral data differed from those of the
current report, in which the reaction time was �1 s for all
subjects. The difference in reaction time is related to the re-
sponse bias of the subject and experimental instructions.
Longer reaction time may cause divided peaks.

Our results also demonstrate that ��deoxy-Hb� is a more
sensitive parameter that strongly correlates with electrophysi-
ological signals. ��Deoxy-Hb� reflects oxygen consumption
due to active cognition, so its two peaks imply the occurrence
of two cognitive processes. It is suggested that the hemody-
namic parameters, in addition to electrophysiological signal,
can provide comprehensive information for dissociating cog-
nitive processes.

In conclusion, we investigated the correlation between he-
modynamic and electrophysiological signals in the Chinese-
character Stroop paradigm using a dual-modality �NIRS and
ERP measurements� approach. The positive component from
600 to 700 ms showed strong correlation with the hemody-
namic parameters in the PFC. On the basis of correlation
analysis of NIRS and ERP signals, the PFC executes conflict
solving. The hemodynamic signal reflects the cumulative ef-
fect of the neural response. ��Deoxy-Hb� had two peaks dur-
ing the trial and was more sensitive than other hemodynamic
parameters. Supplementing NIRS with ERP’s temporal data
allows NIRS to identify the specialization function of an area
and reveal, cognitive connections between areas. Thus, this
dual-modality method is a promising approach to investigat-
ing neurovascular coupling in physiology and cognition.
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