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Abstract. By using near-infrared spectroscopy �NIRS�, we measured
the changes in the oxygenated and deoxygenated hemoglobin
�oxy-Hb and deoxy-Hb, respectively� concentrations while perform-
ing visual tasks. We conducted experiments using two tasks: a shape
recognition task and a position recognition task. It was found that the
oxy-Hb concentration was substantially higher in the lateral occipital
regions during shape recognition than during position recognition.
The changes in the oxy-Hb concentration were considered to reflect
the activation difference between the two tasks. No difference was
observed in the oxy-Hb concentration during the memorization of
shape and memorization of position. The deoxy-Hb concentration
was different between the two tasks only when different stimuli were
used but not when identical stimuli were used. In addition, it was
suggested that the deoxy-Hb concentration is more sensitive to acti-
vation difference between the hemispheres and the activation at some
regions. Measurements of the oxy-Hb and deoxy-Hb concentrations
would reflect different aspects of cortical activations. The present re-
sults showed that measuring the oxy-Hb and deoxy-Hb concentra-
tions separately can differentiate the activation of the regional cortical
functions. © 2007 Society of Photo-Optical Instrumentation Engineers.
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Introduction

ear-infrared spectroscopy �NIRS� is a relatively new nonin-
asive technique used to measure regional brain activity. The
eneral rationale behind NIRS is that the amount of near-
nfrared light passing through the tissues reflects the hemoglo-
in concentration depending on the level of brain activity.1–5

he regional cerebral blood flow �rCBF� increases with the
xygenation demand during neural activation;6 as a result, in
he activated brain regions, the concentration of oxygenated
emoglobin �oxy-Hb� increases, whereas that of deoxygen-
ted hemoglobin �deoxy-Hb� decreases. Therefore, measure-
ent of the oxy-Hb and deoxy-Hb concentrations can be used

o infer the activation of the cerebral region.
In comparison to other functional brain imaging tech-

iques, NIRS has disadvantages with regard to its spatial reso-
ution and measurable areas: NIRS can measure only the sur-
ace of the cortex �at a depth of 30 mm from the scalp� with

spatial resolution of approximately 30 mm, whereas posi-
ron emission tomography �PET� and functional magnetic
esonance imaging �fMRI� can measure the entire brain with a
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spatial resolution of 1 to 10 mm. Nevertheless, the use of
NIRS has several advantages over the other brain imaging
techniques. First, measurements can be performed in usual
settings in which participants are not required to assume the
supine position on a scanner table. Second, NIRS has rela-
tively low running cost and is quite easy to handle. Third,
NIRS can measure the oxy-Hb and deoxy-Hb concentrations
separately based on differences in the optical absorptions of
oxy-Hb and deoxy-Hb.

The first objective of the present study was to examine
whether NIRS signals are consistent with the findings of PET
and/or fMRI studies in order to validate the feasibility of
NIRS as an alternative brain imaging technique. It is well
known that the lateral occipital regions of the brain are acti-
vated during the recognition of complex patterns. By using
PET or fMRI, several studies have shown that the lateral bank
of the fusiform gyrus extending ventrally and dorsally, which
is also known as the lateral occipital complex, is activated
when participants recognize complex patterns such as faces
and familiar objects.7–9 Thus, in our study, we tested whether
NIRS could measure the brain activity around the lateral oc-
cipital regions.
1083-3668/2007/12�6�/062109/8/$25.00 © 2007 SPIE
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The second objective was to determine the relationship
etween the oxy-Hb and deoxy-Hb concentrations. Although
esearchers have started using NIRS for studying various
rain functions pertaining to language recognition,10 visual
erception,11–13 motor control,14–16 etc., most of them have
tudied changes in the concentrations of oxy-Hb and total
emoglobin �the sum of the oxy-Hb and deoxy-Hb concentra-
ions�. The study of deoxy-Hb concentration has received con-
iderably less attention, and the nature of deoxy-Hb during
eural activation is not thoroughly understood. We want to
ompare the changes in the oxy-Hb and deoxy-Hb concentra-
ions by using NIRS. We hypothesized that during shape rec-
gnition, the oxy-Hb and deoxy-Hb concentrations would in-
rease and decrease, respectively, in the lateral occipital
egions.

Experiment 1
e measured the changes in the oxy-Hb and deoxy-Hb con-

entrations in the lateral occipital regions during shape recog-
ition. Participants performed a shape recognition task and a
osition recognition task. In the shape recognition task, the
articipants judged whether successively presented stimuli
ere identical in shape to the remembered target. In the po-

ition recognition task, the participants judged whether suc-
essively presented lines were above or below the remem-
ered target line. This task was designed to be compared with
he shape recognition task for controlling residual factors such
s decision-making, motor control, etc. In the shape recogni-
ion task, the participants had to focus more on the shape of
he stimuli rather than their position. Therefore, the activation
n the lateral occipital regions was expected to be larger in the
hape recognition task than in the position recognition task.
his would result in higher oxy-Hb concentration and lower
eoxy-Hb concentration in the shape recognition task.

.1 Participants
eventeen volunteers participated in Experiment 1, all of
hom were right-handed and had normal or corrected-to-
ormal visual acuity. Their mean age was 22.2 years
20 to 31 years�.

.2 Apparatus
22-inch CRT display �Dell P1230� and a personal computer

Apple Power Macintosh G4� were used for presenting
timuli. The display resolution was set at 1024�768 pixels
ith a refresh rate of 85 Hz. The computer recorded the judg-
ents of the participants. We used a 24-channel NIRS instru-
ent �ETG-4000 Optical Topography System; Hitachi Medi-

al Co.� to measure the relative changes in the oxy-Hb and
eoxy-Hb concentrations. This instrument generated near-
nfrared light at two wavelengths �695 and 830 nm�.

.3 Stimuli
timuli for the shape recognition task comprised meaningless

ine drawings that subtended a visual angle of approximately
3 deg�13 deg �Fig. 1�. The shape of the line drawings was
efined by 12 points that were smoothly connected with a

ézier curve. In the position recognition task, the stimuli

ournal of Biomedical Optics 062109-
comprised horizontal lines �visual angle of 2.3 deg
�0.1 deg�. Both stimuli were depicted using white lines on a
black background.

2.4 Procedure
Each session comprised six experimental blocks. Figure 2
shows the testing protocol for experiments. In each experi-
mental block, participants alternately performed the shape and
position recognition tasks with a 60-s resting period between
the tasks. During the resting period, a white fixation point was
presented at the center of the display, and the participants
were asked to keep their eyes on the fixation point.

Each task period for the shape recognition task proceeded
in the following sequence. At the beginning of a task period,
we presented a red fixation point at the center of the display
for 2 s, followed by the memorization phase, during which a
target to be memorized was presented for 4 s. Then, after
showing a blank screen for 4 s, the recognition phase started.
In the recognition phase, 20 test stimuli comprising 4 targets
and 16 distractors were successively presented in random or-
der for 2 s each, with 0.5-s intervals. The position of each
stimulus was displaced randomly in the horizontal and verti-
cal directions within a range of 1.1 deg of the visual angle.
The participants judged whether the presented stimulus was

Fig. 1 Examples of stimuli used in the shape recognition task: �a� a
target stimulus, �b� distractor stimuli.

Fig. 2 Testing protocol for Experiments 1 and 2. A block consisted of
two task periods and two resting periods. �a� Task periods for the
shape and position recognition tasks were alternately performed with
a resting period of 60 s. �b� At the beginning of a task period, a red
fixation point or a word �“shape” or “position”� was presented for 2 s,
followed by the memorization phase. After a blank screen for 4 s, the

recognition phase started.

November/December 2007 � Vol. 12�6�2
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dentical to the remembered target. They responded by press-
ng two keys with two index fingers or two middle fingers.

The procedure of the position recognition task was similar
o that of the shape recognition task. In the position recogni-
ion task, the participants memorized the position of a hori-
ontal line instead of the shape of a meaningless line drawing.
he target line was presented at 0 deg, 1.5 deg, or 3 deg
ertically from the center of the display. In the recognition
hase, 20 test lines were successively presented at 1.5 deg,
deg, 4.5 deg, or 6 deg above or below the target line pre-

ented in the memorization phase. The participants judged
hether each test line was above or below the target line.

Before the start of a session, the participants were in-
tructed about the tasks and experimental sequences. How-
ver, they were unaware of the purpose of the present study.
he participants performed a practice block before beginning

he experimental blocks. The practice for the shape recogni-
ion task was performed using simple figures �triangle, square,
entagon, hexagon, and circle� instead of meaningless line
rawings.

.5 NIRS Measurements
e placed two 3�3 arrays of photodiodes comprising five

ight emitters and four detectors on the left and right lateral
ccipital areas of the participants’ heads �Fig. 3�. The distance
etween the emitters and detectors was 3 cm. The centers of
he bottom arrays of the photodiodes were positioned at the

idpoints of T3 and OZ and T4 and OZ, respectively, accord-
ng to the International 10–20 System of electrode placement.
he bottom array of photodiodes was placed along the line

ig. 3 Position of photodiodes used for NIRS measurements. Two 3
3 arrays of photodiodes comprising five light emitters �open circles�

nd four detectors �solid circles� were placed on the left and right
ateral occipital areas of the head. Photodiodes placed on the left side
f the head are shown in the figure. The hemoglobin concentration
as measured at 24 channels �12 channels for each hemisphere� be-

ween the photodiodes. The numbers indicate the measurement areas
nd the channels.
assing through T3, OZ, and T4. We measured the changes in

ournal of Biomedical Optics 062109-
the oxy-Hb and deoxy-Hb concentrations at 24 channels
�hereafter represented as Ch.� corresponding to the 6�6 cm
areas covered by the emitters and detectors. The sampling rate
of each channel was 10 Hz.

2.6 Data Correction
Hemoglobin concentration often gradually increases or de-
creases throughout the experiments. In order to correct such a
long-term transition in the hemoglobin concentration, we fit-
ted linear functions to the data for each participant and each
channel and subtracted the values of the linear functions from
the data. We then applied a temporal low-pass filter with a
cutoff frequency of 0.1 Hz to remove noise.

Next, we performed a baseline correction using mean val-
ues during the latter half of the resting period as a baseline.
Specifically, for each task period, we calculated mean values
during the latter half of the resting period that proceeded the
task period and subtracted the mean values from the data. The
baseline-corrected data were averaged for each task condition.
We considered the averaged values as the changes in the he-
moglobin concentration in each task.

2.7 Results and Discussion
Figure 4 illustrates the time course of changes in the oxy-Hb
and deoxy-Hb concentrations. The oxy-Hb concentration
abruptly increased soon after the start of the task period and
then immediately decreased. This transient increase would re-
flect activation during the memorization phase. Following the
transient increase, the oxy-Hb concentration persistently de-
creased, and the deoxy-Hb concentration increased. We
speculate that this persistent change could be due to head
movements such as leaning forward, which decreased the ce-

Fig. 4 Time course of changes in the oxy-Hb and deoxy-Hb concen-
trations in Experiment 1. Error bars show the means during memori-
zation �4 to 10 s� and recognition �30 to 60 s� of stimuli and its stan-
dard errors �n=17�. �a� Whole average of the changes in the shape
recognition task. �b� Whole average of the changes in the position
recognition task. �c� The changes at Ch. 9 in the right hemisphere in
the shape recognition task. �d� The changes at Ch. 9 in the right hemi-
sphere in the position recognition task.
rebral blood flow in the lateral occipital regions. As expected,

November/December 2007 � Vol. 12�6�3
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he results showed higher oxy-Hb concentration in shape rec-
gnition than in position recognition during the latter half of
he task periods. This trend would reflect activation during the
ecognition phase.

Figure 5 shows activation maps of mean changes in the
xy-Hb and deoxy-Hb concentrations during 2 to 8 s after the
tart of the memorization phase. In these maps, we interpo-
ated the data from the mean changes in the hemoglobin con-
entration at 12 channels by using a spline function. We sub-
ected the means of the oxy-Hb concentration during that time
ange to a 2�12�2 �task�channel�hemisphere� analysis
f variance �ANOVA� with repeated measures. The Huynh-
eldt correction was applied to the degrees of freedom when

he data did not meet the sphericity assumption. The main
ffect of “channel” �F�5.0,80.4�=3.96, p�0.05� and the
ask�channel�hemisphere interaction �F�11.0,175.8�
2.07, p�0.05� were significant. As Fig. 5�a� shows, the

ctivated channels were different between the hemispheres
nly for position recognition, but not for shape recognition.
he three-way interaction reflects this difference. Since we
ere concerned about the hemodynamic difference between

ig. 5 Activation maps of mean changes in the hemoglobin concen-
ration during 2 to 8 s after the start of the memorization phase in
xperiment 1. No significant difference was observed between the
asks. �a� Results of the oxy-Hb concentration. �b� Results of the
eoxy-Hb concentration.
he tasks, we tested the simple interaction between “task” and

ournal of Biomedical Optics 062109-
“channel” and the simple-simple main effects of “task.” How-
ever, they were not significant. We also applied an ANOVA to
the means of the deoxy-Hb concentration in a manner similar
to the oxy-Hb concentration. In this case, only the main effect
of “channel” was significant �F�5.6,88.9�=4.68, p�0.05�.
The other main effects and all the interactions were not sig-
nificant. These results suggest that neither oxy-Hb nor
deoxy-Hb concentration was different between the tasks dur-
ing the memorization of stimuli.

Figure 6 shows activation maps of the oxy-Hb and
deoxy-Hb concentrations during the latter half of task periods
�20 to 50 s after the start of the recognition phase�. We ap-
plied a 2�12�2 �task�channel�hemisphere� ANOVA
with repeated measures to the means of the oxy-Hb concen-
tration. The main effect of “channel” was significant
�F�7.4,118.6�=2.63, p�0.05�, indicating that the mean
changes in the oxy-Hb concentration were different among
the channels. The interaction between “task” and “channel”
was significant �F�5.2,83.6�=2.77, p�0.05�. This interac-

Fig. 6 Activation maps of mean changes in the hemoglobin concen-
tration during the latter half of task periods �20 to 50 s after the start of
the recognition phase� in Experiment 1. Circles on the maps illustrate
positions of the channels. Red circles indicate the channels where the
hemoglobin concentration was significantly different between the
tasks. Channel numbers are shown on the bottom maps. �a� Results of
the oxy-Hb concentration. �b� Results of the deoxy-Hb concentration.
tion implies that the changes in the oxy-Hb concentration

November/December 2007 � Vol. 12�6�4
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ere different between the tasks in some channels. The other
ain effects and interactions were not significant.
To clarify the task�channel interaction, we tested the

imple main effects of “task” for each channel. The simple
ain effects were significant for Ch. 5 �F�1,99.6�=5.59, p
0.05� and Ch. 9 �F�1,99.6�=4.70, p�0.05�; the oxy-Hb

oncentration at Ch. 5 and Ch. 9 �red open circles� was higher
n the shape recognition task than in the position recognition
ask �Fig. 6�a��. These results suggest that shape recognition
ctivated regions at and around Ch. 5 and Ch. 9.

We also subjected the means of the deoxy-Hb concentra-
ion during the latter half of task periods to a 2�12�2
task�channel�hemisphere� ANOVA with repeated mea-
ures. The main effect of “channel” was significant
F�7.1,114.3�=3.41, p�0.05�, indicating that the deoxy-Hb
oncentration was different among the channels. The main
ffect of “hemisphere” was also significant �F�1,16�=9.39,

p�0.05�. This suggests that the deoxy-Hb concentration was
ower in the right hemisphere than in the left hemisphere �Fig.
�b��. Although the main effect of “task” was not significant,
here were significant interactions between “task” and “chan-
el” �F�7.3,116.1�=3.81, p�0.05� and between “task,”
channel,” and “hemisphere” �F�9.2,146.9�=3.35, p�0.05�.
hese interactions suggest that the mean changes in the
eoxy-Hb concentration were different between the tasks at
ome channels.

To clarify the task�channel�hemisphere interaction, we
ested the simple task�channel interactions for each hemi-
phere. The simple interactions were significant for both the
eft hemisphere �F�11,263.0�=3.14, p�0.05� and the right
emisphere �F�11,263.0�=2.38, p�0.05�, indicating that
he channels behaved differently across the hemisphere. We
hen tested the simple-simple main effects of “task” for each
emisphere and each channel. In the left hemisphere, the
imple-simple main effects were significant for Ch. 5
F�1,295.0�=15.58, p�0.05�, Ch. 7 �F�1,295.0�=6.64, p

0.05�, and Ch. 10 �F�1,295.0�=5.37, p�0.05� �red open
ircles in Fig. 6�b� left maps�. In the right hemisphere, the
imple-simple main effect was significant only for Ch. 5
F�1,295.0�=13.99, p�0.05� �red open circles in Fig. 6�b�
ight maps�. At these channels, the deoxy-Hb concentration
as lower in the shape recognition task than in the position

ecognition task. These results suggest that shape recognition
ctivated regions at and around the channels.

To examine the difficulty of the two tasks, we calculated
� from the correct answer rates �hit and correct rejection
ates� for each observer and subjected them to one-factor
NOVA with repeated measures. The values of d� for the

hape recognition task �1.89� were lower than those for the
osition recognition task �2.37� �F�1,16�=6.89, p�0.05�. In
ther words, the shape recognition task was more difficult
han the position recognition task.

In summary for Experiment 1, during the latter half of the
ask periods, the oxy-Hb concentration in the shape recogni-
ion task was higher than in the position recognition task at
h. 5 and Ch. 9; on the other hand, the deoxy-Hb concentra-

ion was lower in the shape recognition task than in the posi-
ion recognition task at Ch. 5 in both hemispheres and at Ch.
and Ch. 10 in the left hemisphere. These results suggest that
he lateral occipital regions were activated when the partici-

ournal of Biomedical Optics 062109-
pants performed the shape recognition task. However, since
different types of stimuli were used for the two tasks in this
experiment and the difficulty of the tasks differed, it is unclear
whether the activation resulted from the properties of the task,
stimuli, and/or difficulty. To address these points, we con-
ducted Experiment 2.

3 Experiment 2
We performed Experiment 2 in a similar manner to Experi-
ment 1, except for the following changes.

3.1 Changes in Experiment 2
Each session comprised a practice block and four experimen-
tal blocks. We decreased the number of experimental blocks
from six to four in order to reduce the fatigue of the partici-
pants and to retain their concentration on the experiment.

A chin rest restricted the head movements of the partici-
pants during the experiments.

At the beginning of each task period, a word—“shape” or
“position”—was placed on the center of the display for 2 s,
instead of a red fixation point.

The meaningless line drawings were used as stimuli for
both the shape and position recognition tasks �Fig. 1�. In the
position recognition task, the participants judged whether the
position of the meaningless line drawings, instead of horizon-
tal lines, was identical to the position of target presented in
the memorization phase. Among the twenty presentations in
each recognition phase, the positions of four were identical to
that of the target. The shape recognition task was the same as
that performed in Experiment 1. The range of random stimu-
lus displacement in each trial was at visual angle of −3 deg,

Fig. 7 Time course of changes in the oxy-Hb and deoxy-Hb concen-
trations in Experiment 2. Error bars show the means during memori-
zation �4 to 10 s� and recognition �30 to 60 s� of stimuli and its stan-
dard errors �n=14�. �a� Whole average of the changes in the shape
recognition task. �b� Whole average of the changes in the position
recognition task. �c� The changes at Ch. 9 in the right hemisphere in
the shape recognition task. �d� The changes at Ch. 9 in the right hemi-
sphere in the position recognition task.
0 deg, or 3 deg. We increased the range of random stimulus

November/December 2007 � Vol. 12�6�5
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isplacement so that the difficulty of the task did not exten-
ively differ between the shape and position recognition tasks.

Fourteen volunteers participated in Experiment 2, all of
hom were right-handed and had normal or corrected-to-
ormal visual acuity. Their mean age was 19.9 years
19 to 22 years�.

.2 Results and Discussion
igure 7 illustrates the time course of the changes in the
xy-Hb and deoxy-Hb concentrations. There appears to be at
east two components of changes in the oxy-Hb concentration.
ne component is the transient increase immediately after the

tart of the task periods. The transient increase would reflect
ctivation during the memorization phase. The other compo-
ent is the sustained increase during the recognition of the
timulus shape, which appears in the latter half of the task
eriods. The sustained increase would reflect activation dur-
ng the recognition phase. The deoxy-Hb concentration de-
reased immediately after the oxy-Hb concentration started to
ncrease.

Figure 8 shows the activation maps of the oxy-Hb and
eoxy-Hb concentrations during 2 to 8 s after the start of the
emorization phase. We applied a 2�12�2 �task

ig. 8 Activation maps of mean changes in the hemoglobin concen-
ration during 2 to 8 s after the start of the memorization phase in
xperiment 2. No significant difference was observed between the
asks. �a� Results of the oxy-Hb concentration. �b� Results of the
eoxy-Hb concentration.
channel�hemisphere� ANOVA to the means of the

ournal of Biomedical Optics 062109-
oxy-Hb concentration. Although the main effect of “hemi-
sphere” �F�1,13�=7.70, p�0.05� and the main effect of
“channel” �F�6.76,87.8�=3.70, p�0.05� were significant,
the main effect of “task” and all the interactions were not
significant. We also applied an ANOVA to the means of the
deoxy-Hb concentration. Although the main effect of “hemi-
sphere” �F�1,13�=6.45, p�0.05� and the interaction be-
tween “channel” and “hemisphere” �F�7.92,102.9�=2.07, p
�0.05� were significant, the main effect of “task” and the
interaction including “task” were not significant. These results
suggest that the oxy-Hb and deoxy-Hb concentrations showed
the same activation trend for both tasks during the memoriza-
tion of stimuli. Further, as observed in Fig. 7, the oxy-Hb
concentration increased in both the shape and position recog-
nition tasks.

Figure 9 shows the activation maps for the oxy-Hb and
deoxy-Hb concentrations during the latter half of the task pe-
riods �20 to 50 s after the start of the recognition phase�. The
means of the oxy-Hb concentration were subjected to a 2
�12�2 �task�channel�hemisphere� ANOVA with re-

Fig. 9 Activation maps of mean changes in the hemoglobin concen-
tration during the latter half of task periods �20 to 50 s after the start of
the recognition phase� in Experiment 2. �a� Results of the oxy-Hb
concentration. The oxy-Hb concentration was significantly higher in
the shape recognition task than in the position recognition task as a
whole. �b� Results of the deoxy-Hb concentration. No significant dif-
ference was observed in the deoxy-Hb concentration between the
tasks.
peated measures. The main effect of “task” was significant.

November/December 2007 � Vol. 12�6�6



T
h
t
�
c
T
�
c
t
n
w
t
s
s

c
�
p
�
c
t
t

m
w
d
s
�
t
t
t
s
p

4
I
n
n
C
r
w
o
b

a
t
b
r
t
p
t
p
e
s
c
a

o
c
i

Maehara, Taya, and Kojima: Changes in hemoglobin concentration…

J

hat is, the mean changes in the oxy-Hb concentration were
igher in the shape recognition task �32.6 micromol�mm�
han in the position recognition task �2.2 micromol�mm�
F�1,13�=5.21, p�0.05�. This suggests that the oxy-Hb
oncentration increased during the shape recognition task.
he main effect of “channel” was also significant
F�5.1,66.1�=7.28, p�0.05�, indicating that the mean
hanges in the oxy-Hb concentration were different among
he channels. The main effect of “hemisphere” was not sig-
ificant. The interaction between “channel” and “hemisphere”
as significant �F�6.6,85.8�=2.61, p�0.05�, indicating that

he oxy-Hb concentration was different between the hemi-
pheres at some channels. The other interactions were not
ignificant.

We also subjected the mean changes in the deoxy-Hb con-
entration during the latter half of the task periods to a 2

12�2 �task�channel�hemisphere� ANOVA with re-
eated measures. The main effect of “channel” was significant
F�3.7,48.5�=6.20, p�0.05�, indicating that the mean
hanges in the deoxy-Hb concentration were different among
he channels. However, the other main effects and all the in-
eractions were not significant.

We calculated d� as an index of the behavioral perfor-
ance for each task and subjected them to one-factor ANOVA
ith repeated measures to determine the differences in the
ifficulty between the tasks. No significant difference was ob-
erved in the values of d� between the shape recognition
2.41� and position recognition �3.07� tasks. This implies that
here was no significant difference in difficulty between the
asks in Experiment 2. Therefore, the task difficulty was not
he main cause for the higher oxy-Hb concentration during the
hape recognition task; rather, the nature of the task was a
robable reason for this difference.

General Discussion
t was found that the oxy-Hb concentrations during the recog-
ition of stimuli were substantially higher in the shape recog-
ition task than in the position recognition task at Ch. 5 and
h. 9 in Experiment 1 and as a whole in Experiment 2. These

esults indicate that the lateral occipital regions were activated
hen the participants recognized the shapes of stimuli. The
xy-Hb concentration was sensitive to the activations elicited
y the shape recognition task in the lateral occipital regions.

The oxy-Hb concentration transiently increased immedi-
tely after the start of the task periods in both the shape and
he position recognition tasks. Two tentative explanations can
e provided for this result. The first explanation is that memo-
ization caused the transient increase. At the beginning of the
ask periods, the participants had to memorize the shape or
osition of the stimuli. Such a memorization might have ac-
ivated the lateral occipital regions, regardless of the stimulus
roperties that the participants had to remember. The second
xplanation is that a rise in the alertness level due to a sudden
tart of the task period caused transient increase in the oxy-Hb
oncentration. These explanations are admittedly speculative
nd must be examined in future studies.

The deoxy-Hb concentration was lower in the shape rec-
gnition task than in the position recognition task at some
hannels in Experiment 1. The lower deoxy-Hb concentration

s also thought to reflect the substantial activation in these

ournal of Biomedical Optics 062109-
channels during the shape recognition task; this is because the
regional cortical activation is typically characterized by a de-
crease in the deoxy-Hb concentration and an increase in the
oxy-Hb concentration. However, in Experiment 2, where the
stimuli for the two tasks were identical, no channel showed a
significant difference in the deoxy-Hb concentration between
the tasks. Therefore, the regional activations during the shape
recognition task in Experiment 1 could be attributed to the
stimulus difference as well as the task difference.

The oxy-Hb and deoxy-Hb concentrations in Experiment 1
showed different results. The deoxy-Hb concentration was
different between the hemispheres during the recognition of
stimuli, whereas the oxy-Hb concentration was not. Moreover,
the deoxy-Hb concentration showed differences between the
tasks at Ch. 7 and Ch. 10, whereas no such differences were
observed in the oxy-Hb concentration at these channels. These
results suggest that the deoxy-Hb concentrations reflect differ-
ent types of brain activities that cannot be monitored by the
oxy-Hb concentration.

In Experiment 2, the oxy-Hb concentration was signifi-
cantly different between the 2 tasks, whereas the deoxy-Hb
concentration was not. Recently, Suh et al. measured the near-
infrared light reflected directly from the human brain and not
through the skull and compared the changes in the total and
deoxygenated hemoglobin.17 They found that the decrease in
the deoxy-Hb concentration was less localized than the in-
crease in the total hemoglobin. The less-localized changes in
the deoxy-Hb concentration lowered the signal-to-noise �S/N�
ratio and made it difficult to detect them. The lower S/N ratio
in the deoxy-Hb concentration might be responsible for the
difference in the oxy-Hb and deoxy-Hb concentrations.

In Experiment 2, the oxy-Hb concentration increased as
the deoxy-Hb concentration decreased �Figs. 7–9�; this result
is consistent with the finding that the rCBF increases accord-
ing to the oxygenation demand during neural activation.6

However, the deoxy-Hb concentration changed a little later
than the oxy-Hb concentration. This could be attributed to the
fact that the first-order response of cells is consumption of
glucose and oxygen. In other words, the decrease in the
deoxy-Hb concentration was delayed because the deoxy-Hb
concentration somewhat increased before the increase in the
rCBF.

We found an atypical pattern of hemoglobin changes in
Experiment 1. As shown in Fig. 4, the oxy-Hb and deoxy-Hb
concentrations decreased and increased, respectively, at many
channels during task periods. This trend can be attributed to
head movements. When the chin rest restricted the head
movements in Experiment 2, the results showed a typical pat-
tern of increase and decrease in the oxy-Hb and deoxy-Hb
concentrations, respectively. It has been argued that head
movements affect the measurements of NIRS. Perhaps a
forward-leaning posture during the task periods in Experiment
1 decreased the cerebral blood flow in the lateral occipital
regions.

Activation maps showed the presence of pronounced ac-
tivities in the cerebral regions corresponding to Ch. 9 during
the shape recognition task �Figs. 6 and 9�. Although NIRS
provides poor anatomical information, we can estimate the
cerebral regions where the activated channels were located.
As shown in Fig. 3, Ch. 11 on each hemisphere was posi-

tioned 1.5 cm anterior to the midpoints of T3 and OZ �left� or
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f T4 and OZ �right�. These positions approximately corre-
pond to T5 or T6. According to Okamoto et al.,18 T5 and T6
re located on the middle temporal gyrus or the inferior tem-
oral gyrus as well as on the border of the temporal and
ccipital lobes. Therefore, Ch. 11 can be considered to be
ocated on these areas. Ch. 9 was positioned 1.5 cm posterior
nd superior to Ch. 11. Thus, Ch. 9 would correspond to the
rontal portion of the occipital lobe near the middle temporal
yrus. These areas are included in the lateral occipital com-
lex. The lateral occipital complex contains two spatially seg-
egated subdivisions—a dorsal-caudal subdivision and a
entral-anterior subdivision. The dorsal-caudal subdivision is
situated posterior to MT in the lateral-occipital sulcus and
xtends into the posterior inferior temporal sulcus.”19 Thus, it
s likely that the activated channels were a part of the regions
hat include the dorsal-caudal subdivision of the lateral occipi-
al complex.

According to the fMRI study conducted by Mendola
t al.,20 the dorsal-caudal subdivision was activated while
iewing contours defined by various visual features, i.e., the
uminance, illusory, and stereoscopic contours. Based on these
bservations, the authors argued that this region was respon-
ible for intermediate-level visual processing, i.e., after edge
etection but before object recognition, during which the
timulus contours are represented independently from the vi-
ual features. The necessity for this kind of intermediate-level
rocessing would be more in the shape recognition task than
n the position recognition task and presumably induced the
ctivity at and around Ch. 9.

In summary, the present study showed that by measuring
he oxy-Hb concentration, NIRS could differentiate the corti-
al activations produced by the different tasks in the lateral
ccipital regions of the human brain. The oxy-Hb concentra-
ion in these regions was higher in the shape recognition task
han in the position recognition task. The results were consis-
ent with the findings of the fMRI studies,7–9 suggesting the
easibility of NIRS for monitoring cognitive brain functions.
he oxy-Hb concentration was more sensitive to the activa-

ion difference between the tasks than the deoxy-Hb concen-
ration. However, the deoxy-Hb concentration could poten-
ially be more sensitive to the activation difference between
he hemispheres and the activation at some regions. The mea-
urements of the oxy-Hb and deoxy-Hb concentrations might
eflect different aspects of cortical activations. The results of
hanges in the oxy-Hb and deoxy-Hb concentrations might
nable us to obtain more useful information about cortical
rain functions and hemodynamic properties.
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