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Multichannel near｡infrared spectroscopy analysis of brain

activities during semantic differential rating of drawlngS工2

●

sUzuKI MIII｡ (鈴木美穂)3, GYOBA JIR｡ (行場次朗)3,
こつ

and SAKUTA YLllK｡ (作田由衣子)3

(Tohoku Um'uersity)

1111rOugh the use Ofi 24-{hmel near-ir品red spectroscopy (NIRS), we measured I,rain aCti,Tities i1-

11le lenlp｡ral. I)arietal al-d holltal I･egIOtlS Ofi 8 Japanese woolen W皿e庇y were erlgage←1 i-1 llle Sellla-1諒

d臨rer､tial task of rating drawri'lgS. Based orl Our previous study (Suz山& Cyol,a{ 2°｡3圧,e llSed航erl

adjective s｡aJcs whicL"oulJ bc categorized w･thin three se-ntic classes (Eval-tion･ A･.tivity･ mJ

potcn'･y). wl'ile the Participants were rating the drawings with adjeL･tives which bclol,god to tlltm･-1antic

class oL･ Activity. the relatJVe Changes in total hemoglobin concentratiorl Showed an imrease around the

right superior temporal gyms and the right inferior parietal lobule･ In contrast, while us･ng adjectives which

belong to the class oL･ Potemy･ the total hemoglobin coIICentration was round to Je-ase･ except m the

left t朋tleeS arOui､d the central l'lSSure. While usmg adjectives which belonged to the semantl｡ ･･1ass or

EWllllation･ Ilo SPeeif'l(･ (･1-1ge in total hemoglobin concentration was oL)scrvedi Our I･eSlllts suggest that

the ac正,ati｡-l p掴ems of the temporal a-ld parietと11 re告-or-s are slgn血antlv m0d缶d aeeord高く｡ W吊ll

stm-untie c一ass the rLltmg Scales belong to･

Key words‥ .-ear一皿ared spectroscopy･ llemOgl.,bi-l eOmentratiollr alldit｡ry eortex･

somLtOSenSOry "rtCX, Semantic difrerentiaL Jrawmg

lntroduction

The sema-ntic differential technique developed hy Osgood (1962) has been widely used and

found to be veTY useful for measurmg the affective meanlngS Of various stimuli･ With this

technique, particIPantS rate Stimuli on adjective scales, and potential factors that structure the

multivariate data are extracted by factor analysIS･ In most cases three factors are extractedi

Evaluation (representative scale: good-bad), Activity (active-passive), and Potency (strong-weak) ･

Theseねctors have been commonly found across d鵬rent cultures alld various stimulus domaiIIS

(Osgood, 1962; Tanaka, Oyama 氏 Osgood, 1963)i

Recently, di的rent brain activities have been observed when words which belong to difrercnt

semantic classes, as donned by the threeぬctors, are being processed･ Previous studies have

reponed that the a鵬ctive meamllgS Of words can systematically alter event-related braill activities

(chapmam McCraIY, Chapman膏Bragdorl言978; Chapman, McCrary, Chapman, & Mani叫

1980; Skralldies工998; Skrarldies 氏 Chiu, 2003). Chapman et al･ (1980) (皿lpared the evoked

1･ This stl⊥dy w,as sl'ppOrted in part bv the 2003 Satow's Research Flmd for Behavioral S｡ieneei
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980-8576言apan: E一maiL sLIZ止im@saLtohOku･ac･jp
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Potentials for the semantic ratlng Class of word stimuli with those for the semantic class of scales

and they reponed that the two kinds of semantic e鵬cts in evoked potential tend to be quite

independent･ On the other hand, Skrandies (1998) reponed that the topography㍉he latency, and

the field length of mpg can he modir.ed by the semantic class of the word stimuli being used,

especially ln the brain activities at small latencies･ These請dings suggest the possibility that the

cortical reglOnS Which are EeSPO,ISible for processlng each of semantic classes are different･

However, previous studies have not been able to adequate一y c,lariq which region is related to each

factor, since they.nvest.Sated brain ac,tivities during semantic diff'erential tasks mainly through the

use of ERP recording･

In the present study, we employed multichannel near-in舶red spectroscopy (NIBS)〟 NIRS

measures spectroscopIC reHection and scatterlng血om a single reglOn With a light source and a

detector (Chance, Zhuang, Unah, Alter 氏 Lipton工993; Hoshi 皮 Tamura工993; Kate, Kame主

Takashima a Ozaki, 1993i Villringer, Plank. Hock, Schleinkofer * Dimagl, 1993). Multichannel

NIBS is able to record temporal changes in hemoglobin oxygenation simultaneously什om multiple

regions (Koizumi, Yamashita, Maki, Yamamoto言to, Itagaki 皮 Kennan言999; Maki, Yamashita,

Ilo, Watanabe a Koizumi, 1995i Yamashita. Maki a Koizumi, 1996) and it can demonstrate

temporal changes in the concentration of both oxy-hemoglobin (oxy-Hb) and deoxy-hemoglobin

(deoxy-Hb), as well as changes in total-hemoglobin･ There are several advantages with

multichannel NIBS, such as Hexibility, Portability and low cost compared with other neuro-

imaglng methods･ Several studies have reported that the multichannel NIBS is a use請measure

of brai･, activities言ncluding motor activities (Makュ, Yamashita, Watanabe, & Koizumi, 1996),

speech recognition (Sate, Takeuchi 莱 SakaL 1999), epileptic seizures (Watanabe, Makュ,

Kawaguchi, Yamashita, Koizumi 皮 Mayana料2000らIanguage lateralization (Kennan, Maki ,

Koizumi. 堤 Constable, 2002) and langl⊥age recognition (Pena, Makュ, Kovacic, Dehaene-

Lambenz, Koizumi, Bouquet, 皮 Mehler, 2003).

ln all of the previous ERP studiesr o.lly word stimuli have been used in the semantic

differential task･ However, the semantic differential technique has in fact been used for various

stimuli, for example. drawings. colors. etc･ Takahashi (1995) reported that some aspects of

semanticぬctors are d鵬rent between draw,ngs and words･ She Suggested that it lS qulte possible

that the meanlngS Of words are connotative ill Ilature, Whereas the meanlngS Of drawings are

judged in terms of sensory-relevant concepts･ Especially.n the case-I the Potency factor, it has

been confirmed that tactile impressions帝r example so乱hard, smooth-rough, and blunt-Sharp are

more strongly evoked by drawings than by word stiml⊥li (TakahaShi, 1995; Suz山i 皮 Cyoba,

2001, 2003)I In the case of the Activity factor. both word stimuli and drawing stimuli can be

represented by scales such as active-passive, dynamic-static, and lively-unlively･ In contrast, the

Evaluationぬctor is characterized by scales such as likable-repugna叫beauti蘭-ugly and

unpleasant-pleasant･ Thus it is highly like一y that Evaluationぬctor is associated with subjective

emotional concepts, while the Potency and Activltyぬctors are much more closely related to

sensoIY-relevant prope高es･ To demoIIStrate these d鵬rences more clearly, we used drawings in

the present research.

Multichannel NmS allows us to measure only the surface level activities of the cortices･
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However we can confirm the extent of sensory-relevance for each semantic factor by the

TeaSurement Of changes in hemoglobin concentration on the sensory-related association cortices･

In the present study'We arrarlged the probes of the multichannel NIBS on the bilateral temporal

parietal regions, since the previous studies (Takahashi, 1995i Suzuki a Cyoba, 2001 , 2003) using

multivariate analysIS Showed the possibility that the Activlty factor is related to auditory or

kinesthetic modalities while the Potencyぬctor is related to somatosensory (especially tactile)

modalities･ If the activation pattems of the conices related to such kinds of sensory processlng are

found to be modirled depending on the Factor properties, then the present study would provide

clues as to which of the conical reglOIIS are responsible fbr processlng d-ng semantic d鵬rential

judgmcnts･

Method

I

Selection of drawings

Suzuki 堤 Gyoba (200工2003) and Takahashi (1995) studied the a胱ctive propenies of line

drawlngS by the semantic d鵬rential technique･ From among those drawIIlgS, We Selected seven

drawings (Fligllre 1)〟 These stimuli had high hctor scores on the Evaluation, Activity, or Potency

factors. They had also been confirmed as representative of abstract conceTnS (depression,./'｡.Y,

arm'elr, humar'en,ergy, femim'm'ty, anger, and trar･quility) in our previous studies･

Anxiety

圏圏
Human energy F emininity Anger Tranqui I ity

n'gure I･ The eight drawmgs used in the present study･ These stimuli were selected from those

used by Takahashi (1995) and Suzuki 氏 Cy｡ba (2003)･ Each drawing was

preliminarily con血-ed to represent the concept described in Japanese･

Selection of semantic scales

The 15 adjective scales (Table 1) were selected請m those used by Suzuki 皮 Cyoba (2001･
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2003)･ Five ot'them belonged to each of the semantic, classes defined by the three factors

(Evaluatiom Activity or PoterlCy)･

PartlCIPantS

Eight鮭male native Japanese speakers (age: 19-25 years) participated i,1 the preser,t study.

All the paniclpantS Were righthanded･ They were recruited on a volllntary basis a的r their

infomed consent had been obtained according to formal guideIines･

N棚

We used 24-Channel (12 0n each side) near-infrared spectroscopy (Hitachi ETC-1 00) for this

study･ Laser diodes with two wavelengths (780 nm and 830 nm) were used as the light sources.

The renected lights were detected with avalanche photodiodes located 30 mm hom an incident

position･ The detected s.gnat was separated into two component,s corresponding to the two

wavelengths with Lock-in amplifiers･ The relative changes in oxy-hemoglobin concentration and

deoxy-hemoglobin concentration were calculated using the d鵬rence in the absorptlOn indexes

for the two wavelengths･ Total hemoglobin concentration was defined as the sum of oxy-

hemoglobin and deoxy-hemoglobin･ The sampling Interval was 1 00 ms･ For請nher details of the

experimental apparatus, see Makュ et al･ (1995) or Watanabe et al. (2000).

1n the present study, the (6 cm x 6 cm) amays covered a po五〇n of the bilateral temporal,

parietal and血ontal regions (Fi即re 2)･ The open circles and釧ed circles denote light source的ers

and detection I.bers･ The numbers signiq the measurement channel corresponding to the central

zone of the light path between the source and the detection的ers･ A pall Of head shells with probe

sockets was attached, one shell either on side of the pa高clparlt's head, The center column of the

probe sockets was adjusted to become an extension or the ear lobe. The 3D coordinates fらr the

location of each probe alld the scalp･ shape of each panicIPallt Were measured by a P｡lhemus

Sensor SyStem･

Right

01●2(⊃ 
345 

●607● 
●910 

OllC120 

FL'gure 2･ The position of the NIBS head shell･ The open circles, rllled circles and numbers signify

light sol,rCe的ers, detection鮎ers and the measurement Channels吉eSpeCtively･
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Tasks

During the experiment･ the parti"pant sat i.- darke..ed, Soundproot'ed room, with a

chin-rest･ The time course of the drawlng preSemati｡n a.ld the senlantic d礁remiai judgment

within one block of NIBS measurements was as follows･ (1) Resting time, A blank image was

presented fbr 40 see on a CRT display言llCluding the pro-time (5 see) fb∫ the NIBS measurement.

(2) One drawing stimulus (1 1 ･51o i,1 height alld 8.020 in width) was presel-ted at the cellter Of the
/一●

display and one of the senlantic scales was simuitalleOuSly presented fbr 6 see Just below the

drawlng･ The panicIPant Was asked to make a verbal repL,n of their semantic d鵬rential

judgment by calling out the numbers depicted on the scale within 6 see. (･3) The drawing stimulus

remained but the semantic scale was rep一aced by a,-Other SCale that belonged to the same

semantic class･ Then the participa,-t made another Verbal report. (4) A血er the Hve scales within

the same semantic class had been presented for 6 See each and the particLPant had responded rlVe

times, the blank image was presented again for 40 see, imluding the relaxing time (10 see) and

the post-time (5 see), together with the pro-time (5 see) fbr the next block of NIBS measurements.

In the next block, another drawing Stimulus was presented together with the scales of a d鵬re｡lt

semantic class･ The presentation order of the sema,ltic classes was changed and counterbalanced

among the paniclpantS･ A‰r the measurement of seven blocks, the paniclpant Was given a

鯖ve一minute break. In total, 21 blocks of NIBS measurements were conducted. This means that the

panlClpantS Were presented with each of the 7 drawlngS 3 times, that is once fb∫ eacll Of the three

semantic classes during the semantic d鵬rential ratl,1g taSks･

A範r the 21 blocks, three-dimensional coordinates of the probe locations and the scalp shape

were taken for each particIPant in order to reconstruct a cortical surface image hy the Polhemus

Sensor SyStem･

Results

Table 1 shows the mean ratmg Scores Ofthe semantic d鵬rential task. From the data言t can

be seen that each of the drawing Stimuli was rated very consistently within each semantic class･

All of the standard deviations (SDs) of each drawing among the scales of the same semantic class

are small, while their means d鵬r widely･ In contrast言he mean rating Scores fbr the seven

drawings on each semantic scale center around 4･0 (the midpoint of the rating) in all of the three

semantic classes, while their SDs are relatively large and almost homogenous within the semantic

classes･ This means that the drawlng Stimuli used in the present study had almost the same

magnitude of variations without having any biased properties for the three semantic classes･

Ther誼,re, those stimuli allow us to make an approprlate COmPariso1- 0f brain activities while the

panicIPantS Were engaged in the ratlng task based on the scales of each semantic class･
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Semalltic Drawings Mean SD

Class Scmanti{･ S(･alc Depression Joy Anxiety HLlman Femin証･ Anger Tr叩llilit､

emrgy

beallti佃-I,告ly

pleasant-unpleasant

Evaluati｡,1 likable-rermguallt

clear-el｡11dv

light-heavy

MeaII

SD

3.00　　4.63

2.38　　5.25

3.00　　4.50

2.13　　5.75

2.13　　5.50

2.53　　5.13

0.45　　0.54

2.75　　4.00　　5.75

2.63　　4.00　　5.75

2.88　　3.88　　5.50

1.88　　4.75　　5.88

2.38　　3.88　　6.38

2.50　　4.10　　5.85

0.40　　0..37　　0.32

2.75　　4.63

2.86　　5.13

3.25　　4.38

2.63　　5.63

2.88　　6.00

2.87　　5.15

0.23　　0.68

.3.93　1.15

4.00　1.40

3.91　0.95

4.09　工81

4.16　1.79

livelv-llnljvelv,

dv･IlamiL･-stati(.

Activ-ty gay-sober

powerfu1-1'eeble

excited-Calm

Ntearl

SD

4.13　　5.00　　5.88　　2.75

5.38　　5.29　　6.14　　4.占う

4.13　　5.25　　5.63　　4.13

4.88　　3.75　　5.63　　4.75

3.75　　4.88　　6.38　　4.13

4.45　　4.83　　5.93　.3.98

0.66　　0.63　　0.33　　0.74

2.63　　6.00　　2.00

3.50　　6.13　　2.63

3.00　　5.88　　2.38

2.75　　5.1.3　　2.38

1.75　　6.38　　2.00

2.73　　5.90　　2.28

0.64　　0.47　　0.27

4.05　1.63

4.74　1.35

4.34　1.33

4.18　1.24

4.18　1.87

son-hard

sm｡(Ⅲ1-r(m告h

Potency blunt-sharp

relaxed-terlSe

mgged-de一icate

Mean

SD

3.13　　4.75　　3.63　　4.50

2.63　　4.63　　3.13　　5.63

2.38　　4.88　　2.88　　5.25

2.75　　4.25　　3.75　　4.75

4.88　　3.88　　5.38　　5.13

3.15　　4.48　　3.75　　5.05

1.00 i 0.41　0.98　　0.44

2.25　　6.00　　4.13

2.1.3　　6.50　　3.1.3

3.63　　6.00　　3..38

2.75　　5.50　　3.38

2.50　　5.50　.3.88

2.65　　5.90　　3.58

0.60　　0.42　　0.41

4.05　1.21

3.96　1.64

4.05　1.34

.3.88　1.03

4.45　1.08

The average SD (individ皿I difr'ere-C) ｡f the rating i"res of each stimuJ" - ea(･h smJe are around 1.14

In this study, We analyzed the relative changes in total hemoglobir- concelltratiorl (q血liHl,)

during the semarltic judgment compared to the concentration noted during the restlng tlme･ The

changes in C"Iu, for the seven blocks in which the pallicIPantS rated the stimuli based on scales

within the same semantic class were integrated･ The averaged change in C∴lHl, in each channel

was obtained for 16 measurement periods･ These periods consisted of pro-time (5 see), task-time

(partitioned into ten periods; 10 X 3 see - 30 see), and post-time including the relax-time (divided

into 5 periods; 5 × 3 see ≡ 15 see), ln order to calculate the changes in (∴…, the helnOglobin

concentration levels of the pre-time and the post-time were adjusted to around zero in the NIBS

measurement･ The data or rlVe Channels (2, 4, 5, 6, and 13) were excluded because the

measurements were too noISy due to problems with the probe settlngS･

ln order to compare the brain activities comesponding to the semantic classes de請ed by the

three factors (Evaluation, Ar,tivity, and Potency). we conducted a three-way repeated-measures

ANOVA (semantic classxchannelxperiod) oll the data. As a result言he main e範cts of trle
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channel (F18.126-3.65,p < 0.001) alld the period (Fl.-,捕.-,-3･15.p < 0･001) were round to be

slgn誼cant･ The main e範(出,i the semarltic class. 110WeVer, Was not Slgn品a,lt･ Nevertheless河le

interaction between the semantic (.lass and the period was significant (F…1° - 2･18, p < 0･001)･

A multiple comparison test with nominal si告,liflcal,t levels (Rya古s test) revealed that the

C.血IHL, Changes for Potency were lower than those for Activity and Evaluation from 7 see to 9 see

after the presentation of drawing stimuli (period 4). and Tower than those"f Activity f'rom 10 see

to 15 see (period 5 and 6). The a.dHl, Changes for Activity web signif.Cant higher than those for

Evaluation and Potency during 22-24 see (period 9), and those f'or Evaluation during 25-27 see

(period 10). These results slIggeSt that during judgments based on the sema,ltic scales related to

Potency, the q(血iHl, Changes te,lded to decrease in comparison with those fbr the Other semantic

c一asses. In contrast, the challgeS in C品田, during Activlty judgmelltS increased lmtil the later

periods of the task-time･ For Evaluatio,ら there was.10 SPeC誼e tendency, although the pattem of

CtotalHL･ Changes was similar to that for Activ"y･　　　　　　　,

Funhermore, there was a slgl1品ant three-way Interaction I,etween the semantic class, the

･channel, and the period (塙'.刑｡- 1･15,p < 0･05)･ In Channels 3品11, 19, 22 and 24言he

simple interaction e胱ct between the semantic class and the channel was sign誼cant (I五胡｡

-2.042,p < 0･001畠｡∴籾｡-5･111,p < 0･001丑｡∴酬'- 1･692,p < 0･05畠｡.洲'- 1･641,

p < 0･05膏肌990-3･542, p < 0･001畠｡∴酬'- 3･004, p < 0･001号eSpeCtively), ln Channels

9, 20, 21 and 23占he simple simple main e的cts of the semantic class were slgn誼ca申With which

probability levels of less than O･05･

Fi糾re 3 and Fi糾re 4 show the C…IHl, Changes of those channels which showed sign誼cant

d鵬rences among the semantic classes･ Channels 3, 8, 9 and 1 1 are in the曲hemisphere, while

Channels 19, 20, 21, 22, 23 and 24 are in the right hemisphere･ In Channel 3, the changes in

C.0.aLHL, for Activ.ty and Evaluation are almost constant, while those for Potency decrease･ In

Channels 8 and 1 1, the changes in CmMI, for Evaluation and Activ.ty mcrease during the task-

time, ln COmParison with those for Potency･ ln Channel 9, the changes in C"Ht･ for Potency are

higher than those fbr the other semantic classes･ Among the channels that showed sign誼cant

differences for the semantic class, Only Channel 9 reveals an increase in the changes in C"IHI, for

Potency･ In Channel 19, the q(同HI, ChallgeS fbr all semantic scales decrease, With this tendency

being panicuhly salient fbr Evaluation･ Channels 20, 21, 22 and 23 indicate increased

q(,t｡lHb Changes fbr Activity, While Channel 24 shows an increase fbr both Activlty and Evaluation･
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Measurement Period

F.'gure 3･ Left hemisphere channels where the changes in Clo.alHl, Showed signir.cant dit'rerenies among the

semantic classes･ The measurement periods 1, 2-ll, and 12-16 signify pre-time (5 see), event

time (10 × 3 see-30 see), and post-time (5×3- 15 see), respectively.

Based on the 3D coordinate data of the probes and the scalp shape of each panicIPant, We

estimated the Talairach coordinates (Talairach 皮 Toumoux, 1988) of the channels that are

assumed to be located in the middle of the probes between the light source and the detection

nbers, as indicated in Table 2. We excluded Channels 3 and 19 since these channels did not show

any salient increases in hemoglobin fbr all semantic classes･ We found that Channels 1 1 and 24

are located on the superior temporal conex, especially around the superior temporal gyms in both

hemlSPheres･ Channel 8 is on the inferior frontal cortex, especially around the inferior frontal

gyrus in the left hemisphere･ These three channels (8, ll and 24) showed increased changes in

C"HL, for both Activ.ty and Evaluation･ Channel 9 which showed specific increases in the

changes of CunaIHL, for Potency is located on the pro- Or postcentral gyrus of the parietal cortex in
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Fl'gure 4･ Right hemisphere channels where the changes in C"W, showed s.gnir.cant diffcrc-cs am-g the

semantic classes.

the l誼hemisphere (around Broadmann area 43)･ Channel 20, 21, 22 and 23 are located around

the inferior parietal lobule (Broadmann area 40), the postcentral gyrus, the inferior frontal執TruS

(Broadmann area 44), and the superior temporal執,rug (Broadmam area 42), respectively･ ln

these four channels, we found that the changes in Cl血IHL, tor Activlty Were S.gnincantly higher than

those for the other semantic classes.
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Table 2. Estimated Talairach ｡oodiIlateS O白he (hamels where the semalltie

classes produced sign誼cant d胱rences in (ha,lgeS in (∴…

Talairach coordinates

Le丑hemisphere X Y Z

(manne1 8　　　　　-68 (4･0)　19 (9･1)　18 (10.3)

Chan･le19　　　-　-69 (3･1)　-8 (9･4)　　24 (10.1)

Channe一 l1　　　　-70 (3･0)　　2 (9･1)　10 (10.7)

Right hemisphere

Channel 20

Channel 21

Channel 22

Channel 23

Channel 24

69 (6･3)　-35 (12･9)　　26 (6.0)

70 (5･1)　-9 (12･8)　23 (6.5)

64 (4･6)　15 (11･5)　15 (6･6)

73 (5･7)　-24 (12･5)　13 (6･1)

71 (4･7)　　0 (11･8)　　8 (6:i)

Figures in parentheses indicate SD誼,I each coordinate among the estimated channel

locatiorlS f♭r the eight pa高clpantS･
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Discussion

ln the present study, We investigated brain activities during the semantic d鵬rential task of

ratmg line draw.ngs by multichannel NIBS measuements･ Consequently, we round signiflCant

d胱rences in q(,.｡lHL, Changes which conesponded to the semantic classes as de血ed by the three

factors (Activity, Evaluation, and Potency), especiauy around the temporal and the parietal

reglOnS･ These results suggest the possibility that there exist spec請c activations related to the

hctors that represent the semantic d鵬rential judgments, as discussed below.

Many channels showed increased changes in q｡(｡IHb during the judgment of Activ,ty scales.

Some of them (Channels ll, 23 and 24) Were located around the superior temporal gyms in both

hemlSPheres･ The superior temporal gyrus, especially around Broadmann areas 41 and 42, has

been reponed as being an auditory association area where ascending auditoIY infbrmation

converges･ As described in the Imrodution, S田山i and Cyoba (2001, 2003) Pointed out that the

scales within the semantic class of Activity are Smngly related to auditory modalities･ The present

血dings are in accordance with their repon. Moreover言t can be seen that the activation of

auditoIY-related areas are more dominant in the right hemlSphere･ Moreover, Channel 20

indicates increased activity of the inferior parietal lobule (approximately coITeSPOnding to

Broadmann area 40) in the right hemisphere dming Activity judgments. This area has been

considered to be an association area for integratmg or analyzmg inromation from various sensory

modalities, especially visual and tactile modalities (Kawashima, Watanabe, Kate, Nakamura,

Hatano, Schormann, Sate, Fukuda, Ilo, & Zilles, 2002).

For judgments based on scales related to Potency, the changes in C.血lHL, decreased in most



96 Suzllki. M.. (;Ⅵ)i)と1_.上a‖(1 hkTltiI. 1

chaIIIlels, with only Channel 9 shoWmg Increased (｢一同日､ Cha一一ges･ The estimated 1(,(･ati｡rl Of

Channel 9 is around the pre- or the PSt00Iltral gyrllS in tTIe l誼hermSphere･ We can m,t make a

precise decision as to which o†l the謝rl reallv corresponds to (｢lla-et g due to the re一atively low

spatial resolution of the NIBS measllremellt･ However言白t is ill fact the pOStCentral gyrl,S言llel-

we can assume that Potemy judgmeTltS are related t｡ S｡matosellS｡ry Pr｡eeSSlng･ This viewT is also

supported by the results or previous rcscarch (TakallaSh主1995･. Suzuki & Cyohaj2001. 2003)

which indicated that the scales whith represent the Potcmv fact" contain many tactile words, for

example, so乱hard, smooth-rough, and bllmt-Sharp･ SllZuki alld Cyoha (2001, 2003)請rther

con鉦med that tactile images call be evoked by p血ure stinluli･ The preserlt mdings are i1- 1ille

with their reports･ There is a possibility that the a｡,tivlty or the somatosensory ｡,ortcx bccomcs

higher during Potency judgments, due to the ta(証e images that plCt｡rial stimuli have the potelltial

to bring to mind･ However言t shou一d be llOted that CllaImel 2L which conespol-ds to Channe一

9 in the right hemlSPhere, did not show any specific activity ft)I PoteIICy･ Chanlle1 21 was
I

prlmarily activated during Activlty jlldgmentS･

We did not血d any characteristic results fb∫ the ratlllg task OII EvaluatioII SCales･ Chanllels

8, ll, and 24 showed increased C∴iHI, Changes for Evaluation, but those channels also indicated

increased CMalm, Changes for ActivTty･ It is highly likely that the judgments on Evaluation scales

(e･g･言ikable-repugna叫beauti請-ugly, alld pleasant-unpleasant) may be related to subjective

emotional responses･ Several brain researchers (Murphy et al･. 2003; Phan et al･, 2002) have

reponed that the medial pr誼Ontal cortex and some deeper brain regions (e･g･ the amygdala, the

insula言he orbit誼Ontal conex, or the amerior cillgLllale cortex) are comelated with evalllative

processlng Of emotion･ However, in the present study, We could not investlgate the activlty Ofthese

regions, Simply because hemoglobin concentration changes within the deeper parts of the brain

can not be measured by NIRS･ Thus工llere is a possibility that the activation pattern spec品to

Evaluation judgments can scarcely be observed on only the surface levels of the corti.I,es as was

investigated in the present study･

Funhermore, previous research has reported the possibility that the neural activities are

di胱rent between the polarities of semantic scales (Chapman et ale 1978工980; Skrandies, 1998;

Skrandies 皮 Chi叫2003)〟 In the present study, We did not analyze the results fb∫ each semantic

polarlty･ There is a possibility that d鵬rent patterns or hemoglobin change are fbLlnd depending

on the polarities of scales, even if the scales belong within the same semantic class･ The e鮎cts of

polarlty may also di範r between semantic classes･

It is also true that in order to confim specific brain activities related to the factors that

represent the semantic di鵬rential judgments言t is necessary to increase the nllmher of NIRS

channels and to measure simultaneously the hemoglohin concentration in wider reglOnS,

especially reglOnS including the occIPltal and the血ontal cortex･ As fbr investlgatlllg the activities

of deeper reglOIIS Of the brain, PET or MRI wolJld be lJSe叫especially fbr activities related to the

Evaluation factor.
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