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Toshimasa YAMAZAKI and Michio SUGENO

Abstract

Theauthors measured electroencephalograms (EEGs)from subjects who were looking at line

drawings of body parts and recalling their names silently. The equivalent current dipole source

localization(ECDL)methodisappliedtotheeventrelatedpotentials(ERPs):summedEEGs. ECDsare

located in theventralpathway. Theareasarerelated to theintegratedprocessofvisualrecognition

ofpicturesand theretrievalofwords. Someoftheseareasarealso relatedto imagerecognitionand

word generation. ECDs are localized to the primaryvisual area V1, to the ventral pathway (ITG:

Inferior Temporal Gyrus), to the parahippocampus (ParaHip), the right angular gyrus (AnG),to the

right supramarginalgyrus(SMG)and to theWernike’sarea. ThenECDsarelocalizedto theBroca’s

area,to thepost centralgyrus(PstCG)and to thefusiformgyrus(FuG),andagain to theBroca’sarea.

Theseareasarerelated to theintegratedprocessofvisualrecognitionofpicturesand theretrievalof

words. Someoftheseareasarealsorelatedtoimagerecognitionandwordgeneration. Andprocess

ofsearch and preservation in thememoryis donefrom theresult ofsomeECDs to theparaHip.

I.INTRODUCTION

According toresearchonthehumanbrain,theprimaryprocessofvisualstimulusisfirstprocessed

on V1in theoccipital robe. In theearlystage,a stimulus from theright visual field is processed in

thelefthemisphereandastimulusfromtheleftvisualfieldisprocessedintherighthemisphere. Then

theprocess goes to theparietal associativearea［1］.

Higher order processes ofthebrain thereafter havetheir laterality. For instance,99% ofright-

handed and 70% ofleft-handed havetheir language areas in theleft hemisphere,theWernicke’sarea

and theBroca’s area［2］,［3］,［4］.

Bypresenting wordswritteninkanji (Chinesecharacters)andotherswritteninhiragana(Japanese

alphabet)to thesubjects,researchersmeasured electroencephalograms (EEGs). Someofthepresent

authors haveused thesamemethodologyas theprevious research［6］. Then thosestimuliand both

dataweresummed and averaged according to the typeofthe stimuli and the subjects. As a result,

eventrelatedpotentials(ERPs)wereobtained. ERPspeaksweredetectedandanalyzedbyequivalent

current dipolesourcelocalization (ECDL)［5］at that latencyusing threedipolesmodel. In both the

recognitionofthekanji andhiragana,researcherslocalizedequivalentcurrentdipole(ECD)nodesfrom

earlycomponentsofERPstotheV1,V2,andtheinferiortemporalgyrus(ITG). Afterthat,ECDswere
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localized to theWernicke’sarea and theBroca’sarea. Theseresultsagreewith theresultsonMEG,

PET,or fMRI［6］.

Ontheotherhand,clinicallesionstudieshaveshownthatlesionscausing disabilitiesofnaming and

comprehension ofobjectsaredissociated depending on thetarget categories,e.g.,artificialorbiologi-

cal things. Thesesymptoms arecalled category-specificdisorders［7］.

Using thesamemethodologyasthatintheabovementionedresearch［6］,［8］,［9］,［10］,［11］,［12］,

［13］,someofthepresentauthorselucidatedspatiotemporalhumanbrainactivitiesduring languageor

imagerecognition.

In thepresent study,wemeasuredelectroencephalograms(EEGs),inordertoinvestigatethebrain

activitywhilesubjectswerelooking atlinedrawingsofbodypartsandrecalling thenameofpresented

bodyparts. Thedataweresummedandaveraged according to thetypeofstimuli inordertoobtain

event relatedpotentials(ERPs). Peak ERPsweredetectedandanalyzedusing theequivalentcurrent

dipolesourcelocalization (ECDL)method［5］. Thepaper is a continuation oftheprevious research

［13］.

II.EEG MEASUREMENT EXPERIMENTS

Onesubjectwasa 22-year-old female(MN)that had normalvisualacuity. Shewas left-handed,

and,from theprevious experiment,her dominant languagearea was considered to be located in the

right hemisphere. Theothersubjectwasa22-year-oldmale(HT)that had alsonormalvisualacuity.

Hewas right-handed. Thesubjects put on 19 activeelectrodes andwatched a 21-inch CRT 30cm in

front ofher. Their headswerefixed on a chin rest on thetable.

Each imagewasdisplayedontheCRT. Stimuliweresimplemonochromeimages(linedrawings)

ofparts ofthe human body. Images were ofa foot,mouth,finger,ear,and hand (Fig.1). First,a

fixation point was presented,and then a stimuluswaspresented. Both ofthosedurationswere3000

msec. EEGsweremeasured on themulti-purposeportablebio-amplifier recording device(Polymate

AP1524;TEAC)bymeansoftheelectrodes;thefrequencybandwasbetween1.0and2000Hz. Output

was transmitted to a recording PC.

Wemeasured thesubject’sEEGson each visualstimulus. So as to effectivelyexecutetheECDL

method,EEGsweresummed and averaged according to the typeofhuman part to get event-related

potentials (ERPs). To each subject, we tried the experiment twice. So as to distinguish these

experiments,welabelled asHT1,HT2,MN1and MN2to each ERP.

According to these ERPs, the following three characteristics were found:(1) A positive peak

existed around the latencyof400msec;(2)A large negative peak existed around 450msec;and (3)A

positivepeak appearedaround500msec,attenuated gradually,andconvergedaround700msec(Fig.2).

Then theECDL methodwas applied to each ERP. Because thenumber ofrecording electrodes

was 19, three ECDs at most were estimated by use of the PC-based ECDL analysis software

“SynaCenterPro［5］”fromNECCorporation. Thegoodnessoffit (GOF)ofECDLwasmorethan 99

%.
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Fig.1 Presented images ofhuman bodypart.
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III.RESULTS OFECDLANALYSIS

InthesefiguresfromFig.3toFig.6,theleftpictureshowsasagittalview,themiddleanaxialview

and theright acoronalview. Fromthesethreeviews,onecanunderstanda locationoftheECD ina

threedimensional space. Localized ECDs bytheECDL method areindicated bywhitedots in these

figures.

SomeexamplesoflocalizedECDsaredepictedinFig.3,Fig.4,Fig.5andFig.6. Theseprocesses

are done in series or in parallel. The relationship between ECDs and its latency is summarized in

TABLE 1and TABLE 2.
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Fig.2 Examples of Event-Rerated Potentials
(ERPs)bythepresent experiment

Fig.3 ECDs localized to theRight ParaHip

Fig.4 ECDs localized to thePost CentralGyrus

Fig.5 ECDs localized to theBroca’s area
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TABLE II RELATIONSHIP BETWEENLOCALIZED SOURCEAND ITS LATENCY (MN)

subject V1 ITG Right ParaHip

MN1 127 292 380

MN2 106 334 354

Right SMG Broca Wernicke

MN1 443 457 477

MN2 430 455 483

Right ParaHip Right PstCG Right FuG

MN1 481 503 546

MN2 494 547 548

Right ParaHip Right Broca

MN1 575 701

MN2 592 692 ［msec］

TABLE I RELATIONSHIP BETWEENLOCALIZED SOURCEAND ITS LATENCY (HT)

subject V1 ITG Right ParaHip

HT1 119 326 366

HT2 131 323 393

Right AnG Wernicke Right Broca

HT1 373 474 524

HT2 427 455 485

Right ParaHip Right PstCG Left FuG

HT1 530 566 537

HT2 506 524 556

Right ParaHip Broca

HT1 610 727

HT2 590 681 ［msec］

Fig.6-2 Input pathway (MN): Bold line denotes
ECD on surface,Dash line denotes ECD
inside.

Fig.6-1 Input pathway (HT): Bold line denotes
ECD on surface,Dash line denotes ECD
inside.
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IV.DISCUSSION

Inthisstudy,wecallthepathwayamong earlyvisualrecognitionprocessandlanguagerecognition

the input pathway. And we call the pathway among higher recognition and recalling the output

pathway.

According to the subject HT, the input pathway was observed:V1→ right ITG → the right

ParaHip→ theright angular gyrus (AnG)→ theWernicke’sarea (Fig.6-1),and theinput pathwayof

thesubject MN,wasobserved:V1→ left ITG → theright ParaHip→ theright supramarginalgyrus

(SMG)→ theWernicke’s area (Fig.6-2).

Theoutput pathwayofthesubjectHT wasobserved:theright Broca’sarea(Broca’shomologue)

→ therightParaHip→ therightpostcentralgyrus(PstCG)→ theleftfusiformgyrus(FuG)→ theright

ParaHip→ theBroca’sarea(Fig.7-1). And theoutput pathwayofthesubjectMN wasobserved:the

Broca’s area→ the right ParaHip→ the right PstCG → the right FuG → the right ParaHip→ the

Broca’shomologue(Fig.7-2). BothofoutputpathwaysincludedthePstCG issupposedassomatosen-

soryarea.

Theinput pathwayhad been found in other studies［10］,［11］,and theoutput pathwayhad been

found to another study［9］. These results show that the brain activities for observing static visual

stimuli are related to the same pathway regardless of visual stimuli (e.g. character, symbol or line

drawing). And the output pathwayis found to other studies［8］,［9］. These results show that the

brain activitieson recalling processarerelated to thesamepathwayregardlessoftask (e.g.direction

or name).

Almost thesamepathways arefound to thesubjectsHT and MN in caseofrecalling a nameof

“mouth.” However,theestimatedareasoftheBrocaandFuG areoppositebetweenHT andMN. It

issaidthatthedominantlanguageareaisoppositeinsomeleft-handedperson,therefore,thedominant

languagearea is supposed to bedifferent between thesetwo subjects.

Fig.7-2 Output pathway(MN):Bold line denotes
ECD on surface,Dash line denotes ECD
inside.

Fig.7-1 Output pathway (HT):Bold line denotes
ECD on surface,Dash line denotes ECD
inside.
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IV.CONCLUSION

In this study,weestimatedhumanbrainactivitieswhilehumansubjectswhowerelooking at line

drawingsofthehumanbodypartsandrecalling theirnamessilently. ECDswerelocalizedtotheword

generation area and theimagerecognition area.

In thepreviousresearch,wehavedetectedapathwayregarding with therecalling ofthenamesof

body parts. By use of ECDL method, ECDs were localized to the right angular gyrus, the right

fusiformgyrusandtheright temporalpole. Theseareasarerelatedtotheintegratedprocessofvisual

recognition ofpictureand therecalling ofword. Someoftheseareas arealso related to the image

recognition andword generation. Thepaper is a continuation oftheprevious research［13］.

IncaseofthesubjectHT,estimatedactivitiesconcentrateto thelefthemisphere,e.g.theBroca’s

area and theWernicke’s area,so his languagearea is supposed to betheleft hemisphere.

In caseofthesubject MN,left-handedperson,although theinput pathwayisthesameasHT,the

out pathway is different from HT. It should be noted that there might be the difference of the

dominant hemispherebetween input and output ofthe languageon her,or shemight use both hemi-

spheres in languageprocess.

BecauseofsomeactivitiesontherightParaHipisobserved,theprocessofsearchandpreservation

to the memory is done here. Further,we observe activities on the PstCG,which is a part of the

somatosensoryarea,so the subjectsmadesomesomatosensoryprocess during recalling thenameof

“mouth”.
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