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evaluation
— A Focus on the effective connectivity analysis —
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<ABSTRACT>

The purpose of this study was to review how the brain scientific analysis in
scientific hypothesis evaluation with a focus on the effective connectivity. To
review how the brain scientific analysis, we have found 3 methods of effective
conncectivity from previous studies: PPI, SEM, DCM. Firstly, Fifty literatures on
the brain network associated connectivity analysis were analyzed to know the
characteristic  which is related to three methods. Secondly, thirty literatures
associated with the sub-element of the hypothesis evaluation process using
effecitve connecitivity analysis methods were evaluated. As a result, effective
connectivity analysis showed that a more appropriate analysis of functional
connectivity. In addition, the PPI analysis consist of ROIs, to derive SEM model
using ROIs was the best analysis method. These analysis methods are expected
to be utilized in other scientific inquiry process.
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el 9Uth(Jin et al, 2006a; 2006b; Lee et al., 2009). H #8tuw s Holl A= 7|54}
718 BEAAAMRDE ©] &3 AT77F GF ATFAE 9 o]FojA L QU dE Eof, T
A AAste] HF AREE A o228 oy AT HA o] #HF AFECA A HH Fa
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EEG, fMRI, PETS 3 22 T3 G4 AXNE 83 AdAF 75 A7 E499HLS 759
Sh(functional specialisation)°l] #3+ #H37 7]59| T (functional intergration)ol] I+ HH O
o] & 4 t(Price & Friston, 1997). Functional specialization®] 7% T A4 Y9
Holal, fucntional intergration®] 749 T3 UES T EAWHY SHoE FEE F
T8 271 FE o|FUY FH FAHLIY 24 e AA dAHA I F FAHE Fo5t
A dehde 78 54 24 AH(region) s FshE =3
ARESEAET FH BAE 2o EA4 ks ot F U ES A EAMHE T8 49
Ao o Yoyt b A H(region)E 7He] 17 (connectivity)©] oG A ]
st oItk &, F8 &4 I9E e #AC #AE Za BAse
HEYZ BEAie 34 7HE s, AA, T22(30382)) 2 (anatomical connectivity),

Zs|
Z (effective connectivity)©] A Th(Price &

JESE

E4, 7154 A4 (functional connectivity), A, &
Friston, 1997). ©] AFolAe AT HASE AFolA B A4S 2o, b 4] 7
I e FH UEYT BYH F effective connectivity 241 ol Tls|A Lol 3 o]& T3l
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B514 bl B4l Hastn BAS 98 AHe e gals ng.
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1) Effective connectivity ' A7Uld £

AT gz 20008 o] Fof BEH HASH TS FolA FH UEYND &4 T effective
connectivity 4 W i #HEE 119 AASIAT A AAEES st B4 AR
BE £8E sClol sAE A=Y dAs

L

2) Effective connectivity &-& A7y &3

AT L 200090 o] %o WEH M3 FHAE FolA effecitve connectivity HHE &
83 3070 AAHINT. AR NFHPE flst B AHEH EE £33 SCIol A" Ad
2o @A Ao, dFd ALH EE B3 A4S S FHEA dde] oid A4S AsSES
AAG At F8 FHoE AASAT

2. AFHA

AFAE WA T YEYT £ F effective connectivity 4] WHEY FHH AT EIES
HFE O = effective connectivity #4149 54, & - @4, 28 W Soll tisto] &<l :

T HAZ d7Ae ASET A F 7P§”§7} A 1A A she Q40 #HH AT EIE
% effective connectwlty s 83 ‘:]'
connectivity2] of2] A1 :

¥e FAsa,

A7 At R =

1. Effective connectivity 24 HHH

T UHELZ EAWHS A AR dded, AA, 723 E0F8H) A 4 (anatomical
connectivity) 243, EA, 7153 <dZ(functional connectivity)®4], AR, FE  JZ(effective

connectivity) 241 ©] 9] Th(reference). Anatomical connectivity:-2]-2 ]9 sj58ha Fxio] A4 A

Weol & e, g9 9A 2 3 5o E47)5S X33} Functional connectivity #1412 33t
2oz "o voxels®lY regionE9] time-courseE ©| &3 ATFHJAE F3lo BHE sHAEC
(Friston et al, 1993). |5 F 7}A¢] B4 Wy EAHGAA dF mdo] AHfz| ¢gom 4%
5, FHAE oA AdAVES T Edo] =&HA Atk E3 AAEZHS HolHE o] &% &
Aol ofUBERE Z} A9E 71| JAAAAE YERZ]= o Hoh ojH3 ¢S BRad Qe B4
WH O 2 Effective connectivity £410] QUTh o] B4 W2 AAGRQ HolHE o] &3l Fi
7 JY9E 7 PSS T F = UEYT mdS 1T £ 9 o] e 4 34
ANA ATl o AbHel T3 FHE 1Y UEL A A5 EES HAst i, 374,
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<" 1> ANAYE HolHE €83 79 UEYI &4 WH(Rogers et al. 2007)

BEGY MEGY o8] Z4% x4 Holy B471%e 2EAL
1

Aol 7hsstr] wZol AlZtel WE Fa st AHY AR FHo| sbedtth vut ol & F3E
AR w24 7] Wil FEAA S Fote Y A9E GEHORE e JHE AR
o5& 7F53la QATH(Penny et al, 2004; Lee et al., 2006; Friston et al., 2003). fMRI®] &%= 574
323 13] MR scan®] ©]Fo1A|7] wiEo] 3% Telo AAEZH W Fde & g7 Aoy 3%

ojate] wefollA Wojx&= Ataste] W& T AR HolFe M 3t do] Ith(Huettel et
al., 2004). o]t T2 effective connectivity ARl 93] FEE & = QITh Effective
connectivity:= 573 neural system®] T} neural system©] & - {FHH o2 FFE F= d24ES &<
slal o] & AYE 7] AFA AAS AT 5 Jd= B4 WH o] h(Friston et al, 1997).

of e A AR ydE F Utk A AEAEl AEZ-E(PPL Psychophysiological
interaction) &AW, T WAZ T2YAH2L ZPH(SEM: Structural equation model) AW, w2 o
2 54 A3 =P (MDCM: Dynamic causal model)A o] Ut ol 27 4 o) diste A
HEH o3 2o

1) PPI B4
PPI £412 1% 2049} o] Algghael ala AE|shH el 81zt F548 BF

WA e A9 JFAEA aohmn

EAgelth. & 54 A9 7 A dFe 11
oflzl Folxl Aol o7 Al aA7A 1HeE E4 ol t(Kim & Horwitz, 2008). PPI &
AL B4 7hsst o) ZE2I3E0] JAT dHbF O E SPM(Statistical Parametric Mapping) == 71
s 283t
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PPI 4R o] YubxQl B4 =2l v 2t} PPI £42 54 ¢ M99 seed ROI(Region
of interesting)7} &<l =& W o] ROIS} Ao o]FAAI Ye FH F9& FAHOE Folr}
 Welth o] WL seed ROIE o] &3] 4 o] A&HTh AFAHH=FAA HA) &< B

Ao Fou3 &4S Yehd A
th o] FHAHoJA seed ROIGH =& FF dAZETF YEUde AHES
Connectivity 2240l 714 220 wH 9] ‘3}1/}? seed ROIE A3y T2 TE voxels
o NAE dlolEgte FHAAE A8tk 7h 2 FHE e A9e 2= Aot PPl 4
o] Exe Ty YEYI EXA AlgstAe C‘J(psychological context)< ILHITH= Zlo|Th.
Fristons(1997)°ll 9J3tH, F A 9E 2t AAdAZE AFdAA dAo 2x WA LUAU, rest
condition's ¢t HHSHA HIZA S} 2] F= ol ¢ ROI 42 ¢ otk A& S0, ol=
T AYE Atole] dAco] B condition BTh A condition oA © Z3HAl UERE § e AAHE
voxel-VJr seed ROIZFS] AZ7 =+ A ¥ (psychological context)oll whel WE 4= 918 ZHolt} o]zgh
T AEEA a2l A@AA o FFS 1T £l BastA ok PPI #2412 seed ROI
9]r o AY o] Aol Aol YA FFe PAEA, F APHA] ol A oEA I

2EE 1’41 © 2 geed ROI® connection AIE EelstAl H
groluy Al Hh

o ofy
1-4 rul

Fo HPF
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W~

| 3
S MAEAS BHoE £ & Ao|thKim & Horwitz, 2008). PPI 2412 w2 71ghgk Wby o
2 EA seed ROIY AZE o] FE= AHS Felst=r u¢ & dhyolth 12y 9327 24
U ROI G¥o] o8] XY A$ Al BAz0] 28 48 & ok @-o] th

2) SEM £4
SEME4-& 54 RO set WA ROIs €95 Atole] 9 e IR 5 = &4 ol
o 7hed B

o} % 33 Zo] o] £42 g ROl MEW Y952 AALH HolHE o] &3t
A4 A=E FASIL 7P o)A dF 2dS F43)| Utth(Bulmore et al. 2000). SEM #4
SPMollA RS A9 WY SHFRES FE5] AMOS ZZ oA AF43k= W]
AT
SEM #4 Wi “H2EA” FHJo=2E & AR
Aol A% Fe|2 JERItHGates et al. 2010). =, J%—S— M E43 22 FAZF Fap
91511 o] Fo)A ™, HZA9| connection model= 2r& “H M 7Vs =
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Th(Marco et al. 2009; Zheng & Rajapakse, 2006). WetA] SEM 4] 314 of A

<a¥ 3> SEME4]9] theoritical model(), best fitting model(-%)(Bulmore et al. 2000)
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<#Ez 1>
Effective connectivity &8 3 ¥4 A3}
. Task Cognition Extraction Interpetation Analyzing
Researcher Subjects ROIs Models
type level data type method
Akitsuki et al. (2009) 14 event higher cognition time-series bold 1 1 correlation PPI
Bingel et al. (2006) 19 block  higher cognition time-series bold 1 1 correlation, direction PPI
Bioksman et al. (2005) 10 block  higher cognition time—series bold 1 1 correlation, direction PPI
) . . . correlation, causality, connection strength, experimental
Cao et al. (2008) 12 block higher cognition  time-series bold 4 2 fact DCM
actor
Cooke et al. (2006) 21 block  higher cognition time—series bold 4 3 correlation, causality, connection strength SEM
Das et al. (2005) 28 event  sensory perception  time—series bold 6 1 correlation PPI
Erikson et al. (2005) 20 block higher cognition  time-series bold 10 1 correlation, causality, connection strength SEM
. . . . correlation, causality, connection strength, experimental
Ethofer et al. (2006) 24 block higher cognition time-series bold 3 4 fact DCM
actor
Fairhall & Ishai (2006) 5 block sensory perception  time—series bold 6 3 correlation, causality, connection strength DCM
Hirano et al. (2006) 13 block higher cognition  time-series bold 4 2 correlation, causality, connection strength SEM
Karunanayaka et al. (2007) 313 block sensory perception  time—series bold 6 1 correlation, causality, connection strength SEM
Kim & Horwitz (2009) - block higher cognition time-series bold 7 4 correlation, causality, connection strength SEM
Kuhtz—Buschbeck et al. . . . . . . .
(2009) 33 block  higher cognition time—series bold 3 1 correlation, direction PPI
) . . ) correlation, causality, connection strength, experimental
Lee et al. (2006) - block higher cognition  time-series bold 5 11 fact DCM
actor
Li et al. (2008) 12 block  higher cognition time—series bold 1 1 correlation, direction PPI
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Researcher Subjects Task Cognition Extraction ROIs  Models Interpetation Analyzing
type level data type method
Marco et al. (2006) 14 block sensory perception  time—series bold 3 2 correlation, causality, connection strength SEM
Mechelli et al. (2002) 13 block higher cognition  time—series bold 4 10 correlation, causality SEM
Mechelli et al. (2004) 5 block higher cognition  time-series bold 6 40 correlation,  causdlity, connection strength, experimentd fadtor DCM
Minnebusch et al. (2009) 11 event sensory perception  time—series bold 2 1 correlation PPI
Nyberg et al. (1996) 11 block higher cognition  time—series bold " 2 correlation, causality, connection strength SEM
Passamonti et al. (2008) 10 event sensory perception  time—series bold 2 2 corelation,  causdlity, connection strenath, experimentd factor PPI, DCM
Perin et al. (2010) 16 block sensory perception  time-series bold 4 1 correlation, causality, connection strength SEM
Quaglino et al. (2008) 18 block higher cognition  time-series bold 3 2 correlation, causality, connection strength SEM
Rowe et al. (2004) 12 block higher cognition  time-series bold 7 3 correlation, causality, connection strength SEM
Schlosser et al. (2008) 16 block higher cognition time-series bold 5 8 correlation, causality, experimental factor DCM
Schuyler et al. (2010) 42 event higher cognition  time-series bold 3 5 correlation, causality, connection strength,  experimental factor DCM
Szatkowska et al. (2008) 16 block higher cognition  time-series bold 6 2 correlation, causality, connection strength SEM
Vitali et al. (2005) 10 block higher cognition  time-series bold 14 1 correlation, causality, connection strength PPI, SEM
Yoshno & Decety (2009) 9 block higher cognition  time—series bold 2 1 correlation, causality, connection strength PPI, DCM
Zhuang et al. (2008) 7 block higher cognition  time-series bold 4 6 correlation, causality, connection strength SEM
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