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Event-related fMRI design: principle and optimization
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[ Abstract] Event-related fMRI (efMRI) design is a newly developed research paradigm for cognitive neuroscience in
recent years. This article first gave a brief introduction to the basic principle of efMRI and the characteristics of BOLD sig-
nal. Then, a focus is placed on how to improve the detection power, estimation efficiency as well as the temporal resolu-
tion in event-related fMRI. Advanced issue on how to get a good balance of these factors and then achieve an optimal re-
search design is also discussed in this paper.
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HRIUIREREIL IR SR BF X =R A BOLD Wy 1R
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RO RE 3 2 08 B /5 RIBET S| RINE EMER, A%
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Fig1 Slowly (a) and rapidly (b) presented event-related fMRI

design

1.2 HEEFEAMAXGITT ABMHREERFH
HHXRIT XA LA Fig 1b Rx. FF B2 R
ERANFEHERENEE(FRERR 12 s HFL
By, ARIE2~3 s, HE1s ITF, B, ERER
BRIP4 T, DR EFIBATE F AR #E &6
BOLD {5 S BN AAFE TR M, X B T &
ERHEMAEXRITE R ERFFEX R ERE
RAEFRER

1.3 EHEXEGTHHSEIT SRR ERITREE,
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Bt FERB BB ERAE 5 KRG KRKE
SRS, LIFHE KR0S K. 76X B, 4189
TERR—-ANRPRFEIRMEEZM, mMBEAEXRT
SRR A RIBEE S R E. X TREERFM
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V-5, LA fRER — KRB 5| BOLD {5 5. R/
x5 B KA BOLD [ S #fT AT R, BdHE
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BT 0B X ABOE K. R, A DU E B
PR BOE R Y BOLD [FEHERRAE CERT
REHHEREEAREESR.
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R R S B IR AT R 8
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BOLD {55/t R B EH . — B MR T M
&4, XS ERRE ST E R ME R =L EE R
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WIS I W B RSN BOLD {55 i B2 4R 1iE il —
MBI
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R M. B RIBUTIE R K BOLD {55 KA1
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Z HISH B /NE B R TEL K 8T w ( pre-under-
shoot) , 7£ I BIEELR/K /G , WS FE—F W (post-
undershoot) , & T 3B #F i & 1 H. # BOLD {5 5 Ky %¢
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Fig 2 The stability and linearity of BOLD signal( Source: Dale & Buckner, 1997)
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BREAEEEMNER), BTFERMERERERK
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Fig3 The temporal resolution of fMRI and its optimization. The
averaged waveform ( middle) is a composite of data from
two separate sets of trials that sample sparsely, providing ei-

ther odd (top) or even ( bottom) data points. See text for ’

detail. ( Source ; Donaldson & Buckner, 2000)

Josephs % A (1997) £ T —FriE L s R E R
FRREAE SR FEI, XFBPFENEEE
HREEBRNIRFS b, SR AR SRIBESR
REF AT LR, e EE R a8, —1
11 B A 77 ok RAE B RIBGR 16 7R Al 25 B4 [A) (SOA ) R ¥ F
AHEENRE(TR) , W AR EHBEME. BRE TR N
2 s, MR RATAT LA E SOA NAH s(H 11 s) X FB

FHRABEMRMERHEITHRE0s M1 s B, XH
RATRRATLAS H494#%20 0,2,4,6,8 FMHATA S 1,
3,5,7,9 ¥ HBMALKKER, &G, RMNFBAXER
A [ 4 R R T LABRAR A 1 s(Fig 3) .

3.4 RHHEXRITHFANERARE BFHHEXE
TR B R4 7 — N KR F ST, RIS RIBA
— RS, ARBE—FSHER, ERMEFHLRE
P, R AR R BT R B 100% , TR A 52 2 Bl
YL A BRI HEI S 50% . TR A DhBE DL R RO HER
FIMEZM. NLCEEHAHE L, RNFBHR
BEREMR B T A0 BUI Mo BRI Dl 330 B BT DA /NI E 2
L, 3R AT BE 8 S i AT BB 7= A ) R SR [RIA, A
RIERTLAE 2], RSB0t o RE B SR B SR BT RO £
T,

HAARR AT R X LB E &, R
ALK TR —FREFHRATE. BE,
FELBRE A, RAFERM B EEFRBENT
W, T RIETEZ M BRI T, M RE TR E
HHgGEHRE AT R, X =FFEETHX
o

4 BEHRXIGIHRAME—S R

LR F, BE & B E & R B R iR
TR MG HEZ RN TR, YRR RERE
P12 B30 SR B /N ) B 9 AR 4 F BT LABR IS R R
fht 3 E , HX MRS RE T AHRE. B5—F
W RAEENR R, ROTT UBBBREFNAETR
%5 B EARE, FHilL, X8 ROEEE
BABRFELTRRETHEHEN. MERMNEBITHE
EMNMAAES R BB X 2 5588, Mker RA18
MIZEET URAR KN EIHTREINET TR, 7
B—MERT. MARNESEFENERIMREX &S
S53xA4MMES, T EER BT ERBHER XTSI B
X i# R BOLD {5 S4F1E, M AT B B wT LA K
BEFETRENET K.

Fad,Eg A B — R, TR EX B —8
WHEFRAE, ATTERSEREOREM, Liu FA
(2001 ) i BRI A T S R AR T DY BEDL BB
EMAMETRRAKHREDZRFKE LR, FRE
FUE I PR TR AT, T A A BB T LR
B, A AR ANBERERITHATRE. 5§
TR, ETR A B 55% HFRT B
ROGHREHEET 100%, HEHREIATERT
20% (197

HEEFEZERAFRMNEBFTEL BB ESHXNRE,



http://www.cqvip.com

BRLES, A

D000 http://iwww.cqvip.com|

SRR I AR IR B AR S IO B A R R SR AL 425

HINERNLRESEABIBEN RN ELENR
), B ER MR BRANGEITRE H AR
AR A MR SR RITR AL R4 5
WA REEEARERARKETRE N1,
ENHBEENE—EZPDCBEEXNFIREFAR
B B ) X SRAG B IIR] 5 3B AT, A =5 3 s 384 SR8
RERERLALAY 7 X B AR AR B A TR0, (B R X B
BRI BAY th B RN AT BUR, B AT R EE X T 5 R
ARSI ERBITHRIEREW, EXEFLT, R
TILFBEREEAT IR RS Gt 8 2 6 1948 .

B, E-NEERIH, R E. RS ER
ML ol N GO VIS ESEE 2 i 0h e
FEREMDILRE R ; R, 4 xR E 0 F
FEEE, MARIREGTTES T ME. EXHFEHT,
T LGES EE A8, AT BB R R LR 2 B 5
X E R TL R F LT F Bk REREH
HFRBT R

[&%3xw]

(1] g, ¥3%. FHAXYRERARIIRZLEIDNHEH
Ens )] P EM SR ERE, 2003, 1:4549.

[2] Burock MA, Buckner RL, Woldorff MG, et al. Randomized event-
related experimental designs allow for extremely rapid presentation
rates using functional MRI[ J]. Neuroreport, 1998, 9(16) .3735-
3739.

[3] Dale AM, Buckner RL. Selective averaging of rapidly presented in-
dividual trials using fMRI[J]. Hum Brain Mapp, 1997, 5. 329
340.

[4] Miezin FM, Maccotta L, Ollinger JM, et al. Characterizing the he-
modynamic response: effects of presentation rate, sampling proce-
dure, and the possibility of ordering brain activity based on relative
timing[ J]. Neuroimage, 2000, 11:735-759.

[5] Aguirre GK, Zarahn E, D'esposito M. The variability of human,
BOLD hemodynamic responses| J]. Neuroimage, 1998, 8:360-
369.

[6] Josephs O, Henson RNA. Event-related fMRI: modelling, infer-

ence and optimisation[ J]. Philes T Roy Soc, 1999, 354.1215-
1228.

[7] Schacter DL, Buckner RL, Koutstaal W ,et al. Late onset of anteri-
or prefrontal activity during true and false recognition: an event-re-
lated fMRI study[J]. Neuroimage, 1997, 6:259-269.

[8] Huettel SA, McCarthy G. The effects of single-trial averaging upon
the spatial extent of fMRI activation[ J]. Neuroreport, 2001, 12,
2411-2416.

[9] Boynton GM, Engel SA, Glover GH, et al. Linear systems analysis
of functional magnetic resonance imaging in human V1[J]. J Neu-
rosci, 1996, 16, 4207-4221.

[10] Pollmann S, Wiggins CJ, Norris DG, et al. Use of short intertrial
intervals in single-trial experiments: a 3T fMRI-study{]]. Neuro-
image, 1998, 8.327-339.

[11] Vasquez AL, Noll DC. Nonlinear aspects of the BOLD response in
functional MRI[J]. Neuroimage, 1998, 7. 108-118.

[12] Friston KJ, Josephs O, Rees G, et al. Nonlinear event-related re-
sponses in fMRI[J]. Magn Reson Med, 1998, 39 41-52.

[13] Friston KJ, Mechelli A, Tumer R, et al. Nonlinear responses in
fMRI: the Balloon model, Volterra kemels, and other hemodynam-
ics[J]. Neuroimage, 2000, 12: 466-477.

[14] Friston KJ, Zarahn E, Josephs O, et al. Stochastic designs in e-
vent-related fMRI[J]. Neuroimage, 1999, 10: 607-619.

[15] Bandettini PA, Cox RW. Event-related fMRI contrast when using
constant interstimulus interval; theory and experiment{]]. Magn
Reson Med, 2000, 43:540-548.

[16] Strange BA, Henson RN, Friston KJ, et al. Brain mechanisms for
detecting perceptual, semantic, and emotional deviance[J]. Neu-
roimage, 2000, 12 425433.

[17] Donaldson D1, Buckner RL. Effective paradigm design. In func-
tional magnetic resonance imaging of the brain: methods for neuro-
science[ M]. Oxford: Oxford University Press, 2000.

(18] Josephs O, Tumer R, Friston K. Event-related fMRI[J]. Hum
Brain Map, 1997, 5: 243-348.

(19] Liu TT, Frank LR, Wong EC, et al. Detection power, estimation
efficiency, and predictability in event-related fMRI[ J]. Neuroim-
age, 2001, 13: 759-773.

RN o SRS


http://www.cqvip.com

