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Moore 55 NIt &R —FLiiR, 24T SoA B
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I SR Bl 2 32 A Libet 22 1) 555 sh 21 /47
B VI Haggard 55 (2002 ) H93E5 M6 (K 2a)
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Claessens, & Baldo, 2013 ) . LI LAFGERT LI H, 4P
PR FAR (0T PRR DG SR S e D6 1B 52 J A
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Xf 1B BRI AN TE ST
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SoA MES I ERFEE, AR RIS A AR 2] T AN
B B TE s . Gallagher Fieilt ) — RS 2R MESCE &
g4 THEsh (agency ) UE M9 =i (KK
FEPER ., ETHAENEN SR TEER ) ;
MR T KR FE, SoA AL HE A B B I 8

(pre reflective ) JZ [ AIZF 5 19 S 8 (reflective ) J2
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5200 Ceffect) AT, BT XN Tz 245 |
JEEXTRE T X H S SER I ( Gallagher, 2012)
T4k, SoA HETARURK (sense of ownership, SO) 2
AR R 5 X, AR5 R IAE LA _EBG 30
& (joint action ) SR IB L4 MIMEIE T, BISIER
BRI ERRNE TG, WA 1B AU
A EE2S (Obhi & Hall, 2011) o IS E 50 R
ME IR AT witishE, BURT
B AEMMESE o XRFERME UL, B SoA Bk,
SO SR PR A . Rtk ARAAFFEZ W] 1B Hl SoA 7
AFSEEERE TRCR, WX SoA 5 SO 7E58
B E N SINVATE S LYok, BeAh, (LGN
IR SEERFIINT., BRI 5IEkE 1 5)
£, HEal—Lepisede i mse, I m ManfEm
J% M= W] BE J& [7] B 9 (Uithol, Burnston, & Haselager,
2014) o AAGX AL RSL, fZ SR SoA I IB (1Y
BES AN RAR T 2B 1E
Sk
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A Review of Intentional Binding Paradigm

for Sense of Agency Research

Ma Jiajun, Wei Kunlin, Chen Lihan
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Abstract Human agency manifests itself as influencing the external world through its own actions. Measuring sense of agency (SoA) is a challenge
for research of human agency. Haggard et al. (2002) found that there is a temporal attraction between voluntary action and its sensory consequence.
This so-called “intentional binding” (IB) has served as an important tool for quantifying SoA. This paper reviews its research paradigms and cognitive
mechanism.

In studies of IB, there are two main experimental methods -- Libet’s clock method and the interval estimation method. Libet’s clock method

measures the timing perception of action and sensory consequence separately when participants report their timing judgment with the aid of viewing a
fast-rotating clock. The interval estimation method directly records the subject-reported interval between action and sensory consequence.
Some researchers proposed that to use cognitive process to account for IB, it has to answer how the CNS establishes causality between voluntary
action and sensory consequence. There were two different theories — the predictive inference theory and the retrospective inference theory. Predictive
inference theory assumes that the CNS predicts the sensory consequence of action and establishes causality if the prediction matches the actual
consequence. The retrospective inference theory argues that the CNS infers the causality after it receives the sensory feedback. Researchers found that
both of them contributed to the timing perception of action in IB. However, there is no evidence for the timing perception of sensory consequence in IB
and the details of their joint contribution are not clear. According to the cue integration theory, the timing shift is a result of integration of the action cue
and the sensory consequence cue. Final readout of the CNS is based on weighted integration of cues where the weight of each cue is inversely related
to its reliability. The more reliable the cue is, the more weight it has. Thus, this theory can explain the timing shifts of both events.

The paradigm of IB has been extensively used in exploring SoA which plays an important role in self-consciousness and social interaction.
Future research can use IB to explore the SoA in social condition, some diseases deficit in SoA and the culture differences of SoA. Though the cue
integration theory can explain IB better, the evidence is not strong enough, especially for the timing perception of sensory consequence. Future studies
are warranted to test cue integration and build quantitative models. At present, neural mechanisms underlying IB are poorly understood. Available
studies suggest that supplementary motor area is related to IB but a broad network of neural substrates subserve IB. In addition, it is necessary to refine
our understanding of the relation between IB and agency.

Key words ense of agency, intentional binding, causality, predictive inference and retrospective inference, cue integration





